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PREFACE 

TO 

THE TWENTY^SEVENTH EDITION 

In this Edition the section of Arthrology and the section deahng with the 
Lymphatic System have been rewritten almost in their entirety. Our know- 
ledge of the mechanism of Joints in the living subject has been greatly extended 
by the progress of Orthopaedic Surgery and the scientific investigation of the 
rationale of Manipulative Surgery, and in rewriting the description of the 
movements of the various joints I have incorporated much of the modern 
teaching of Orthopaedics in this respect. With the advice and help of Mr. 
T. T. Stamm, E.R.C.S., Assistant Orthopaedic Surgeon to Guy’s Hospital, 
to whom I am very specially indebted, much new matter has been added, for, 
in addition to the movements which can be performed actively, those move- 
ments which can be produced only passively or when resistance is encountered 
to active movements are described, for the first time — so far as I am aware — 
in a text-book of Human Anatomy. For want of a better name 1 have called 
them ' accessory movements since the term in common use — ‘ passive move- 
ments ’ — logically used, is applicable to all movements which can be carried 
out passively and therefore is too comprehensive. 

The rewriting and rearrangement of the Lymphatic System has been 
undertaken, almost entirely, by my colleague, Dr. J. Whillis, who has en- 
deavoured to help the student by dealing with the subject on the basis of areas 
of lymphatic drainage. He has also assisted me throughout the whole work 
of revision and has earned my most grateful thanks. 

In addition, many parts of the other sections have been rewritten and 
the whole work has been carefully revised. The description now given of 
the connexions of the thalamus and the new description of the nuclei of the 
hypothalamus have been based to a large extent on the work of Professor 
W. E. Le Gros Clark, and I gratefully acknowledge the valuable help I have 
received both from him personally and from his writings. Many other friends 
have helped me by criticism and suggestion and, as in previous editions, I am 
especially indebted to Dr. E. B. Jamieson, and also to Professor D. M. Blair, 
Professor R. D. Lockhart and Dr. A. J. E. Cave. 

The inclusion of a number of X-ray photographs is an innovation which 
some may regard as overdue, but it must be remembered that in the past an 
X-ray photograph often proved more confusing than informative to the medical 
student in the preclinical period. Recently, however, most Departments 
of Human Anatomy have been equipped with their own X-ray plants, and 
the student now has the opportunity, in the preclinical period, of acquainting 
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himself with the appearances shovm by the X-rays, so that the inclusion of a 
limited number of plates is fully justified. All those included are the work 
of Dr. H, M. Worth, Surgical Radiologist to (Suy's Hospital, and I am ex- 
ceedingly grateful to him for all the care and trouble w hich he devoted to their 
preparation and selection. 

Many of the older figures have been discarded, and nearly UK) new figures 
have been introduced in their place, including, in the Myok^gy section, tw^enty 
in which the muscles are shown in colour. For many of the new figures I am 
indebted to Mr. A. K, Maxwell, whose beautiful drawings are so characteristic 
of his skilful draughtsmanship that they will l)e identified readily ; others are 
the work of Miss P. A. Larivil*re, to whom I owe my grateful thanks for her 
skill, care and willing oo-operation. The remainder, eleven in number, have 
been borrowed from the Myology section of Quain’s A mtomy ( llth edition), and 
I am greatly indebted to Professor T, H. Bryce for granting me permission 
to reproduce them. I am also indebted to Proft^ssor Bryce for eight of the 
new figures in the Blood Vascular Section. These w<»re drawn for him some 
years ago by Mr. A. K. Maxwell, but have not hitherto been publishcxL 

The new index is the work of my demonstrator, Mr. H. 8. Harley, who 
has earned the grateful thanks of myself and all readers of Gray’s Anaiomy 
by the care ho has taken to maintain the high standanl set by his pr^Ieocssors. 

T. B. .K)HN8T()N. 


Guy’s HosriTAx;*, 

bONDOK, 1938. 



HENRY GRAY, F.R.S., F.R.C.S. 


As the readers of Gray’s Anatomy may 
be interested to learn something of its 
original author, Henry Gray, the follow- 
ing information as to his career has been 
extracted from an article which appeared 
in the St. Oeorge^s Hospital Gazette of 
May 21st, 1908. 

Gray, whose father was private 
messenger to George IV. and also to 
William IV., was bom in 1827, but of 
his childhood and early education 
nothing is known. 

On the 6th of May, 1845, he entered 
as a perpetual student at St. George’s 
Hospital, London, and ho is described 
by those who knew him as “a most 
painstaking and methodical worker, and 
one who learnt his anatomy by the slow 
but invaluable method of making 
dissections for himself.” 

While still a student he secured, in 
1848, the triennial prize of the Iloyal 
College of Surgeons for an essay entitled, 

“ The origin, oonnexions and distribu- 
tion of the nerves to the human eye 
and its appendages, illustrated by 
comparativ<>! dissections of the eye in 
other vert(^brat 0 animals.” 

At thci early ag(^ of twenty-five he 
was, in 1852, elected a Fellow of the Royal Society, and in the following year he 
obtaimul thc5 Astley Cooper prize of three hundred guineas for a dissertation “ On the 
structure and use of the spleen.” 

Ho lield HU(ic^es8^vcly the posts of demonstrator of anatomy, curator of the museum, 
and lecturer on anatomy at St. George’s Hospital, aird was in 1861 a candidate for the post 
of assiatant-surgcx)n. U nfortunatoly ho was struck down by an attack of confluent smallpox, 
whicdi h (5 contracted while looking after a nephew who was suffering from that disease, 
and died at the cjirly ago of thirty-four. A career of great promise was thus untimely cut 
short. Writing on June 15th, 1861, Sir Benjamin Brodie said, “His death, just as he 
was on the |)oint of obtaining the reward of his labours ... is a great loss to the Hospital 
and School.” 

In 1858 Gray published the first edition of his Anatomy which covered 750 pages and 
contaim^d figures. He had the good fortune to secure the help of his friend. Dr. H. 
Vandyke^ ( tartc^r, a skilled draughtsman and formerly a demonstrator of anatomy at St. 
George’s Hospital. Cartc^r made the drawings from which the engravings were executed, 
and the success of the book was, in the first instance, undoubtedly due in no small 
measure to the (excellence of its illustrations. A second edition was prepared by Gray and 
published in 1860. 

'The |)ortrait here given of Gray is a reproduction of one which appeared in the U. 
George: s Hospital Gazette of May 21st, 1908, where the original is described as being a 
v(Ty faded photograph taken by Mr. Henry Pollock, second son of the late Lord CJhief 
Baron Hir Frederick Pollock, and one of the earliest members of the photographic society 
of London.” 
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GLOSSAEY 


LIST OF ALTERATIONS IN THE B.N.A., APPROVED BY THE ANATOMICAL 
SOCIETY OF GREAT BRITAIN AND IRELAND, AND INCLUDED IN THE TEXT 


Region or 
Structure 

B.R.* 

English Form 

B.R.* 

Latin Form 

Original B.N.A. 

Parts oj? the 
Body 

Neck 

Limbs 

Cervix 

Membra 

Collum 

Extremitates 

Regions op 
Body 

Nape of neck 

Nuchal furrow 

Root of neck 

Suprasternal fossa 
Infraclavicular fossa 

Palm of hand 

Fold of buttock 

Nucha 

Sulcus nuchae 

Radix cervicis 

Fossa suprasternalis 

Fossa infiraclavicularis 

Palma manus 

Sulcus natis 

Fovea nuchae 

Fossa jugularis 

Trigonum deltoideopectorale 
Vola manus 

Sulcus glutaeus 

OSTEOLOGY 

Qbneraz. Terms 




Typical 

Vkrteura 

Pedicle 

Lamina 

Neural arch 

Centrum 

Neurocentral joint 

Costal facet [on transverse 
process] 

Pediculus [arcus vertebrae] 
Lamina [arcus vertebrae] 

Arcus neuralis 

Centrum 

Articidatio neurocerUralis 

Facies costalis [processus 
transversi] 

Radix arcus vertebrae 

Fovea costalis transversalis 

Atlas 

Facet for odontoid process 

Facies processus odontoidei 

Fovea dentis 

AXIS 

Odontoid process 

Processus odontoideus 

Dens 

Sacrum 

Lateral mass 

Spinous tubercles 

Transverse tubercles 

Articular tubercles 

Massa lateralis 

Tubercula spinosa 

Tiibercula transversa 

Tubercula articularia 

Pars lateralis 

Crista sacralis media 

Cristae sacrales laterales 
Gristae sacrales articulares 

Thorax 

Inlet of thorax 

Outlet of thorax 

Aditus thoracis 

Exitiis thoracis 

Apertura thoracis superior 
Apertura thoracis inferior 

1ST Rin 

Groove for subclavian artery 

Sulcus arteriae subclavi^e 

Sulcus subclavisB 

2nd Rid 

Tubercle for serratus anterior 

Tuberculum m. serrati 
anterioris 

Tuberositas costae II 

Sternum 

Suprasternal notch 

Incisura suprasternalis 

Incisura jugularis 

Skull 
( as a whole) 

Impressions for [cerebral] 
gyri 

Pterygomaxillary fissure 

Greater palatine canal 

Bony palate 

Incisive fossa 

Incisive foramina 
(lateral and median) 
Anterior (bony) aperture of 
nose 

Posterior (bony) aperture of 
nose 

Anterior fontanelle 

Posterior fontanelle 
Posterolateral fontanelle 
Anterolateral fontanelle 

Impressiones gyrorum 
[cerebri] 

Fissura pterygomaxillaris 
Canalis palatinus major 

Palatum osseum 

Fossa incisiva 

Foramina incisiva 
(lateralia et mediana) 
Apertura (ossea) nasi anterior 

Apertura (ossea) nasi posterior 

Fonticulus anterior 

Fonticulus posterior 

Fonticulus posterolateralis 
Fonticulus anterolateralis 

Impressiones digitatae 

Canalis pterygopalatinus 
Palatum durum 

Foramen incisivum 

Apertura piriformis 

Ciioanae 

Fonticulus frontalis (major) 
Fonticulus occipitalis (minor) 
Fonticulus mastoideus 
Fonticulus sphenoidalis 

Occipital Bone 

Condylar part 

Posterior condylar canal 
Anterior condylar canal 

Pars condylaris 

Canalis condylaris posterior 
Canah's condylaris anterior 

Pars lateralis 

Canalis condyloideus 

Canalis hypoglossi 

Sphenoid Bone 

Sphenoid bone 

Optic groove 

Lesser wing 

Greater wing 

Spine of sphenoid 

Groove for pharyngotympanic 
tube 

Lateral pterygoid plate 

Os sphenoideum 

Sulcus opticus 

Ala minor 

Ala major 

Spina ossis sphenoidci 

Sulcus tubae pharyngo- 
tympanicse 

Lamina pterygoidea lateralis 

' Os sphenoidale 

Sulcus chiasmatis 

Ala parva 

Ala magna 

Spina angularis 

Sulcus tubee auditivte 

Lamina lateralis processus 
pterygoidei 

I-amina medialis processus 
pterygoidei 

Canalis pharyngeus 


Medial pterygoid plate 

Lamina pterygoidea medialis 


Palatinovaginal canal 

Canalis palatinovaginalis 

Temporal Bone 

Sigmoid groove 

Internal auditory meatus 

Canal for facial nerve 

Canal for tensor tympani 

Sulcus sinus sigmoidei 

Meatus auditorius intemus 
Canalis nervi facialis 

OanaUs m. tensoris tympani 

Sulcus sigmoideus 

Meatus acusticus intemus 
Canalis facialis [Fallopii] 
Semicanalis m. tensoris 
tympani 

Semicanalis tuhse auditivse 

Canaliculus chorda tympani 


Canal for pharyngotympanic 
tube 

Anterior canaliculus for 
chorda Lympani 

Canalis tubae pharyngotym- 
panicae 

Canaliculus anterior chordae 
.tympani 


* B.R. =British revision. 



xviii 

REaiON OB 

Steucture 

OSTEOLOGY 

{continued) 

Temporai Bone 
(continued) 


Parietal Bone 


Froniai Bone 


Ethmoid Bone 


Lacrimal Bone 
Maxilla 


Palatine Bone 


J^YOOMATio Bone 
MA.NDIBLB 


Bones op 
Upper Limb 
Scapula 


Clavicle 


Skeleton op 
Free Upper 
Limb 

HUMEB17S 


Radius 

Ulna 

Carpus 


Phalanges 


Bones op 
Lower Lt^tr 


B El 

English Form 


GLOSSARY 

B.R. 

Latin Form 


ORICrNAI. B.N.A. 


Posterior canaliculus for 
chorda tympani 
[■Squamotympanic fissure 

I Petrotympanic fissure 
External auditory meatus 
Zygomatic process [Zygoma] 
Roots of zygoma 
Tubercle of root of zygoma 

Supramastoid crest 
Articular fossa 
Articular eminence 

Parietal eminence 
Groove for sigmoid sinus 


Canaliculus imsterior chordm 
tympani 

Fissura squamotyrapanica 

Fiasura pctrotympanica 
Meatus auditorius cxternus 
Processus zygomaticua [Zygo: 
Radices zygcmiatis 
Tuberculuni radlcis 
zygumatis 

Crista supramastoidea 
Fossa articularis 
Emtaentia articularis 

Bminentia parietalis 
Sulcus sinus sigmoidci 


Fissura ii<*tr«»tyi»panica 
(Gla-serl) 

Meatus actiMtuMis exterrma 
ProccsHua zjgumaticus 


Foftxa mantlibularlj* 
Tubcrculum art k'ula re 

Tuber parletale 
Sulcus transviTftUS 


Frontal eminence 
Orbital plate 
IS'asal spine 

Ethmoid bone 
Cribriform plate 
Ala (cristse galli) 

Ethmoidal sinuses 
Orbital plate 

Orest of lacrimal bone 

Posterior surface 
Dental foramina 
Dental canals 
Nasolacrimal groove 
Lacrimal crest [of maxilla] 

Alveolar arch 

Perpendicular plate 
Greater palatine groove 
Lesser palatine canals 
Horizontal plate 
Tubercle [of palatine bone] 
Frontal process 
Marginal tubercle 

Alveolar arch 
Genial tubercles 
Sublingual fossa 
Submandibular fossa 
Head of mandible 

Neck of mandible 


Shoulder girdle 


Crest [of scapular spine] 
Acromial angle 
Medial border 
Lateral border 
Suprascapular notch 
Superior angle 
Spmoglenoid notch 

Impression for costoclavicular 
ligament 
Conoid tubercle 
Trapezoid line 


Eminent la frontiilis 
Lamina orbitalis 
Spina nasalis 

Os ethmoldeum 
Lamina cribrlformis 
Ala cristm galli 

Sinus ethmoldalcs 
Lamina orbitalis 

Crista ossis lacrimalis 
Facies posterior 
Foramina dentalia 
Canales dentales 
Sulcus nasolacrimalis 
Crista lacrimalis [ossis 
maxiilm] 

Arcus alveolaris 

Lamina pcrpcndicularis 
Sulcus palatiuus major 
Canales palatini minores 
Lamina horlzontalls 
Tuberculura [ossis palatini] 
Processus frontalis 
Tubercttlum marginale 
Arcus alveolaris 
Tubercula geniaoa 
Fossa sublingualis 
Fossa suhmandibularis 
Caput mandibula 

Collum mandibulm 

Cingulum mombri superiorls 

Crista [spin© scapulm] 
Angulus acromialls 
Margo medians 
Margo lateralis 
Incisura supraacapularis 
Angulus superior 
Incisura spinoglenoidalis 

Impressio ligamenti costo- 
clavicularis 

S Tuberculum conoideum 
I Linea trapezoidea 


Tuber frontaU? 

Purs orbludis 
Spina fmiitalis 

Os ctlmmldule 
Lamina crliuosiii 
PrtKresstis alaris <crlstie 
galli > 

Cclhihe etbrnoitiuies 
lamina pupyrueea 

Crista hmrlnialis ptisterit^r 
Fac‘lc‘« infratemm»ralis 
Forantlna alveolar la 
Canales alviiolares 
i>u!cus lacrimaliH 
Crista lacrimaliH anterior 

Limbus atveularlis 

Pars ia*fi«‘!idicukris 
Sulcus pl*'r.\gopalHtiuU!^ 
Canales palatini 
Pars borkoiitalM 
ProeesHUrt i»yrainldaUs 

ITocessus fronto^pbenciUialla 
(Processus nmrglnaUs) 

blmbus alveolaris 
Spina mentallH 
I’ovea sublingualis 
(tovea sulmmxillarb) 
(Mtulum (priKatssuH aindy* 
lokiel) niandibulte 
Collum ipximmwni, ctiialy- 
Icildtil) mamliiiubf 

Cingulum extremitatis 
suiHsrioris 


Margo vertebralU 
Margo axillaris 
Inelsura wcapul© 
Angulus mediaiis 

Tuberositas custalU 
Tuberositas coracoidea 


Greater tuberosity 
Lesser tuberosity 
Bicipital groove 
Lateral lip 
Medial lip 
Spiral groove 


Head of radius 
Interosseous border 


Trochlear notch 
Interosseous border 
Carpal bones 
Scaphoid bone 
Tubercle of scaphoid 


Trapezium 
Crest of trapezium 

Trapezoid 


Prox^al phalanx 
Middle phalanx 
Distal j^alanx 

P'>alan 

Head of phalanx 
Girdle of lower limb 


Tuberositas major 
Tuberositas minor 
Sulcus muscull bicipitis 
Labium laterale . 
Labium mediale 
Sulcus spiralis 


Caput radii 
Margo interossea 


Incisura trochlearis 
Margo interossea 
Ossa carpalia 
Os scaphoideum 
Tuberculum oss. scaph. 


Os trapezium 
Crista osais trap. 


Os trapezoideum 


Phalanx proximalis 
Phalanx media 
Phalanx distalls 

Cingulum membri inferioris 


Tufjerculum maju« 
Tuberculum mlim,' 

Sulcus inti!rt«l«'ivul;trb 
Crista tuticreiili majtirb 
(Yista tuluTfuli minori.'t 
bulcus neni mdialis 
Capltulum radii 
Crista lutcrum*® 

Incisura semlliniarijj 
Crista iniiT(»3»»ea 
Ossa carpi 

0« imviculare maims 
'I uberculuni oss. nav, 
man. 

Cis tnultangidnm nmjus 
Tubertmlum m. mult, 
ruaj. 

Os nmltanguluin minus 


Phalanx prlrna 
P lajanx secunda 
Phalanx tertfa 
Tu^osltes ungiUcularis 
Trochlea phalangb 

On^lum extremitatls 
Inferioris 



GLOSSARY 


xix 


Region or 
Structure 

OSTEOLOGY 

(continued) 

Hip Bone 
Ilium 


ISCHIUM 

Pubis 

Pelvis 


Ermur 


Tibia 


Fibula 


Tarsus 

Talus 


Calcaneum 


Cuneiform 

BONES 

Phalanges 


JOINTS 


English Form 




Articular surface 

Intermediate area [of iliac 
crest] 

Middle gluteal line 

Eamus of ischium 
Ischial tuberosity 

Pubic crest 
Pectineal line 
Iliopubic eminence 

Subpubic angle 
False pelvis 
True pelvis 
Arcuate line 
Inlet of pelvis 

Outlet of pelvis 

Trochanteric line 
Trochanteric crest 
Spiral line 
Supracondylar lines 
Intercondylar notch 
Popliteal surface 

Intercondylar area 


Tubercle of tibia 
Soleal line 

Styloid process 
Interosseous border 
Anterior border 
Posterior border 
Anterior surface 
Posterior surface 
Malleolar fossa 


Upper surface of talus 
Medial surface of talus 
Malleolar facet 

Lateral surface of talus 
Malleolar facet 

Lateral tubercle 
Anterior surface of talus 
Lower surface of talus 
Posterior surface of talus 
Medial tubercle 
Posterior tubercle 

Calcaneum 
J^osterior surface 
Medial tubercle [of 
calcaneum] 
Ijateral tubercle [of 
calcaneum] 
Anterior tubercle [of 
calcaneum] 
(Peroneal tubercle) 


Medial cuneiform bone 
Intermediate cuneiform bone 
Lateral cuneiform bone 

Proximal phalanx 
Middle piialanx 
Distal phalanx 
Tuberosity of distal phalanx 

Head of phalanx 

Artlirology 

Joint 

Fibrous joint 
Denticulate suture 
Flat suture 
Limlmus suture 
Wedge and groove suture 
Cartilaginf)us joint 
Primary cartilaginous joint 

Secondary cartilaginous joint 

Synovial joint 
Plane joint 
Condyloid joint 
Ball and socket joint 


Facies articularis 

Area intermedia [cristse 
iliacse] 

Linea glutsea media 

Bamus ossis ischii 
Tuberositas ischiadica 

Crista pubica 
Linea pectinea 
Eminentia iliopubica 

Angulus subpubicus 
Pelvis spuria 
Pelvis vera 
Linea arcuata 
Aditus pelvis [verse] 

Exitus pelvis [verse] 


Linea trochanterica 
Crista trochanterica 
Linea spiralis 
Lineae siipracondylares 
Incisura intercondylaris 
Facies poplitea 

Area intercondylaris 


Tuberculum tibia 
Linea m. solel 

Processus styloideus fibula 
Margo interossea 
Margo anterior 
Margo posterior 
/ Facies anterior • 

I Facies posterior t 
Fossa malleoli lateralis 


Facies superior tali 
Facies medialis tali 

Facies articularis malleo- 
laris medialis 
Facies lateralis tali 
Facies articularis malleo- 
laris lateralis 
Tuberculum laterale 
Facies anterior tali 
Facies inferior tali 
Facies posterior tali 
/ Tuberculum mediale 
\ Tuberculum posterius 

Calcaneum 
Facies posterior 
Tuberculum mediale 
[calcanei] 

Tuberculum laterale 
[calcanei] 

Tuberculum anterius 
[calcanei] 

(Tuberculum tendinum 
mm. peronieorum) 

Os cunciforme mediale 
Os cuneiformo intermedium 
Ob cuneiformo laterale 

Phalanx proximalis 
Phalanx media 
Phalanx cUstalis 
Tuberositas pbalangis 
distalis 

Caput pbalangis 

Artbrologia 
Articulatio 
Articulatio fibrosa 
Sutura denticulata 
Sutura plana 
Sutura limbosa 
Schindylesis 
Articulatio cartilaginea 
Articulatio cartilaginea 
primaria 

Articulatio cartilaginea 
secundaria ■ 

Articulatio synovialls 
Articulatio plana 
Articulatio condyloidea 
Articulatio cotylica 


Facies lunata 

Linea intermedia feristm 
iliacie] 

Linea glutsea anterior 

Eamus inferior ossis ischii 
Tuber iscbiadicum 


Pecten ossis pubis 
Eminentia iliopectinea 

Angulus pubis 
Pelvis major 
Pelvis minor 
Linea terminals 
Apertura [pelvis minoris] 
superior 

Apertura [pelvis minoris] 
inferior 

Linea intertrochanterica 
Crista intertrochanterica 


Fossa intercondyloidea 
Planum popliteum 

f Fossa intercondyloidea 
J anterior 

I Fossa intercondyloidea 
^ posterior 
Tuberositas tibise 
Linea poplitea 

Apex capituli fibulae 
Crista interossea 
Crista anterior 
Crista lateralis 
Facies medialis 
Facies posterior 


Facies superior [trochlea tall] 
Facies mallcolaris medialis 


Facies malleolaris lateralis 
Processus lateralis tali 


Processus posterior tali 


Calcaneus 
Tuber calcanei 
Processus medialis 
tuberis calcanei 
Processus lateralis 
tuberis calcanei 


(Processus trochJearis) 


Os cuneiformo primum 
Os cuneiforme secundum 
Os cuneiforme tertium 

Phalanx prima 
Phalanx secunda 
Phalanx tertia 
Tuberositas unguicularis 

Trochlea pbalangis 

Syndesmologia 
Junctura o.ssium 
Synarthrosis 

Harmonia 


Synchondrosis 


Ampbiarthrosis 

Diartbrosis 

Arthrodia 

Bnartbrosis 


’* Between anterior and interosseous borders. 

t Between interosseous and posterior borders, and subdivided by the medial crest. 



XX 

Region or 
Steucture 

JOINTS 

{continued) 

GENERAL TERMS 


JOINTS OP SKULL 


VERTEBRAL 

JOINTS 


COSTO-TBANS- 
VBRSB JOINT 


Sternal Joints 


Joints of 
Upper Limb 


Sterno- 

clavicular 

Joint 


Shoulder Joint 
Elbow Joint 


Wrist Joint 


INTBRMETA- 
OARPAL JOINTS 


Metaoarpo- 

' PHALANGEAL 
JOINTS 


INTBR- 

PHALANGBAL 

Joints 

Pelvic Joints 


JOINTS OP 
Lower Limb 

Hip Joint 


Knee Joint 


B.R. 

English Form 


GLOSSARY 

. B.li. 

Latin Form 


Original U.N.A, 


Capsular ligament 
Synovial membrane 

Cartilaginous joints of skull 
Spheno-occipital joint 
Sphenopetrous joint 
Petro-occipital joint 


Intervertebral discs 

'Superficial posterior sacro- 
coccygeal lig. 

Tntercomual ligaments 
Atlanto-axial joint 

Apical ligament of odontoid 
process 

Lateral costotransverse 
ligament 

Inferior costotransverse 
ligament 

Sujperior costotransverse 
ligament 

Manubriosternal joint 
Xiphisternal joint 

Suprascapular ligament 
Spinoglenoid ligament 

Anterior sternoclavicular 
ligament 

Posterior sternoclavicular 
ligament 

Transverse ligament 
Medial ligament [of elbow] 
Lateral ligament [of elbow] 

Post.erlor radiocarpal ligament 
Anterior radiocarpal ligament 
Medial ligament [of wrist] 
Lateral ligament [of wrist] 


Dorsal metacarpal ligaments 

Palmar metacarpal ligaments 

Interosseous metacarpal 
ligaments 

Palmar lig. [of metacarpo- 
phalangeal joint] 

Deep transverse ligaments of 
palm 

Palmar ligament of inter- 
phalangeal joint 


Ijgamentum capsulare 
Membrana synovialis 


Articulationes cartilagineee 
cranii 

Articulatio spheno- 
occipitalis 

Articulatio sphenopetrosa 
Articulatio petro-occipitalis 

Disci intervertebrales 

’Lig. sacrococcygeum post, 
superficiale 

.Ligamenta intercornualia 
Articulatio atlanto-axiali? 

Lig. apicis processus 
odontoidci 

Lig. costotransversarium 
laterale 

Lig. costotransversarium 
inferius 

Lig. costotransversarium 
superius 

Articulatio manubriosternalls 
Articulatio xiphisternalis 

Ligamentum suprascapulare 
Ligamentum spinoglcnoidale 


Ligamentum stemoclaviculare 
anterius 

Ligamentum stemoclaviculare 
posteriuB 

Ligamentum transversum 

Ligamentum mediale [artlcu- 
iationis cublti] 

Ligamentum laterale [articu- 
lationls cubiti] 

Ligamentum radiocarpeum 
postcrius 

Ligamentum radiocarpeum 
anterius 

Ligamentum mediale [carpi] 

Ligamentum laterale [carj)!] 


Ligamenta metacarpea 
dorsalia 

Ligamenta metacarpea 
palmaria 

Ligamenta metacarpea 
Interossea 

Ligamentum palmare [articu- 
lationis metacarpophalangese] 

Ligamenta palmis transversa 
profunda 

Ligamentum palmare [artic. 
interplial.J 


Stratum fibrosum [capsuluj 
articulari.sj 

Stratum synoviale [capsulas 
articularisj 

Synchondroses cranit 

Synchondrosis spheno- 
occipitalis 

Synchondrosis spheno* 
petrosa 

Syucliondrosis potro- 
occipitulis 

Fibrocartilaginos inter- 
vertebrales 

Ligamentum sacrococcygeum 
pusterius superficiale 

Articulatio atlanto-epi- 
strophica 
Lig. apicis dentls 


IJg. tuberculi costae 

Lig. colli costae 

Lig. costotransversarium 
anterius 

Synchondrosis sternalis 

Lig. transversum scaputw 
superius 

Lig. transversum scapulin 
Inferius 

Ligamentum stcrnoclavlc- 
ulare 


Ligamentum collaterule 
ulnare 

Ligmentiim coltaterulu 
radiale 

Ligamentum nidio-carpeum 
dorsale 

Ligamentum radio*carpeum 
voiare 

Ligamentum cullatmle carpi 
ulnare 

Ligamentum coilaterale carpi 
radiale 

Ligamenta basium [oss. 
mctacari).] dorsalia 

IJgamenta basium Um, 
meiaearp.l volarla 

Ligamenta basium (oss. 
metacarp. J luterosseu 

Ligamenta acccssoria voluria 

Ligamenta capitulonmi [uss. 
metacarp.) transversa 


Inferior pubic ligament 
Anterior pubic ligament 
Posterior pubic ligament 
Interpubic disc 


Ligamentum pubicum 
inferius 

Ligamentum pubicum 
anterius 

Ligamentum pubicum 
posterius 

Discus intcrpubicus 


Ligamentum arcuatum pulds 


lamina flbrueartilaginwi 
iuterpubica 


Ischiofemoral ligament 
Pubofemoral ligament 
Laiin form used 
Ligament of head of femur 

Lateral ligament [of knee] 

Medial ligament [of knee] 

Oblique posterior ligament of 
knee 

Arcuate ligament of knee 

Lateral semilunar cartilage 
Medial semilunar cartilage 
Infrapatellar synovial fold 


Ligamentum ischiofemorale 
Ligamentum pubofemorale 
Labrum acetabulAre 
Ligamentum capitis femoris 

Ligamentum laterale [genu] 

Ligamentum mediale [genu] 

Ligamentum genu posterius 
obliquum 

Ligamentum genu arcuatum 

Cartilago semilunaris lateralis 
Cartilago semilunaris medialis 
Plica synovialis infrapatellaris 


Ligamentum ischlticupsiiinrc 
Ligamentum pubocapaulare 
Labrum gleutddale 
Ligamentum teres femorb 

ligamentum coilaterale 
ttbulurt* 

Ligamentum coilaterale 
tibiale 

IJgamentum popliteurn 
obliquum 

Ligamtfntum popliteurn 
arcuatum 
Meniscus lateralis 
Meniscus medialis 
Plica synovialis patcllaris 
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XXI 


Region or 
Structure 

JOINTS 

{contirmed) 

Tibiofibuub 

JOINTS 


Tarsal Joints 


INTBRMBTA- 

TARSAL Joints 


Metatarso- 

phalangeal 

Joints 


MYOLOGY 
General Terms 


Muscles op 
JUOK 


Muscles op 
Head 


Muscles op 
Neck 

Muscles op 
Thorax 


Rectus 

ABDOMINIS 


External 

Oblique 


Internal 
Oblique and 
Transversus 

Inguinal Canal 


B.R. 

English Form 


Superior tibiofibuliii joint 

Inferior tibiofibular joint 

Interosseous tibiofibular 
ligament 

Anterior inferior tibio- 
fibular ligament 
Posterior inferior tibio- 
fibular ligament 

Lateral calcaneonavicular 
ligament 

Medial calcaneocuboid 
ligament 

Short plantar ligament 


Interosseous metatarsal 
ligaments 

Dorsal metatarsal ligaments 
Plantar metatarsal ligaments 


Deep transverse ligaments of 
sole 


Tendinous intersection 
Synovial sheath of tendon 
Synovial bursa 
Deep fascia 

Iliocostocenricalis 
Iliocostalis 
Costalis 
Costocervicalis 
Longiasimus thoracis 
Spinalis thoracis 
Semispinalis thoracis 
Lumbar fascia 

iMin form used 
Frontal belly 
Occipital belly 
Epicranial aponeurosis 
Latin form used 
Latin form used 
Latin form v^ed 
Latin form used 

Latin form used 
Latin form used 
Latin form used 

Latin form used 
Latin form used 
Lateral pterygoid muscle 
Medial pterygoid muscle 
Parotid fascia 

Latin form used 
Cervical fascia 

Anterior intercostal mem- 
branes 

Posterior intercostal mem- 
branes 

Latin form used 
Latin form used 
Latin form used 
Vertebral part [of diaphragm] 

Crus [right and left] 


Alodial arcuato ligament 
Lateral arcuate ligament 


Tendinous intersections 
Arcuato lino 


Pectinate part [of inguinal 
ligament] 

(Iletiected part [of inguinal 
ligament]) 

Pectineal ligament 
Conjoint tendon 


Superficial inguinal ring 
Deep inguinal ring 


B.R. 

Latin Form 


Articulatio tibiofibularis 
superior 

Articulatio tibiofibularis 
inferior 

Ligamentiim tibiofibulare 
interosseiim 

Ligamentum tibiofibulare 
inferius anterius 
Ligamentum tibiofibulare 
inferius posterius 

Ligamentum calcaneonaviculare 
laterale 

Ligamentum calcaneocuboideum 
mcdialc 

Ligamentum plantare breve 


Ligamenta metatarsea 
intcrossea 

Ligamenta metatarsea 
dorsalia 

Ligamenta metatarsea 
plantaria 

Ligamenta plantse transversa 
profunda 


Intersectio tendinea 
Vagina synovialis tendinis 
Bursa synovialis 
Fascia profunda 

Musculus iliocostocervicalis 
M. iliocostalis 
M. costalis- 
M. costocervicalis 
M. longissimus thoracis 
M. spinalis thoracis 
M. semispinalis thoracis 
Fascia lumbalis 

M. occipitofrontalis 
Venter frontalis 
Venter occipitalis 
Aponeurosis epicranialis 
M. compressor naris 
M. dilator naris 
M- depressor auguli oris 
M. zygomatieus major 

M. zygomatieus minor 
M. levator labii superioris 
M. levator labii superioris 
alaeque nasi 
M. depressor auguli oris 
M. levator anguU oris 
M. pterygoideus lateralis 
M. pterygoideus medialis 
Fascia parotidea 

M. longus cervicis 
Fascui cervicis 

Membranse intercostales 
anteriores 

Membranse intercostales 
posteriores 

M. transversus thoracis 
M. stemocostalis 
Mm. intercostales intimi 
Pjirs vertebralis [diaphrag- 
matis] 

Crus [dextrum et sinistnim] 


Ligamentum arcuatum 
mediale 

Ligamentum arcuatum 
laterale 

Intersectiones tendinese 
Linea arcuata 


Pars pectinea [ligamenti 
ingninalis] 

(Pars reflexa [ligamenti 
ingninalis] ) 

Ligamentum pectineale 
Tendo conjunctus 


Annulus inguinalis super- 
ficialis 

Annulus inguinalis profundus 


Original B.N.A. 


Articulatio tibiofibularis 
Syndesmosis tibiofibularis 


Ligamentum malleoli 
lateralis anterius 
Ligamentum malleoli 
lateralis posterius 

Pars calcaneonavicularis 
[ligamenti bifiurcati] 

Pars calcaneocuboidea 
[ligamenti bifurcati] 
Ligamentum calcaneo- 
cuboideum plantare 

Ligamenta basium [oss. 

metatars,] interossea 
Ligamenta basium [oss. 

metatars.] dorsalia 
Ligamenta basium [oss. 
metatars.] plantaria 

Ligamenta capitulorum [oss. 
metatars.l transversa 


Inscriptio tendinea 
Vagina mucosa tendinis 
Bursa mucosa 


Musculus iliocostalis 
M. iliocostalis lumboriim 
M. iliocostalis thoracis 
M. iliocostalis cervicis 
M. longissimus dorsi 
M. spinalis dorsi 
M. semispinalis dorsi 
Fascio lumbodorsalls 

M. epicraniiTS 
M. frontalis 
M. occipitalis 
Galea aponeurotica 
M. nasalis, pars transversa 
Pars alaris 
M. triangularis 
M. zygomatieus 
M. quadratus labii superioris 
Caput zygomaticum 
Caput infra-orbitale 
Caput angulare 

M. quadratus labii inferioris 
M. Caninus 

M. pterygoideus e.xternus 
M. pterygoideus interims 
Fascia parotidcomasseterlca 

M. longus colli 
Fascia colli 

Ligamenta intercostalia 
externa 

Ligamenta intercostalia 
interna 

M. transversus thoracis 


Pars lumbalis [diaphrag- 
matis] 

rCrus mediale 

< Crus intermedium 

VCrus laterale 

Arcus lumbooostalis medialis 
[Kalleri] 

Arcus lumbooostalis lateralis 
[Halleri] 

Inscriptiones teridinere 

Linea semicircularis 
[Douglasi] 

Lipmentum lacunare 
[Gimbernati] 

Ligamentum inguinale 
reflexum 


Falx inguinalis aponeurotica 


Annulus inguinalis sub- 
cutaneus 

Annulus inguinalis abdomin- 
alis 
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GLOSSARY 


EtEGIOK OS 
iTSrCTURB 

MYOLOGY 

{continued) 

Muscles of 
Pelvis 


Muscles of 
Perineum 


Muscles of 
Upper Limb 


Muscles of 
Lower Limb 


BURSiE AND 

Synovial 

Sheaths 


XBUROLOGY 
Spinal Cord 


Enolkh^Form Latin' Form Original B.N.A. 


Fascia of pelvic muscles 
Visceral fascia 
Tendinous arch 


[Fascial] sheath of prostate 
Rectovesical septum 
Retropubic space 
Retropubic pad of fat 


Anococcygeal body 
Bulbospongiosus 
Perineal membrane 

Perineal body 

Pudendal canal [of obturator 
fascia] 


Fascia musculorum pelvinorum 
Fascia viscerum pelvinorum 
Arcus tendinous 


Vagina [fascialis] prostata 
Septum rectovesicale 
Spatium retropubicum 
Corpus adiposum retro- 
pubicum 

Corpus anococcygeum 
M. bulbospongiosus 
Membrana perinealis 

Corpus perinealo 
Canalis pudendalis [fasciae 
obturatoriee] 


Fascia pelvis 
Fascia endopelvina 
Fascia diaphragmatls 
pelvis superior 
Arcus tendineus fasciae 
pelvis 

Fascia diapluragmatis 
pelvis inferior 
Fascia prostatse 


Ligamentum anococcygeum 
Musculus bulbocaveniosus 
Fascia diaphragmatls uro- 
genitalis inferior 


Latin form used 

Clavipectoral fascia 

Bicipital aponeurosis 

Humero-ulnar head [of flex, 
dig. sublim.] 

Latin form used 

Latin form used 

Latin form used 

Oblique head [of adductor 
pollicis] 

Transverse head [of adductor 
pollicis] 

Loitin. form used 

Extensor retinaculum 

Superficial transverse lig. of 
palm 

Flexor retinaculum 
Superficial part 


(Musculus dorso-epitroch- 
learis) 

Fascia clavipectoralis 

Aponeurosis m. bicipitis 

Caput humero-ulnare [m. 
flex. dig. sublim.] 

M. extensor digitomm 

M. extensor digiti minimi 

M. extensor indicis 

Caput obliqmim [m, adduc- 
toris pollicis] 

Caput transversum [m. adduc- 
toris pollicis] 

M. abductor digiti minimi 

Retinaculum tendinum mm. 
extensorum 

Lig. palm» transversum 
superficialo 

Retinaculum tendinum mm. 
fiexorum 
Pars superflcialis 


Fascia coracoclavioularis 
Lacertus flbrosus 
Caput humeralo [m, flexor 
uigit. sublimlHj 
M. extensor dlgltorum com- 
munis 

M. extensor digit! qulutl pro- 
prius 

Sr. cxt(fnsor indicis proprlus 


M. abductor digiti qwlntl 
IJgamontum carpi dorxale 
Fasciculi transversi 
Lig. carpi transversum 
Lig. carpi volare 


Opening in adductor magnus 

Latin form used 
Laiin form used 

Latin form used 
Subsartorial canal 
Sagienous opening (of fascia 

Cribriform fascia 
Anterior intermuscular septum 
[of leg] 

Posterior intermuscular septum 
[of leg] 

Superior extensor retinaculum 

Inferior extensor retinaculum 

Flexor retinaculum 

Superficial transverse lig. of 
sole 

Fibrous flexor sheaths 


Synovi**!! bursse and sheaths 

Bursa of superior oblique 
muscle of eye 

Bursa of tensor palati muscle 

Bursa of tendon of triceps 
muscle 

Synovial sheath of flexor carpi 
radialis tendon 

Trochanteric bursa of gluteus 
medius muscle 

Bursa of psoas major tendon 

Tibial intertendinous bursa 


Hiatus m. adductoris magni 

M. abductor digiti minimi 
(M. abductor ossis metatarsi 
quinti) 

M. flexor digitomm accessorius 
Canalis subsartorialis 
Hiatus saphenus [fasciae latas] 

Fascia cribriformis 
Septum [cruris] intermusculare 
anterius 

Septum [cruris] intermusculare 
posterius 

Retinaculum tendinum mm. 

extensorum superius 
Retinaculum tendinum mm. 

extensorum inferius 
Retinaculum tendinum mm. 
flexorum 

Lig. plantae transversum 
superficiale 

Vaginae flbrosae digitales 
tendinum mm. flexomm 

Bursae et vaginae synoviales 
Bursa m. obliqui superioris 
oculi 

Bursa m. tensoris palati 

Bursa tendinis m. tricipitis 

Vagina synovialis tendinis m. 
flex. carp. rad. 

Bursa troclianterica m. glutaei 
medii 

Bursa tendinis m. psoadis 
majoris 

Bursa intertendinea tibialis 


Hiatus tendineus [adduc- 
torius] 

M. abductor digit! qulnii 


M. qiiadratus plnntce 
Canalis adciiictorius IHimtorll 
Fossa ovalis 

Fascia cribrosa 
Septum intermusculare 
anterius [flbulare] 

Septum intermusculare 
posterius [flbulare] 

Lig. transversum cruris 

Lig. cruciatum cruris 

Lig. laciniatum 


Bursm ©t vagin® mucos® 
Bursa muscull trocldearis 

Bursa m. tensoris veil 
palatini 

Bursa subtendinea olecrani 

Bursa m. flexorls canfl radialis 

Bursa troclianterica m. glutal 
medii anterior 
Bursa illopectinea 

/Bursa m. sartorii propria 
I Bursa anserlna 


Spinal cord 
Regions [of spinal c< 
Segments [of spinal 
white columns of spin 
Anterior white colui 
Lateral white dolum 
Posterior white coin 


Chorda spinalis 
Regiones [chordae spinalis] 
Segments [chordae spinalisj 
Column® alb® chord® spinalis 
Columna alba anterior 
Coltunna alba lateralis 
Columna alba posterior 


Medulla spinalis 


Funiculi mediill® spinalla 
Funiculus anterior 
Funiculus lateralis 
runiculus posterior 
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Regioit or B.R. 

STRtrcTUBi English Eorm 

NEUROLOGY 

{.ctyrdinued) 

Transverse White commissure 
Sections op Grey commissure 
Shnal Cord 

Grey horns 
Anterior horn 
Lateral horn 
Posterior horn 
Thoracic nucleus 


Pasciouli or Anterior intersegmental tract 
Tracts 

In Ant. White 
COIUMN 

In Lat. White Posterior spinocerebellar tract 
Column 

Anterior spinocerebellar tract 


Brain 

Medulla 

Oblongata 


Pons 

Transverse 
Sections op 
Med. Ob. and 
Pons 


Cerebellum 


Sections of 
Cerebellum 


Fourth 

Ventricle 


spinotectal tract 
Lateral intersegmental tract 

Inferior cerebellar peduncle 

Latin form used 
Latin form used 
Gracilo tubercle 
r Anterior external arcuate 
J fibres 

I Posterior external arcuate 
'' fibres 

Middle cerebellar peduncle 
Dorsal nucleus of vagus 
Gracile nucleus 
Cuneate nucleus 
Olivary nucleus 
Sensory decussation 
Olivocerebellar tract 
Ventral and dorsal cochlear 
nuclei 

Medial vestibular nucleus 
lateral vestibular nucleus 
Inferior vestibular nucleus 
Superior vestibular nucleus 
Motor nucleus of trigeminal 
nerve 

Superior sensory nucleus of 
trigeminal nerve 
Mesencephalic tract of tri- 
geminal nerve 
Dorsal nucleus of corpus 
trapozoideum 
Ventral nucleus of corpus 
trapezoideum 
Cerebellar folia 
Cerebellar fissures 
Antero-superior lobe • 

Latin form used 
Latin form used 
Postcro-inferior lobe • 

Latin form used 
Latin form used 
Latin form used 
lletrotonsillar fissure 
Latin form used 
Superior cerebellar peduncle 
Cortex 

Wliito matter 
Wiiite lamin® 

Folia 

Lateral recess of fourth ven- 
tricle 

Floor of fourth ventricle 
Vagal triangle 
Vestibular area 


Auditory strise 
Superior medullary velum 
Interior medullary velum [R. 
and L.] 

Median aperture of fourth ven- 
tricle 

Midbrain Medial sulcus 

Superior quadrigeminal body 
Inferior quadrigeminal body 
Tectum [of midbrain] 

Sections op Aqueduct of midbrain 

Midbrain Mesencephalic tract of tri- 

geminal nerve 

Mesencephalic nucleus of tri- 
geminal.nervG 

Decussation of sup. cerebellar 
peduncles 

Interpeduncular nucleus 


B R 

Latin* Form 


Original 


Commissura alba 
Commissura grisea 

Cornua grisea 
Cornu anterius 
Cornu lafcerale 
Cornu posterius 
Nucleus thoracalis 

Fasciculus intersegmentalis 
anterior 


Commissura anterior alba 
r Commissura anterior grisea 
L Commissura posterior 
Column® grise® 

Columna anterior 
Columia lateralis 
Columna posterior 
Nucleus dorsalis [Stillingi, 
Clarkii] 

Fasciculus anterior proprius 


Fasc. spinocerebellaris pos- 
terior 

rFasc. spinocerebellaris an- 
\ terior 

I Faso, spinotectalis 
Fasc. intersegmentalis lateralis 

Pedunculus cerebellaris inferior 

Fasciculus cuneatus 
Fasciculus gracilis 
Tuberculum gracile 
Fibr® arcuata extern® 
anteriores 

Fibr® arcuata extern® 
posteriores 

Pedunculus cerebellaris medius 
Nucleus dorsalis vagi 
Nucleus gracilis 
Nucleus cuneatus 
Nucleus olivaris 
Decussatio sensoria 
Fasciculus olivocerebellaris 
'Nuclei n. cochlearis, ventralis 
et dorsalis 

Nucleus n. vestibularis medialis 
Nucleus n. vestibularis lateralis 
Nucleus n. vestibularis inferior 
. Nucleus n. vesribularis superior 
Nucleus motorius n. trigemini 

Nucleus sensorius superior n. 
trigemini 

Tractus mesencephalicus n. 
trigemini 

Nucleus dorsalis corporis 
trapezoidei 

Nucleus ventralis corporis 
trapezoidei 
Folia cerebclli 
Fissur® cerebelli 
Lobus anterior superior* 
Lobulus culminis 
Fissura prima 
Lobus posterior inferior* 
Lobulus clivi 
Lobulus folii 
Lobulus tuboris 
Fissura retrotohsillaris 
Paraflocculus 

Pedunculus cerebellaris superior 
Cortex 

Substantia alba 
Lamin® alb® 

Folia 

Recessus lateralis ventriculi 
quarti 

Solum ventriculi quarti 
Trigonum n. vagi 
Area nucleorum n. vesti- 
bularis 

Stri® auditori® 

Velum medullare superius 
Velum medullare inferius [dext. 
et sinist.] 

Apertura mediana ventriculi 
quarti 

Sulcus medialis 

Corpus quadrigeminura superius 
Coitus quadrigeminum inferius 
Tectum [mesencephali] 
Aqu®ductus mesencephali 
Tractus mesencephalicus n. 
trigemini 

Nucleus mesencephalicus n. 
trigemini 

Decussatio pedunculorum cere- 
bellarium superiorum 
Nucleus interpeduncularis 


Fasciculus cerebellospinalis 

Fasciculus auterolateralis 
superficialis [Gowersi] 

Fasciculus lateralis proprius 

Corpus restiforme 

Funiculus cuneatus 
Funiculus gracilis 
Clava 

Fibr® arcuat® extern® 


Brachium pontis 
Nucleus al» cinere® 
Nucleus funiculi gracilis 
Nucleus funiculi cuneati 
Nucleus olivaris inferior 
Decussatio lemniscorum 
Fibr® cerebello-olivares 
Nuclei nervi acustici 

Nuclei n. cochlearis 
Nuclei n. vestibularis 


Nuclei motorii n. trigemini 


Radix descendens [mesen- 
cephalica] n. trigemini 
Nucleus olivaris superior 


Gyri cerebelli 
Sulci cerebelli 

Culmen monticuli 


Declivi monticiili 
Folium vermis 
Tuber vermis 


Brachium conjunctivum 
Substantia corticalis 
Corpus medullare 
Lamin® medullares 

Recessus lateralis foss® rhom- 
boide® 

Fossa rhomboidea 
Ala ciuerea 
Area acustica 

Stri® medullares 
Velum medullare anterius 
Velum medullare posterius 

(Apertura medialis ventriculi 
quarti [Foramen Magendii]) 
Sulcus n. oculomotorii 
Colliculus superior 
Colliculus inferior 
Lamina quadrigemina 
Aqu®ductus cerebri [Sylvii] 
Radix descendens n. tri- 
gemini 

Nucleus radicis descendentis 
n. trigemini 

Decussatio brachfi conjunc- 
tivi 

Ganglion interpedunculare 


• These terms, though used in the text, have not been approved oflScially. 
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Region or B.R. 

Structure English Form 

NEUROLOGY 

{cofrdinued) 

Cerebrum 

Third Latin form used 

Ventricle 

Hypothalamus Subthalamic nucleus 
Mamillothalamic tract 
Mamillopeduncular tract 


Thalamen- 

CEPHALON 


Latin form used 


Telencephalon 
gyri and Sulci 


Latin form used 
Latin form used 
Cerebral hemisphere 

Superolateral surface 
Lateral sulcus 


B.R. 

Latin Form 


Connexus intcrthalamicus 


Nucleus subthalamicus 
Fasciculus mamillothnlamicus 
Fasciculus mamillopeduncularis 


Stria habenularis 


ATchipallium 
Neopallium 
Heraisphserium cerebri 

Facies superolateralis 
Sulcus lateralis 


Precentral gyrus 
Posterior part [of inf. 

frontal gyrus] 

Inferior temporal sulcus 
Postcentral gyrus 
Postcentral sulcus 
Intraparietal sulcus 
Anterior part [of inf. par. 
lobule] 

Middle part [of inf. par. 
lobule] 

Orbital operculum 
Frontal operculum 
Frontoparietal operculum 

Temporal operculum 
Paraterminal gyrus 


Gyrus prseccntralis 
Pars posterior [gyri fron- 
talis inf.] 

Sulcus temporalis inferior 
Gyrus postcontralis 
/ Sulcus postcontralis 
\ Sulcus intraparietalis 
Pars anterior [lobuli 
parietalis infcrioris] 
Pars media [lobuli 
parietalis Inferiorls] 
Operculum orbitale 
Operculum frontalo 
Operculum fronto- 
parietale 

Operculum tem|>orale 
Gyrus paraterrninalis 


Suprasplenial sulcus 
Calcarine sulcus 
Postcalcarine sulcus 
Isthmus of gyrus cinguli 
Medial occipitotemporal gyrus 

Lateral occipitotemporal gyrus 

Rhinrnoephalon Olfactory pyramid 
Paraterminal gyrus 


Sulcus suprasplonialis 
f Sulcus calcarinus 
i Sulcus postcalcarinus 
Isthmiw gyri cinguli 
Gyrus occlpitotemporalis 
medialis 

Gyrus occipitotomporalis 
lateralis 

Pyrarais olfactoria 
Gyrus paraterrninalis 


Piriform area 
Hippocampal formation 
Latin form used 

Latin form used 
Dentate gyms 
Anterior column of fornix 
Posterior column of fornix 
Latin form used 
Amygdaloid nucleus 
Latin form used 

Sections op Latin form used 
Telencephalon Association fibres 
Itinerant fibres * 

Anterior limb of internal 
capsule 

Posterior limb of internal 
capsule 

Lentiform part 
Retrolentiform part 
Optic radiation 


Area piriformis 
Formatlo hippocampalis 
Indusium griseum (corporis 
callosi) 

Pcs hippocampi 
Gyrus dentatus 
Columna fornicis anterior 
Columna fornicis posterior 
Septum lucidum 
Nucleus ainygdaloideus 
Stria semicircularis 
Cortex 

Fibrse annectantes 
Fibreo itinerantes 
Crus anterius capsulm in- 
terna? 

Crus poHterius capsulas In- 
tern® 

Pars Icntiformte 
Pars retrolentiformis 
lladiatio optica 


Meninges 


Peripheral 

Nerves 

Oculomotor 

Trigeminal 


Auditory radiation 
Thalamocortical fibres 
Extradural space 
Arachnoid mater of brain 
Arachnoid villi 
Posterior median cervical 
septum 

Cranial nerves 


Motor root of ciliary gang- 
lion 

Sensory root 
Trigeminal ganglion 


Radiatio auditoria 
Fibrse thalamocorticales 

Cavum Qxtradurale 
Arachnoidea mater encepliall 
Villi arachnoidei 
Septum cervicale medianum 
posterius 

Nervi craniales 


Radix motoria ganglii 
cillaris 

Radix sensoria 
Ganglion n. trigemini 


Motor root 

Nasogilury n. Communicating br. with 
ciliary ganglion 
Maxillary n. Ganglionic branches 

Posterior superior dental 
nerves 


Radix motoria 
Ramus communicans cum 
ganglio ciliare 

Rami communicantes cum 
ganglio sphenopalatino 
Nn. dentalea superiores pos- 
teriores 


• Hitherto formed vro^edion fibres. 


Original B.N.a. 


Massa intermedia 


Nucleus hypothalamicus [cor- 
pus Luysi] 

Fasciculus tiialamomamillaris 
[Vicq d'Azyr] 

Fasciculi pedunculomamlU- 
arcs 

Stria medullaris 


Hemispluerium 

Facies convexa 
Fissura cerebri lateralis 
[Sylvll] 

Gyrus centralis anterior 
Pars opcrcularis (gyri 
frontalis inf.) 

Sulcus tcniporaiiR mcdhis 
Gyrus centralis posterior 
Sulcus Interparlctalls 

Gyrus supramarginalls 

Gyrus angulnrls 

Pars frontalis 

Pars parletaU.4 

Pars temporalis 
Gyrus subcullosua (Pe- 
<ltmculu8 corporis cal- 
losi} 

Sulcus suiypnrietalis 
Fissura calcarina 

Isthmus gyri fornicatl 
Gyrus fuslformis 

Gyrus temporalis Inferior 

Trlgonum tilfactorium 
Gyrus sulkcallosus IlVduu- 
euluH corporis (villosil 


I >igltatl( Hies hi ppoeampi 
Fast'iii fieutata liippocampl 
(!olumna foniicis 
Crus fornicis 
Septum pelliicidiuu 
Nuehms amygdalie 
Stria termlmilia 

Substantia cnrticalis 
Klhne arcuattn cerebri 

Pars frontalis capsulm in* 
t4Tme 

Para oc(dpltaU» capsul® In- 
terna? 


Radiatio occlpltoihalamlca 
(Gratloletil 


Cavum epiduralc* 
Arachnoidea cnceplmli 

Septum cervicale inter- 
medium 

Nervi cerebrales 


Radix brevij; ganglii 
eiliaris 
Portlo maj«4r 
Ganglion Hcmilunare 
IGuHscri] 

Portio minor 

Radix longa gangUl ciliarte 
Nn. .sphenopalutinl 

Rami alveolares superiores 
posteriores 



GLOSSARY 


XXV 


Ergion os 
Struoturk 

B.R. 

English Form 

B.B. 

Latin Form 

KEUEOLOGY 

(continued) 



iNmORBIXAL N. 

Middle superior dental nerve 

N. dentalis superior medius 


Anterior superior dental nerve 

N. dentalis superior anterior 

Sphenopalatine 

Ganglion 

Short sphenopalatine nerves 

Nn. sphenopalatini breves 


Long sphenopalatine nerve 
Greater palatine nerve 

Lessor palatine nerves 

N. sphenopalatinus longus 

N. palatinus major 

Nn. palatini minores 

Mandibular n. 

Buccal n. 

N. buccalis 

INP, Dental n. 

Inferior dental n. 

N. dentalis inferior 

Otic Ganglion 

N. to tensor palati 

N. m. tensoris i^alati 

Submandibular 

Ganglion 

Submandibular ganglion 
Glandular branches 

Ganglion submandibulare 

Bami glandularcs 

Faoul n. 

Motor root 

Sensory root 

Ganglion of facial n. 

Badix motoria 

Badix sensoria 

Ganglion n. facialis 

Eighth Nerve 

Auditory n. 

N. auditorius 

Ninth Nerve 

Inferior ganglion 

Ganglion inferius 

Tenth Nerve 

Superior ganglion 

Inferior ganglion 

Ganglion superins 

Ganglion inferius 

Superior 
Laryngeal N. 

External laryngeal n. 

Internal laryngeal n. 

N. laryngeus externus 

N. laryngeus internus 

Eeourrenx 
Laryngeal N. 

Beourrent laryngeal n. 

/ Pharyngeal branches 
\ Laryngeal branches 

N. laryngeus recurrens 
/ Bami phaxyngei 

1 Bami laryngei 

Vagus Nerve 

pulmonary branches 

Bami pulmonales 

Eleventh 

Nerve 

Cranial root 

Spinal root 

Accessory branch to vagus n. 

Badix cranialis 

Badix spinalis 

Bamus accessorius ad n. vagum 

Spinal Nerves 

Anterior primary ramus 

White communicating br. 

Grey communicating br. 
Posterior primary ramus 

Bamus primarius anterior 
i Bamus communicans albus 
\ Bamus communicans griseus 
Bamus primarius posterior 

Cervical 

Plexus 

Anterior cutaneous n. of neck 
Medial supraclavicular nerves 

N. cutaneus cervicis anterior 

Nn, supraclaviculares mediales 


Intermediate supraclavicular 
nerves 

Lateral supraclavicular nerves 

Nn. supraclaviculares inter- 
medii 

Nn. supraclaviculares laterales 

Brachial 

Plexus 

Boots of plexus 

N. to rhomboids 

N. to serratus anterior 

Upper trunk 

Middle trunk 

I^ower trunk 

Lateral pectoral n. 

Badices plexus 

N. mm. rhomboideorum 

N. m. serrati anterioris 

Truncus superior 

Truncus medius 

Truncus inferior 

N. pectoialis lateralis 

Median Nerve 

Ijateral root of median n. 

Medial root of median n. 
Anterior interosseous n. 

Badix lateralis n. median! 

Badix medialis n. median! 

N. interosseus anterior 

Median and 
ULNAR Nerves 

Palmar digital nerves 

Nn. digitales palmares 

Medial Cord 

Medial pectoral nerve 

N. pectoralis medialis 

Ulnar Nerve 

Dorsal branch [of ulnar n.] 

Bamus dorsalis [n. uhiaris] 

Posterior Cord 

N. to latissimus dorsi 

Circumtlex n. 

N. m. latissimi dorsi 

N, circumflexus 

Eadial Nerve * 

Posterior interosseous nerve 

N, interosseus posterior 

Lumbar Nerves 
(Posterior 
Primary Uami) 

Gluteal branches 

Bami glutsai 

Sacral Nerves 
(Posterior 
Primary Eami) 

Gluteal branches 

Bami glutsei 

Lumbar Plexus 

Femoral br. [of genitofemoral n.] 

Genitalbr. [of genitofemoral n.] 

Bamus femoralis [n. genito- 
femoralis] 

Bamus genitalis [n. genito- 
femoraJis] 

Femoral Nerve 

Intermediate cutaneous n. of 
thigh 

Medial cutaneous n. of thigh 

rN. cutaneus femoris inter- 
< medius 

In. cutaneus femoris medialis 

Sacral Plexus 

Gluteal brs, [of posterior cu- 
taneous n. of thigh] 

Rami glutroi [n. cutanei femo- 
ris posteriorls] 


Original B.N.A. 


Eaznus alveolaxis superior 
medius 

Eami alveolares superiores 
anteriores 

{ Kami nasales posteriores 
superiores laterales 
Kami nasales posteriores 
superiores mediales 
K. nasopalatinus [Scarpse] 
N. Palatinus anterior 
/ N. palatinus medius 
I N. palatinus posterior 

K. buccinatorius 
N. alveolaris inferior 
N. fcensoris veli palatini 

Ganglion submaxillare 
Eami submaxillares 


Nervus intermedins ‘ 
Ganglion genicull 

N. acusticus 
Ganglion petrosum 

Ganglion jugulare 
Ganglion nodosum 

Eamus extemus 
Eaznus intemus 

N. recurrens 

{ N. laryngeus inferior 
Eamus anterior 
Eamus posterior 

/Eami bronchiales anteriores 
\ Eami bronchiales posteriores 


Eamus internus 

Eamus anterior 
Eamus communicans 

Eamus posterior 

N. cutaneus colli 
Nn. supraclaviculares an- 
teriores 

Nn. supraclaviculares medii 

Nn. supraclaviculares pos- 
teriores 


N. dorsalis scapulae 
K. thoracalis longus 


N. thoracalis anterior lateralis 

interosseus volaris 

{ Nn. digitales volares com- 
munes 

Nn. digitales volares propril 
N. thoracalis anterior medialis 
Eamus dorsalis manus 

N. thoracodorsalis 
K. axillaris 

Eamus profundus 
Nn. clunium superiores 

Ifn. clunium medii 

E*. lumboinguinalis 
N. spermaticus externus 

Eami cutanei anteriores 
Nn. clunium inferiores 


• In tlie B N A. the radial nerve ends In the cubital fossa by dividing into a ramus profundus and a ramus super- 
ficialis. In the B.E. the radial nerve gives oft the posterior interosseous nerve in the cubital fossa and is then con- 
tinued down through the forearm to end on the dorsum of the hand. 



GLOSSARY 


XXVI 


Region or 
Struottjrb 

IS-EUROLOGY 

{eoTUinu^) 

SciATio Nerve 


B.R. 

ENGLISH Form 


Lateral popliteal n. 
Communicating br. with 
sural n. 

Musculocutaneous n. 
Medial br. 

Lateral br, 

. Anterior tibial n. 

Digital br. 


Medial popliteal n. 

Interosseous br. (of n. 
to popliteus] 

' Sural n. 

Posterior tibial n. 

Plantar digital nerves * 


Autonomic nervous system 

Sympathetic White communicating brs. 

Trunk Grey communicating bra. 

Lumbar Part Lumbar part of sympathetic 

system 

Parasympathetic Parasympathetic nervous 
system 
Cranial part 
Spinal part 

Pelvic splanchnic nerves 
Parasympathetic ganglia 


SPECIAL 

SENSES 


Eyeball 


Conjunctiva 


Lacrimal 

Apparatus 


The Ear 


bony 

Labyrinth 


Middle Ear 


Tympanic 

Membrane 


Auricle 
SKIN ' 


Subcutaneous 

Tissue 

Breast 

VASCULAR 

SYSTEM 

General Term 
Heart 


B Ki 

Latin Form 


N. popliteus lateralis 
llamus communicans cum 
n. surali 

N. musculocutaneus 
Ramus medialis 


Ramus lateralis 

N. tibialis anterior 
Ramus digitalis 


N, p^liteus medialis 

Ramus interosseus [n . m. 
poplitei] 

N. suralis 

N. tibialis posterior 
Nn. digitales plantares 


Spaces of iridocorneal angle 

Optic disc 
Iridocorneal angle 

Lens 

Fascial sheath of eyeball 

Ocular part [of conjunctiva] 
Palpebral part [of conjunctiva] 

Lacrimal gland 
Palpebral process 
Ducts of lacrimal gland 
Lacrimal canaliculi 

Maculae of membranous laby- 
rinth 

Aqueduct of cochlea 

Semicircular canals 
Internal auditory meatus 

Middle ear [tympanum] 

Roof of tympanum 
Floor of tympanum 
Medial wall 
Posterior wall 
Anterior wall 
Lateral wall 

Aditus 10 tympanic antrum 
Pyramid [of tympanum] 

rFibrous layer 
■{ Radial fibres 
V Circular fibres 
Pharyngotympanio tube 
External ear 

External auditory meatus 
Scaphoid fossa 

Homy zone (of epidermis] 
Homy layer 
Clear layer 
Granular layer 
Genninative zone [of epi- 
dermis] 

Prickle-cell layer 
Basal-cell layer 

Subcutaneous fatty tissue 

Mammary gland 
Lobes [of mammary glared] 

Blood vascular system 

Emissary vein 
Left surface 

Anterior interventricular 
groove 

Inferior interventricular 
groove 

Atrioventricular groove 


Systema nervosum autono- 
micum 

/ Rami communicantes alb! 

\ Rami communicantes grisei 

Pars lumbalis systematis 
sympathlci 

Systema nervosum parasym- 
pathicum 
Pars cranialis 
Pars spinalis 
N. spianchnici pclvini 
Ganglia parasyrapathica 

Spatia anguli iridocornealls 

Discus opticus 
Angulus iridocornealis 

Lens 

Vagina fascialis bulb! 

Pars ocularis jg^njunotivse] ^ 

Glandula lacrimalis 
Processus palpebralis 
Ductus glandula lacrimalis 
Canaliculi lacrimales 

Macula labyrinthi membranacei 

Aquaductus cochlea 

Canales semicirculares 
Meatus auditoriuB internus 

Auris media [tympanum] 
Tegmen tympani 
Solum tympani 
Paries medialis 
Paries posterior 
Paries anterior 
Paries lateralis 

Aditus ad antrum tympanioum 
Pyramls [tympani] 

r Stratum ftbrosum 

< Fibra radiata 

V Fibra circulaies 
Tuba pharyngotympanica 
Auris externa 
Meatus auditorius extemus 
Fossa scaphoidea 

Zona cornea [epidermis] 
Stratum oomeum 
Stratum lucidum 
Stratum granulosum 
Zona geiminatlva [epidermis] 

Stratum aculeatum 
Stratum basale 

Tela adiposa subcutanea 


Original B.N.a. 


N. peronseus communis 
llamus anastomobicus 
peronseus 

N. pcronious siiperflcialis 
N. cutaneuB dorsalis 
medialis 

N. cutuneus dorsalis 
intermedius 
N. peronaius profundus 
Nn. digitales dorsales hall- 
ucis lateralis et digit! 
secundi medialis 
N. tibialis 

N. interosseus cruris 

N. cutaneus suno medialis 

( Nn. digitales plantares com- 
munes 

Nn. digitales plantares pro- 
prU 


Ramus communicans 

Pars abdominal is systematis 
sympatliici 


Spatia anguli Iridis (Fon- 
tana)] 

Papilla n. ontici 
Angulus iridis 

Lens omtaiilna 
Fascia bulbl [Tenonl] 

Tunica conjunctiva bulb! 
Tunica conjunctiva palpe- 
brarum 

Glandula lacrimalis suiierlor 
Glandula lacrimalis Inferior 
DuctuU oxtTctorii 
Ductus lacrimaioK 

Maculte acusticie 

Ductus pcrllymphatlcus 

Canales semicirculares ossel 
Meatus acustlcus Internus 

Paries tegmentalis 
Paries iugularls 
Paries labyrinthica 
Paries mastoidoa 
Paries carotica 
Paries membranacea 

Eminentia pyramidalis 

r Stratum radiatum 
\ Stratum clrculare 

Tuba auditiva [Bustaebii] 

Meatus acusticus extemus 
Seapha 

Stratum comeum [epidermis] 


Stratum germlnatlvum [epl- 


Panniculus adlposus 


Glandula manunaria 

Lobi [glandula mamxnaria] Lobi mamma 
•Systema vasorum sangulneorum Angiologla 


Vena emissaria 
Facies sinistra 
Sulcus interventricularis 
anterior 

Sulcus interventricularis 
, inferior 

Sulcus atrioventriculajls 


Emissarium 

Sulcus longitudinalts anterior 

Sulcus longitudinalis pos- 
terior 

Sulcus coionarlus 




GLOSSARY 

xxvii 

B.£!QI0N or 


B.E. 

Original B.N.A. 

Structure Engiish Form 

VASCULAR SYSTEM 

Latin Form 

(continued) 

HEART 

Auricles of atria 

Auriculae atriorum 

Auricula cordis 

(continued) 

Membranous part [of ven- 

Pars membranacea [septi veh- 

Septum membranaceum ven- 


tricular septum] 

triculorum] 

triculorum 

1 

[Higbt atrioventricular [tri- i 
cuspid] orifice 

f Oriflcium [tricuspidatum] 
atrioventriculare dextrum 

Ostium venosum 

. J 
1 

1 Left atrioventricular [mitral] J 
orifice ] 

' Orificium [mitrale] atrioven- 
triculare sinistrum 


1 

Pulmonary orifice 

1 Aortic orifice 1 

Orificium trunci pulmonalis 
.Orificium aorta 

Ostium arteriosum 

Right Atrium 

Zatin form used 

Annulus ovalis 

Limbus fossae ovalis [Vieuss- 
enii] 

Right 

K-ight atrioventricular [tricus- 

Valvula [tricuspidalis] atrio- 

Valvula tricuspidalis 

Ventricle . 

pid] valve 

ventricularis dextra 


Inferior cusp 

Cuspis inferior 

Cuspis posterior 


Infundibuloventricular crest 

Crista infundibuloventricularis 

Crista supraventricularis 


Latin form used 

Infundibulum 

Conus arteriosus 


Pulmonary valve 

Valvula trunci pulmonalis 

Valvulse semilunares a. pul- 
monalis 

Valvula semilunaris 
anterior 


Eight cusp 

Cuspis dextra 


Posterior cusp 

Cuspis posterior 

Valvula semilunaris dextra 


Left cusp 

Cuspis sinistra 

Valvula semilunaris 
sinistra 


Nodules of pulmonary valve 

Noduli valvulse trunci pul- 
monalis 

Noduli valvularum semi- 
lunarium 


Lunules of pulmonary valve 

Moderator band 

Lunulae valvules trunci pul- 
monalis 

Fasciculus moderator 

Lunulse valvularum semi- 
lunarium 

Left Ventricle 

Left atrioventricular [mitral] 

Valvula [mitralis] atrioventri- 

Valvula bicuspidalis [mitrahs] 


valve 

cularis sinistra 


Aortic valve 

Valvula aortse 

Valvulse semilunares aortse 


Left cusp 

Cuspis sinistra 

Valvula semilunaris pos- 
terior 


Eight cusp 

Cuspis dextra 

Valvula semilunaris dextra 


Anterior cusp 

Cuspis anterior 

Valvula semilunaris sinistra 

Myocardium 

Latin form used 

Sinu-atrial node 
Atrioventricular node 
Atrioventricular bundle 

Neuromyocardium 

Nodulus sinu-atrialis 

Nodulus atrioventricularis 
Fasciculus atrioventri- 
cularis 


Pericardium 

Fibrous pericardium 

Serous pericardium 

Parietal layer 

Visceral layer [Epicardium] 

Oblique sinus of pericardium 

Fold of left vena cava 

Pericardium fibrosum 
Pericardium serosum 

Lamina parietalls 

Lamina visceralis [Epicar- 
dium] 

Sinus obliquus pericardii 

Plica vente cavse sinistrse 


Arteries 

Pulmonary trunk [stem] 

Truncus pulmonalis 

A. pulmonalis 


Eight pulmonary artery 

Left pulmonary artery 

A. pulmonalis dextra 

Eamus dexter 


A. pulmonalis sinistra 

Eamus sinister 

Coronary 

Interventricular br. [of right 

E. interventricularis [a. coro- 

11. descendens posterior [a. 

Arteries 

coronary a.] 

narise dextrse] 

coronarise dextrse] 


Interventricular br. [of left 

E. interventricularis [a. coro- 

E. descendens anterior [a. 


coronary a.] 

narise sinistrse] 

coronarise sinistrse] 

Common Carotid 

Carotid sinus 

Sinus carotis 


Artery 

External 

Facial artery 

A, facialis 

A. maxillaris externa 

Carotid 

Superficial 

Zygomatic hr. 

E. zygomaticus 

A. zygomatico-orbitalis 

Temporal 

Anterior br. 

E. anterior 

E. frontalis 

ARTERY 

Posterior br. 

E. posterior 

11. parietalls 

Maxillary 

Maxillary a. 

A. maxillaris 

A. maxillaris Interna 

Artery 

Inferior dental a. 

A. dentalis Inferior 

A. alVeolaris inferior 

Buccal a. 

A. buccalis 

A. buccinatoria 


Posterior superior dental 

Aa. dentales superiores pos- 

A. alveolaris superior pos- 


arteries 

teriores 

terior 


Anterior superior dental 

Aa. dentales superiores an- 

Aa. alveolares superiores 


arteries 

teriores 

anteriores 

Ophthalmic 

Artery 

Supratrochlear a. 

A. supratrochlearis 

A, frontalis 

Anterior 

Cortical brs. 

Eami corticales 


Cerebral 

Central branches 

Earn! centrales 


artery 

Middle 

Cortical brs. 

Earn! corticales 


Cerebral 

Central brs. 

Eami centrales 


Artery 

Striate brs. 

Er. striati 


Internal 

Anterior choroid a. 

A. chorloidea anterior 

A. chorioidea 

Carotid 

Artery 

Basilar Artery 

Internal auditory a. 

A. audltoria Interna 

A. auditiva interna 

Posterior 

Cortical brs. 

Eami corticales 


Cerebral 

Central brs. 

Eami centrales 


Artery 

Posterior choroid a. 

A. chorioidea posterior 


Internal Mam- 

Anterior intercostal arteries 

Aa. intercostales anteriores 

Ei. intercostales 

MARY Artery 

Thyro-obevioal 

Transverse cervical a. 

A. cervicalis transversa 

A. transversa colli 

Trunk 

Suprascapular a. 

A. suprascapularis 

A. transversa scapulse 

Axillary 

Acromiothoracic a. 

A. acromiothoracalis 

A. thoiacoacromialis 

Artery 
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GLOSSARY 


Region or ' B.R. 

Structure English Form 


B.R. 

Latin Form 


Original B.N.a. 


VASCULAR SYSTEM 
{continued) 

Profunda Ascending branch 

Brachii / Anterior descending br. 

Artery \ Posterior descending br. 

Ulnar Ulnar collateral a. 

Collateral Supratrochlear a. 

Artery 


Radul artery 
Ulnar Artery 


Descending 

Thoracic 

Aorta 


Deep palmar arch 
Posterior interosseous a. 
Anterior interosseous a. 
Superficial palmar arch 
Posterior intercostal arteries 
(ni-Xl) 

Subcostal a. 


Abdominal 

Aorta 


Phrenic a. 
Median sacral a. 


R. ascendens 
' R. desccndens anterior 
, R. descendens posterior 

A. collateralis ulnaris 
A. supratroclUearis 

Arcus palmaris profundus 
A. interossea posterior 
A. interossea anterior 
A. palmaris superficialis 
Aa. intercostales posteriores 

<ia-xi> 

A. subcostalis 

A. phrenica 
A, sacralls mediana 


R. deltoidcus 
A. collateralis radialis 


A. collateralis ulnaris superior 
A. collateralis ulnaris inferior 


Arcus volarls profundus 
A. interossea dorsalis 
A interossea volarls 
ArciLs volarls superficialis 
Aa. intercostales 


A. plurenioa inferior 
A. sacraiis media 


Inferior Superior left colic a. 

Mesenteric Inferior left colic arteries 

Artery Superior rectal a. 


Iliac Arteries 
Branches 


External Iliac 

ARTERY 
(Branches) 
Medial Circum- 
flex Femoral 
Artery 


Internal iliac a. 

Artery of vas deferens 
Middle rectal a. 
Inferior rectal a. 
Transverse perineal a. 
Artery to cremaster 


f Ascending hr. 

\ Transverse br. 

Descending genicular art. 


A. colica sinistra superior 
Aa. colicfe sinistrse fnferiores 
A. rectalis superior 

A. iliaca interna 
A. vasis deferentis 
A. rectalis media 
A. rectalis Inferior 
A. perinei transversa 
A. m. cremasteris 


R. ascendens 
R. transversus 

A. genu descendens 


A. colica sinistra 

Aa. sigmoidem 

A. haemorrhoiUalls 8up<^rlor 

A. hypogastrica 
A. defcrentialis 
A liamorrhoidalls media 
A. hoemorrhoidails Inferior 
A. porinssi 

A. spermatica externa 


Ramus profundus 


A. genu suprema 


Veins Inferior hemiazygos vein 

Azygos Superior hemiazygos vein 

Tributaries Posterior intercostal veins 

Innominate / First (posterior] intercostal v. 

Veins \ Left superior intercostal vein 

Cephalic vein Acromiothoracic v. 


V. hemiazygos inferior V. hemiazygos 

V. hemiazygos superior V. hemiazygos accesaoria 

Vv. intorcostales posteriores Vv. Intercostales 

V. intercostalis (posterior) prima V. intercostalls suprema 
V. intercostalis superior sinistra 
V. aciomiothoracaiis V. tlioracoaoromialis 


External 
Jugular Vein 

ANTERIOR 

Pacul Vein 
Posterior 
Facul Vein 
Venous Sinuses 


Suprascapular v. 
Transverse cervical veins 
Supraorhital veins 
Deep facial v. 

Maxillary v. or vv. 


/ Transverse sinus 
\ Sigmoid sinus 
Cerebral Veins Superficial middle cerebral v. 
Deep middle cerebral v. 
Thalamostriate v. 


Common Iliac Median sacral vein 
Vein 


Internal Iluc 
Vein 

Femoral Vein 
Popliteal Vein 
Portal Vein • 


Internal iliac v. 

Middle rectal v. 

Inferior rectal v. 
Prostatic venous plexus 
Long saphenous v. 
Short saphenous v. 

Left gastric v. 

Eight gastric v. 
Prepyloric v. 


Inferior Mesen- Superior left colic v. 
TERic Vein Inferior left colic vv. 

Superior rectal v. 


LYMPHATIC Mediastinal trunk 
SYSTEM 

Mastoid lymph glands 


V. Bupraacapularis 
Vv. corvicales transvers® 

Vv. supraorbitaJes 
V. farialis profunda 
V. [w.] maxillaros 

/ Sinus transversus 
l Sinus sigmoldeus 
V. cerebri media superheiaUs 
V. cerebri media profunda 
V. thalamostriata 
V. sacraiis mediana 

V. iliaca interna 
V. rectalis media 
V. rectalis inferior 
Plexus venosus prostaticus 
V. saphena longa 
V. saphena brevis 
V. gastrica sinistra 
V. gastrica dextra 
V. prsepylorica 

V. colica sinistra superior 
Vv. colic® sinistrsB inferiores 
V. rectalis superior 

Truncus mediastinalis 
Lymphoglandulte mastoide® 


Submandibular lymph glands 
Supratrochlear lymph gland 


Lymphoglandul® submandi- 
bulares 

L. supratrochlearis 


Tracheobronchial lymph glands 
Bronchopulmonary lymph 
glands 

Inferior tracheobronchial 
lymph glands 
Superior tracheobronchial 
lymph glands 

, ' Paratraoheal lymph glands 
Innominate lymph glands 
Internal mammary lymph glands 
Aortic lymph glands 
Left gastric lymph glands 
Right gastro-epiploic lymph 
glands 

Pyloric lymph glands 
Internal, iliac lymph glands 
rSuperfioial inguinal lymph 
< glands 

vDeep ingiiinal lymph glands 


LI. tracheobronchiales 
LL bronchopulmonales 

LI. tracheobronchiales 
inferiores 

LI. tracheobronchiales 
superiores 

. LL paratracheales 
LL innominat® 

LL mammari® intern® 

LL aortic® 

LL gastric® sinistr® 

LL gastro-epiploic® dextra 

LI, pyloric® 

LL iliac® intern® 

'JA. inguinaJes superficiales 

iLl. Inguinales profund® 


V. scapula tmnsvem 
Vv. transvers® colli 
Vv. frontales 


Vv. maxillares intern® 

Sinus transversus 

V. ccrobri nmdia 

V. terminalls 
V. sacraiis media 


V. hypogastrica 
V. hamorriioidalls media 
V. h»morrhoidall8 inferior 
Plexus pudendalls 


V. saphena magna 
V. saphena parva 


V. coronaria ventricuU 


V. colica sinistra 

Vv. sigmolde® 

V. hamorrholdalis suiarior 

Truncus broncbomediastinallg 
dexter 

Lymphoglandul® auriculares 
posteriores 

Lymphoglandul® submaxill- 
ares 

Lymphoglandul® cubitales 
superficiales 

/Lymphoglandul® tracheales 
1 Lymphoglandul® hronciiiales 


LI. mediastinales anteriores 
LL steniales 
LL iumbales 
LL gastric® superiores 
LI. gastric® inferiores 


LL hypogastric® 

'LL inguinales 

LL subinguinales superfidalcs 
LL subinguinales profund® 
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RUGION OR 

Structurb 

B.E. 

English Form 

B.R. 

Latin Form 

Original B.N.A. 

DIGBSTIVB 

SYSTEM 

Palatoglossal arch 

Arcus palatoglossus 

Arcus glossopaiatinus 

Mouth 

Oropharyngeal isthmus 
Sublingual papilla 

Isthmus oropharyngeus 

Papilla sublingualis 

Isthmus faucium 

Caruncula sublingualis 

Salivary 

Glands 

Submandibular gland 
Submandibular duct 

Qlandula submandibularis 
Ductus submandibularis 

Glandula subinaxillaris 

Ductus submaxillaris 

Teeth 

Root foramen of tooth 

Dentine [Ivory] 

Bnainol 

Cement 

Wisdom tooth 

Foramen radicis dentis 

Ebur 

Adamas dentis 

Caementum 

Dens sapientiee 

Foramen apicis dentis 
Substantia ebumea 

Substantia adamantlna 
Substantia ossea 

Dens serotinus 

Tongue 

Folia lingu® 

Palatoglossus 

Folia linguae 

M. palatoglossus 

Papillse foliatse 

M. glossopaiatinus 

Palate 

Levator palatl 

Tensor nalati 

Palatopnaryngous 

M. levator palati 

M. tensor palati 

M. palatopharyngeus 

M. levator veli palatini 

M. tensor veli palatini 

M. pharyngopalatinus 

Pharynx 

Glosso-opiglottic fold 

Plica glosso-epiglottica 

Plica glosso-epiglottica 
mediana 

Plica glosso-epiglottica 
lateralis 

Tonsilla palatina 

Fossa supratonsillaris 

Arcus pharyngopalatinus 

Tonsilla pharyngea 

Recessus piriformis 

Raphe pterygomandibulare 


Pharyngo-cpiglottic fold 

Plica pharyngo-epiglottica 

. 

Tonsil 

Intratonsillar cleft 
Palatopharyngeal arch 
Pharyngeal isthmus 
Nasopharyngeal tonsil 

Piriform fossa 

Pterygomandibular ligament 

Tonsilla 

Fissura intratonsillaris 

Arcus palatopharyngeus 

Isthmus pharyngeus 

Tonsilla nasopharyngea 

Foski piriformis 

Ligamentum pterygomandi- , 
bulare 

ALIMENTARY 

Canal 

Alimentary canal 

Canalis alimentarius 

Tuba digestoria 

Stomach 

' Cardiac orifice 

Curdlao notch 

Angular notch 

Pyloric canal 

Pyloric constriction 

Pyloric orifice 

Orificium cardiacum 

Incisura cardiaca 

Incisuia angularis 

Canalis pyloricus 

Strictma pylorica 

Orificium pyloricum 


Duodenum 

First part 

Second part 

Third part 

Fourth part 

Ampulla of bile duct 

l^ars prima 

Pars secunda 

Pars tertia 

Pars quarta 

Ampulla ductus cholcdochi 

Pars superior 

Pars descendens 

Pars horizontalis [inferior] 
Pars ascendens 

CJiOUM 

Ileocolio orifice 

Ileocolic valve 

Vermiform appendix 

Orificium ileocolicum 

Valvula ileocolica 

Appendix vermiformis 

Valvula coli 

Processus vermiformis 

Colon 

/ Descending colon 
\ Pelvic colon 

Sacculations of colon 

/ Colon descendens 
\ Colon pclvinum 

Sacculi coli 

f Colon descendens 
\ Colon sigmoideum 

Haustra coli 

Rkotum 

Horizontal folds of rectum 

Plica} horizontales recti 

Plicae transversales recti 

ANAL CANAL 

Anal canal 

Anal columns 

Anal valves 

Anal sinuses 

Canalis analis 

Oolumnse analcs 

ValvulcB anales 

Sinus anales 

Pars analis recti 

Columnae rectales 

Sinus rectales 

Pancreas 

Diver 

Neck of pancreas 

Lower border 

Notch for llgamentum teres 
Fissure for iigamentum venosum 
(Groove for vena cava 

Fissure for Iigamentum teres 
Hepatobiliary capsule 

Common hopatio duct 

Right hepatic duct 

Left hepatic duct 

Collum pancreatls 

Margo inferior 

Incisura Ilg. teretis 

Fissura ligament! venosi 

Sulcus vense cavse 

Fissura ligamenti teretis 

Capsula hepatobiliosa 

Ductus hepaticus communis 
Ductus hepaticus dexter 
Ductus hepaticus sinister 

Margo anterior 

Incisura umbilicalis 

Fossa ductus venosi 

Fossa venae cavoe 

Fossa ligamenti teretis 
Capsula fibrosa [Olissoni] 
Ductus hepaticus 

BBSPIRATORY 

SYSTEM 

Respiratory system 

Systema respiratorium 

Apparatus respiratorius 

Nose 

Posterior apertures of nose 

Aperturse posteriores nasi 

Choanae 

PARANASAL 

Sinuses 

Ethmoidal sinuses 

Sinus ethmoidales 

Oellulae ethmoidales 

External Kosb 
Larynx 

Movable part of septum 
Tliyrohyold membrane 

Crlcovooal membrane 
Cricothyroid ligament 
Vestibular ligament 

Vestibular fold 

Sinus of larynx 

Pars mobilis septi nasi 
Membrana thyreohyoidea 
Membrana cricovocalis 

Lig. cricothyreoideum 

Lig. vestibulare 

Plica vestibularis 

Sinus laryngis 

Septum mobile nasi 

Membrana hyothyreoidea 
Conus elasticus 
liig. cricothyreoideum medium 
Lig, ventrioulare 

Plica ventricularis 

Ventriculds laryngis (Morgag- 
nii] 

Appendix ventriculi laryngis 


Saccule of larynx 

Sacculus laryngis 

Lungs ^ 

/'Medial surface 1 

Vertebral part i 

1 Mediastinal part ' 

Oblique fissure 

Horizontal fissure [R. lung] 

r Facies medians 

Pars vertebralis 

1 Pars mediastinalis 

Fissura obliqua 

Fissura horizontalis [Pulmonis 
dextrij 

Facies mediastinalis 

Fissura interlobaris 

Pleura 

Cervical pleura 

Recesses of pleura 
Oostodiapniagmatic recess 

Pleura cervicalis 
llecessus pleuise 

Eecessus costodiaphragmaticus 

Cupula pleurse 

Sinus pleuiss 

Sinus phrenicooostalis 
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Structure 

B.R. 

' English Form 

EESPIRATOBY SYSTEM 
(continued) 

PLEURA 

(continued) 

Mediastinum 

Anterior mediastinum 


Posterior mediastinum 


Middle mediastinum 
Superior mediastinum 

UEOGENITAL 

SYSTEM 

Urogenital system 

Kidney 

Renal fat . 

Ureter 

Pelvis of ureter 

Urinary 

Bladder 

Apex of bladder 

Neck of bladder 

Urethra (Mali) 

Spongy part 

Fossa terminalis 

Penis 

IMin form used 

Bulb of penis 

Epididymis 

Canal of epididymis 

Spermatic Cord 

Internal spermatic fascia 


Cremaster muscle and fascia 


External spermatic fascia 
Latin form used 

Seminal Vesicle 

Duct of seminal vesicle 

Prostate 

Median lobe 

Sheath of prostate 

Ovary 

Ligament of ovary 

Latin form used 

Epoophoron 

Tubules of epoSphoron 

Uterine Tube 

Pelvic opening of tube 

Uterus 

Intenial os of uterus 

Cervix Uteri 

Arbor vit® 

External os of uterus 

Pudendum 

MULISBRB 

Vestibular fossa 

Ontogenetic 

Terms 

Latin form used 

Greek form used 

Mesonephric duct 
Paramesonephric duct 

PERITONEUM 

Extraperitoneal tissue 
Greater sac of peritoneum 
Lesser sac of peritoneum 
Opening into lessor sac 
Pelvic mesocolon 


Superior duodenal recess 
Superior duodenal fold 
Recess of pelvic mesocolon 
Paracolic grooves 
Infundibulopelvio ligament 
Sacrogenital fold 

DUCTLESS 

GLANDS 

Parathyroid glands 

Spleen 

Medial end 

Lateral end 

Lower border 

Upper border 


iB !B» 

Latin Form 


Mediastinum 

Mediastinum thoracis anterius 

Mediastinum thoracis pos- 
terius 

Mediastinum thoracis medium 
Mediastinum thoracis su- 
perius 

Systema urogenitale 


Adeps renis 
Pelvis ureteris 

Apex vesicas 
Cervix veslcte 

Pars spongiosa 
Fossa terminalis 


Corpus spongiosum penis 
Bulbus penis 

Canalis epidldymidis 
Fascia spermatica interna 


M. cremaster cfc fascia cremas- 
ticricA 

Fascia spermatica externa 
Vas deferens 

Ductus vesiculse seminalls 

Lobus medianus 
Vagina [fascialis] prostate 

Ligamentum ovarii 
Cumulus ovaricus 

Tubuli epobphori 

Ostium pelvinum tub® uterin® 


Os uteri internum 

Arbor vit® uteri 
Os uteri externum 

Fossa vestibuli vagin® 


Decidua parietalis 
Mesonephros 
Ductus mesonephricus 
Ductus paramesonephricus 

!rela extraperitonealis 
Saccus major perlton®! 
Saccus minor periton®! 
Aditus ad saccum minorem 
Mesocolon pelvinum 

Kccessus duodenalis superior 
Plica duodenalis superior 
Eecessus mesocoli pelvtni 
Sulci paracolic! 

Lig. infundibulopelvinum 
PlTea sacrogenitalis 

Glandulm^parathyieoide® 

Extremitas medialis 
Extremitas lateralis 
Margo inferior 
Margo superior 


ORIGiNAt B.N.A. 


Septum mediastinale 
Cavum mediastinale an- 
tcrius 

Cavum mediastinale pos- 
lerius 


Apparatus urogenitalls 

Capsula adiposa ' 
Pelvis renalis 
Vertex veslo® 


Pars cavernosa 
Fossa navicularls uretur® 
[Morgagnil] 

Corpus cavernosum uretlir® 
Bulbus urethr® 

Ductus epididymldlB 

Tunica vaginalis communis 
[testis ct funiculi sperma- 
tici] 

/M. cremaster 

lE'ascia oremasterlca (Cooperll 

Ductus deferens 
Ductus excretorlus 

Lobus mecUus 
Fascia prostat® 

LIg. ovarii proprium 
Cumulus odplmms 

Ductuii transversl 

Ostium abdominals tub® 
uterin® 

Orlfieium uteri internum 

Plic® palniat® 

Oriaoium uteri externum 

Fossa navicularls [vsstlbuU 
vagin® 1 

Decidua vora 
Corpus WoUll 
Ductus Wolffi 
Ductus Muellsrt 

.Tela subserosa 

Bursa omentalls 
Foramen epiploicum 
Mesocolon si^oideum 
Mesorectum 

Eecessus duodcnoiejunalis 
Plica duodenojejanalls 
Eecessus Interslgmoldeos 
Eecessus paracollel 
Llg. siispensoriuin ovarii 
Plica reetovesicaUs 


Extremitas smpedor 
Extremitas inferior 
Margo posterior 
Margo anterior 



HUMAJSt ANATOMY 


INTEODUCTION 

fTiHE term human anatomy comprises a consideration of the various struc- 
tures which make up the human body. In a restricted sense it deals 
merely with the parts which form the fully developed individual, and can be 
demonstrated to the naked eye by various methods of dissection. Regarded 
from that standpoint, human anatomy may be studied by two methods : 
(1) the various structures may be considered as individual entities — systematic 
anatomy ; or (2) the organs and tissues may be studied as they lie in relationship 
with one another in the different regions of the body — topographical or regional 
anatomy. 

It is, however, of great advantage to supplement the facts ascertained 
by naked-eye dissection by those observed by means of the microscope. In 
this way two fields of investigation are opened, viz. the study of the minute 
structure of the various component parts of the body — histology ; and the 
study of the human organism in its immature condition, from the fertilisation 
of the ovum to the birth of the child — embryology. The changes through 
which any organism passes from the fertihsation of the ovum until the fully 
adult form is reached constitute its ontogenetic history or ontogeny. Phytogeny, 
on the other hand, comprises the evolutionary history of the group to which 
the organism belongs. Owing to the difficulty of obtaining material illustrating 
the earliest stages of human development, recourse must be had to observations 
on the development of lower but allied forms — comparative embryology. 

In its broader conception anatomy deals with the factors which have 
influenced and determined the form, structure and functions of the constituent 
parts of the body, and this aspect of the subject is termed morphology. In 
this branch much valuable information is obtained from the study of the 
anatomy of other animals, or comparative anatomy. 

The direct application of the facts of human anatomy to medicine and 
surgery constitutes the subject of applied anatomy. Finally, the identification 
of structures underlying the surface of the body may be made the subject of 
special study, and is termed surface anatomy. 

In the earlier stages of the development of all vertebrates there are 
abundant signs of their evolution from a segmented invertebrate type. In 
their simplest forms the segments are identical with one another, save for their 
topographical position, and the individual structures contained in each segment 
are repeated in the other segments. The segments are said to be serially 
homologous with one another, and identical individual structures, repeated 
from segment to segment, provide further examples ojf serial homology. 

When two structures occurring in different animals have similar ontogenetic 
histories, even though they may show individual differences in other ways, 
they are said to be homologous with each other. Thus, the wing of a bird, 
the fore-limb of a horse and the upper limb of a man are homologous struc- 
tures, for, although they differ widely in their structure and functions, they 
aU develop from identical ceU-groups in the embryo. Structures which fulfil 
the same functions in different animals are not necessarily homologous with 
one another. The gills, which constitute the respiratory apparatus of the 
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fish, are not homologous with the lungs, which carry out a precisely similar 
function in man, because they have different ontogenetic histories. Such 
organs are said to be analogous. 

Systematic Anatomy. — ^The various tissues of which the body is composed 
are built up in different combinations and in varying proportions into organs 
and structures, which can be arranged in a number of groups or systems, 
according to the functions which they perform. 

1 . Osteology — ^the bony system or skeleton. 

2. Arthrology—ihd articulatory system or joints. 

3. Myology — ^the muscular system. 

It may be noted that the bony, articulatory and muschlar systems, grouped 
together, constitute the locomotor apparatus. 

4. The Blood Vascular System — comprising the heart, blood-vessels, lymph 
vessels and lymph glands. 

5. Neurology — the nervous system. It is convenient to include the organs 
of the senses in this system. 

6. Splanchnology — the visceral system. The heart, a thoracic visciis, is 
included in the blood vascular system, and the remaining viscera are grouped 
into : (a) the respiratory system ; (6) the digestive system \ and (r) the urogenital 
system. 

For descriptive purposes the body is always assumed to be in the erect 
posture, with the arms hanging by the side, and the head, the eyes and the 
palms of the hands directed forwards. The position is an unnatural one, for 
it entails lateral rotation of the humeri at the shoulder joints. The median 
plane is a vertical plane which passes through the centre of the trunk and 
divides the body into superficially symmetrical right and left halves. This 
plane cuts the anterior surface of the body along the anteriar median line, and 
the posterior surface, along the posterior median line. The median plane will 
pass approximately through the sagittal suture of the skull, and hence any plane 
parallel to it is termed a sagittal plane. Vertical planes at right angles to the 
median plane pass through or parallel to the central part of the coronal suture 
of the skull ; such planes are termed coronal planes. Planes drawn at right 
angles to both sagittal and coronal planes are termed horizontal plaim. 

The terms anterior or ventral and posterior or dorsal are employed to doBcrihe 
the front or back of the body or limbs, and the relations of structures within 
the body to one another. The terms superior and inferior are used to iridicjate 
the relative levels of different structures, but in the study of embr>^>logy it is 
frequently convenient to use the terms cephalic and caudal to deiiott^! n‘lati()n- 
ships to the head and tail ends of the embryo. The terms proximal and distal 
are frequently used in the description of the limbs in place of the terms superior 
and inferior. To denote relative distances from the median plane, the terms 
medial (nearer to) and lateral (further from) are employed. 

The terms superficial and deep are strictly confined to descriptions of the 
relative depth from the surface of the various structures ; external and internal 
are reserved, almost entirely, for describing the walls of cavities or of hollow 
viscera. For example, a rib possesses an external surface, which is <lirected 
away from the thoracic cavity, and an internal surface, which is directed 
towards the thoracic cavity. 

Special terms are restricted for use to certain regions of the body. For 
example, palmar is frequently used instead of anterior in the palm of the hand, 
and plantar is employed in descriptions of the sole of the foot and peroneal in 
descriptions of the lateral or fibnlar aspect of thy^eg. 




homogeneous, or show some degree of diiferentiation into fibrils, granules, etc 
Within the body of each cell there is usually a small, globular, more solid 
portion, named the nucleus. A cell is therefore frequently defined as '' a mass 
of protoplasm containing a nucleus,’’ but this definition is not altogether 
satisfactory, because some cells (e.g. red blood-cells of mammals) are non- 
nucleated, and may carry on their functions for a limited time, while others 
(e.g, white blood- cells) may be multinucleated. 

The cell-body. After fixation with reagents^ such as mercuric chloride, the 
protoplasm of the body of the cell is seen to consist of a delicate network or 
cytoreticulum, the meshes of which are filled with a more fluid material, named 
hyaloplasm. Granules of fat, pigment or glycogen may be imbedded in the 

* Consult Th& Gell in Development and Heredity, by Professor Edmund B. Wilson, 3rd ed. 
1925. 
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cell-protoplasm, and are collectiv^y spoken of as 'paraplasm ; vacuoles or spheri- 
cal spaces filled with, fiuid may also be present. Most cells are surrounded by a 
thin wall or plasma-membrane, formed by a condensation of the cell-protoplasm. 

There are two chief views as to the structure of protoplasm : (a) that it consists of a 
cytoretioulum the meshes of which are filled with a more fluid material, named hyaloplasm, 
as described above, and (5) that it has an alveolar or foam-like structure consisting of a 
viscid interalveolar material having the appearance of a honey- comb, and a more fluid 
substance consisting of separate alveolar spheres suspended in the interalveolar material ; 
when closely packed the spheres assume a more or less angular form. The suppoxters of the 
latter view apply the name hyaloplasm to the interalveolar material, and that of enckylema 
to the contents of the spheres. 

The nucleus is a small, globular structure situated eccentrically within the 
cell. It contains one or more minute bodies named nucleoli, and is readily 
stained by basic dyes such as carmine or hsematoxylin. In fixed and stained 
preparations the nucleus exhibits a network {karyomitome), the meshes of which 
are filled with a semifluid substance named karyoplasm. The network consists 
of two constituents, {a) a material named Unin, which stains with acid dyes, and 
(6) a number of more or less discontinuous masses, called chromatin because 
they stain with basic dyes. The karyomitome is condensed around the nucleus 
to form a distinct nuclear membrane. 

The nucleoli are of two kinds, (a) true nucleoli or plasmones — small, spherical 
bodies lying in the karyoplasm, and staining readily with acid dyes ; one is 
usually present hut sometimes there are two or three ; and (6) chromatin 
nucleoli or haryosomes, which consist of localised thickenings of chromatin. 

A centrosome is present in most cells. It lies near the nucleus, and has 
the appearance of a small, spherical mass of clear protoplasm. One or two 
minute particles, named centrioles or central bodies, are found within it and 
play an important part in cell-division. The threads of the protoplasmic 
reticulum immediately around the centrosome are often radially arranged. 

Two other groups of bodies are of general occurrence in animal cells, viz. (a) chondrio- 
somes and (J) the retioiilar apparatus of Golgi. 

The chondriosomes, first described in germ-cells undergoing development into sperm- 
atozoa, assume the form 'of small rods, granules or filaments (mitochondria). They arc 
soluble in ether and dilute acetic acid, can be stained by iron-hsematoxylin and other dyes, 
and are darkened by osmic acid. When the cell divides they are distributed between the 
two daughter cells. 

The reticular apparatus of Golgi, first described in nerve-cells, consists of a network or 
a group of granules or rods (QoT^i bodies) in the neighbourhood of the nucleus or of the 
centrosome. These bodies are blackened by osmic acid, and are best displayed by Golgi’s 
silver-method. During cell-division the reticular apparatus divides into rods or particles 
which are distributed between the two daughter cells. 

Reproduction of cells is effected either by direct or by indirect division. 

In direct division (amitosis) the nucleus becomes constricted in the middle, 
assuming an hour-glass shape, and then divides into two. This is followed by a 
cleavage or division of the whole protoplasmic mass of the cell ; and thus two 
daughter cells are formed, each containing a nucleus. The daughter cells are 
at first smaller than the original mother cell ; but they grow, and the process 
may be repeated in them, so that multiplication may take place rapidly. Direct 
division is said to occur in leucocytes and bone-cells, and in the epithelial cells 
lining the urinary bladder. 

Indirect division or karyohinesis (mitosis) is the common method of division 
in the higher animals, and the process is characterised by a series of complex 
changes in the nucleus, leading to its subdivision ; this is followed by cleavage 
of the cell-protoplasm. Starting with the nucleus in the quiescent or resting 
condition, these changes may be grouped briefly under the four following 
stages (fig. 2) : 

1. Prophase. — ^The chromatin network of the nucleus becomes resolved into 
a ninnber of wavy filaments, termed chromosomes, each of which, at the time 
of its appearance, already consists of two chromatids or daughter chromosomes 
lylpg side by side. The number of chromosomes varies widely in different 
animals but is constant for all the somatic cells in animals of any given species. 
In man, according to von Winiwarter, the number is forty-eight, of which half 



THE ANIMAL CELL 


3 


are maternal in origin, and half paternal. Coincident with, or preceding, the 
definition of the chromosomes, the centrosome divides and the two resulting 
centrosomes move away from each other-^'one towards either extremity of the 
nucleus. As they separate, they are seen to he connected by a spindle of delicate 
achromatic fibrils, termed the achromatic spindle, which elongates proportion- 
ately to the separation of the centrosomes. An imaginary line enclosing the 
spindle midway between its extremities, or poles, is named the equator. 

2. Metaphase . — ^The chromosomes, which have become shorter and irregu- 
larly V-shaped, arrange themselves around the equator, each with the apex of 
the V pointing to the centre of the spindle and linked with one of its fibrils * 
(fig. 2). This arrangement is termed the equatorial plate, and, when viewed 
from either pole of the spindle, the plate presents the appearance of an aster. 

Fig. 2. — A dia^am showing the changes which occur in the centrosome 
and nucleus of a cell in the process of mitotic division. 



I and II, Prophase ; III, Metaphase ; IV and V, Anaphase ; VI, Telophase. 


3. Anaphase . — ^The two constituent daughter chromosomes of each chromo- 
some separate and travel in opposite directions along the fibrils of the achro- 
matic spindle to group themselves around the centrosomes. Each group con- 
tains the same number of daughter chromosomes as there were chromosomes 
in the equatorial plate, and of these one-half are maternal in origin and one-half 
paternal. 

4. Telophase . — The daughter chromosomes lose their identity and the chro- 
matin network, which is characteristic of the resting nucleus, is formed. The 
nuclear membrane and the nucleolus are differentiated and the ceU-protoplasm 
undergoes constriction around the equator of the achromatic spindle. The 
constriction deepens and the original cell is gradually divided. 


* The changes which the chromosomes undergo in this and in the succeeding stages are 
exceedingly complicated and a full description would be out of place in this text-book. A 
detailed account of the present state of our knowledge on the subject will be found in Recent 
Advances in Cytology, by C. D. Darlington, London, 1937. 
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Homotypical and heterot 3 rpical mitosis. — In all somatic cells the process of 
indirect cell-division conforms to the type described above, and is called 
homotypical. On its completion the nucleus of each daughter cell has as many 
chromosomes as were present in the nucleus of the mother cell. 

During the maturation of a primary oocyte (p. 46) and also during the sub- 
division of a primary spermatocyte into spermatids (p. 49) only two consecutive 
divisions occur, and the nucleus of each of the four resulting cells has only half 
as many chromosomes as were present in that of the primary oocyte or spermat- 
ocyte. The reduction occurs during the first division, which is named a 
heterotypical or reduction division. The second division is homotypical. 


THE TISSUES OF THE BODY 

As development proceeds, groups of cells become differentiated from one 
another and four basic tissues are formed, viz. (1) epithelium, (2) connective 
tissue, (3) muscle tissue, and (4) nervous tissue. Each of these tissues possesses 
certain distinguishing features and, with the exception of nervous tissue, each 
is subdivided into a number of -varieties, which retain the essential characters 
of the parent tissue but show specialisation of one or more of its characiters. 
These tissues are built up together in varying proportions to form the organs of 
the body. 


EPITHELIUM 


Fig. 3. — Simple pavement epithelium. 



All the surfaces of the body — the external surface of the skin, the internal 
surfaces of the digestive, respiratory, and urogenital systems, the closed serous 

cavities, the inner coats of the vcbsoIs, tlie 
acini and ducts of all secreting and excreting 
glands, the ventricles of the brain and the 
central canal of the spinal cord — are covei'cd 
with one or more layers of cells, calknl 
thelium or epithelial cells. These cells H<>rvo 
various purposes. Thus, in the skin, th<* 
main purpose served by the epithelium (her(^ 
called the epidermis) is that of protection ; 
as the surface is worn away l>y the agency 
of friction new cells are supplied, and t hus 
the true skin and the vessels and nervcss 
which it contains are defendcnl from 
damage. The epithelial cells of the salivary glands, the pancreas, the gastric 
glands, and the glands of the small intestine prepare the digestive juices ; tliosc 
covering the intestinal villi are con- 
cerned with the absorption of the 
products of digestion ; those lining the 
serous cavities provide a smooth, moist 
surface. It should be noted that blood- 
vessels are absent from all epithelia. 

The constituent cells of an epithel- 
ium are always closely packed together 
and the intercellular substance is reduced 
to a minimum. The cells are arranged 
in one or more layers, usually supported 
on a basement-membrane, and united 
together by cement-substance, which 
is similar in chemical compostion to 
the matrix or ground-substance of the 
connective tissues, and has the pro- 
perty of reducing nitrate of silver. Epi- 
thelia naturally fall into two groups according to whether there is a single layer 
ol cells (simple ^epithelium), or more than one layer (stratified epithelium and 
transitional epithelium). 


Figs. 4 and r >. — Cohaniuu* epithelial ccIIh, 
from the small intestine of th<» cat, 
stained with picrocamiine. x 600. 
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Simple epithelium. — The different varieties of simple epithelium are 
squamous or pavement, columnar, and ciliated. 

Simple squamous or pavement epithelium (fig. 3) is composed of flat, nucleated 
cells of different shapes, usually polygonal, and varying in size. These cells 
fit together by their edges, like the tiles of a mosaic pavement. The nucleus is 
generally flattened, but may be spheroidal. The protoplasm of the cell may be 
fibrillated, the fibrils of adjacent cells being continuous across the intervening 
cement. This kind of epithelium forms the lining of the alveoli of the lungs. 
The epithelium which covers the serous mem- 
branes, and which lines the heart, blood-vessels Fig. 6.- 
and lymphatics, is also of the pavement type. 

It is, however, derived from the mesoderm and R 
is usually termed endothelium^ though some | i 

authorities make use of the term mesothelium i \ 

with reference to the lining of serous cavities. / 1 

Columnar or cylindrical epithelium (fig. 4) i < / 
consists of cylindrical or rod-shaped cells set 
together so as to form a complete layer, re- 
sembling, when viewed in pro^e, a palisade. 

The cells have a prismatic figure, owing to mut- 1^^ 
ual pressure, and are set upright on the surface 
which supports them. The cell-protoplasm is Wm 
always more or less reticulated ; the nucleus 
is oval in shape and contains an intranuclear 
network ; the centriole is double and lies near M 
the surface of the cell. In the columnar epi- 1 
thelium of the intestinal villi, the free border 
of each cell shows a refractive cap, which exhibits well-defined vertical striations. 
Columnar epithelium lines nearly the whole gastro-intestinal tract and its 
glands the greater part of the male urethra, the vas deferens, the tubules and 
ducts of the prostate, the bulbo-urethral glands and the vestibular glands. 
In a modified form it also covers the ovary. 

Ooblet- or chalice-cells are modified columnar cells. Each appears to be 
formed by an alteration in shape of a columnar cell (ciliated or otherwise) 
consequent on the formation in the interior of the cell of granules which consist 
of a substance called mucinogen. This distends the upper part of the cell, and 
presses the nucleus down towards its deep part, until the cell bursts and the 


•Goblet cells of a frog. 
x500. 



Fig. 7. — Isolated liver-cells of a rabbit Fig. 8. — Ciliated epithelium from the 
(dissociated), x 500. trachea of a kitten, x 255. 



mucus is discharged on to the surface of the mucous membrane (fig. 8), the cell 
then assuming the shape of an open cup or chalice. A double centriole is found 
in the mucin-containing part of the goblet-cell. Cells of this kind are especie^lly 
numerous in the mucous membrane of the stomach, and in the glands of the 
large intestine ; they also occur in the epithelial covering of the villi of the small 
intestine and in that lining the respiratory tract (fig. 8). 

The epithelium of glands is usually columnar, but in some the cells are 
cubical in shape, in others they are polyhedral. The protoplasm shows a fine 
reticulum, which gives to the cells a granular appearance (fig. 7). Besides 
these protoplasmic ' granules,' gland-ceUs usually contain true granules which 
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are the products of their own activity. These are in many cases zymogenic 
in nature, that is, they are, or contain, the precursors of enzymes or ferments. 
Ciliated epithelium (fig. 8) is generally columnar in shape. It is clistitiguished 
by the presence of minute processes, reseml)Iing eye- 
Fig. 9.— a ciliated cell lashes (cilia), standing up from the free surface. The 
(semidiagrammatic). cilia (fig. 9), at their points of attachment to the 
free border of the cell, possess small nodular en- 
largements (basal knobs of Engeimann) ; from these 
knobs fine beaded filaments extend through the cell, 
and converge to a point near the fixed extremity. The 
basal knobs or particles have been supposed to lie 
formed by division of the centriole. If the cells are 
examined during life or immediately on removal 
from the living body (for which in the human sub- 
ject the removal of a nasal polypus offers a convenient 
opportunity) in a weak solution of salt, tlie cilia will 
be seen in lashing motion ; and if the cells are separ- 
ated, they will often be seen to be moved about in the 
field by this ciliary action. 

Ciliated epithelium lines the respiratory tract from 
the nose downwards to the smallest ramifications of 
the bronchial tubes (except in the lower part of the 
pharynx and on the surfaces of the vocal folds) ; the 
tympanic cavity and pharyngotympani(j (auditory) 
tube ; the uterine tube and the cavity of the body 
of the uterus ; the efferent ductules of the testis, 
the lobules of the epididymis and the first part of the 
vas deferens ; the ventricles of the brain and the central canal of the sj>inal 
cord. 

Stratified epithelium (figs. 10 and 11) consists of several layers of cells. 
The cells vary greatly in shape ; those of the deepest layer ar<i for the most 
part columnar, and are placed vertically on the basement-membrane ; 
ficial to these the succeeding layers consist of polyhedral colls, which become 
more and more compressed as they approach the surface ; the most sup<srfi<nal 
cells are found to consist of flattened scales (fig. 10), which overlap one another 
so as to present an imbricated appearance. The epithelium of the skin is 
peculiar in that it shows distinct layers. The 

deep layer consists of columnar and polyhedral 10.— HquanKniB 
cells as in stratified squamous epithelium generally t^pithMaun frort» the cenapha- 
(stratum germinativum) In the next layer, or h mul 'Z"n. 

stratum granulosum, the cells are fusiform in 
section, and contain granules of a substance called 
eleidin. The third layer, or stratum lucidum, con- 
sists of cells in which the eleidin has undergone a 
transformation into a substance called heratohya- 
lin ; and the cells of the most superficial layer 
(stratum corneum) are completely converted into 
a horny material, known as keratin (fig. 11). 

The cells of the deeper layers of stratified 
squamous epithelium are called 'prickle-cells ; they 
are not closely joined together by cement-sub- 
stance, but are separated from each other by in- 
tercellular channels, between which protoplasmic 
bridges containing fine fibrils connect the adjacent cells with each other. 
When a cell is isolated, it appears to be covered over with a number of short 
spines, in consequence of the bridges being broken through. 

Stratified epithelium is found in the skin, in the conjunctiva, on the anterior 
surface of the cornea, and in the mucous membrane of the mouth, lower part of 
the pharjmx, oesophagus, vagina and part of the cervix uteri. 

^ Transitional epithelium occurs in the ureters and urinary bladder. Here 
the cells of the most superficial layer are large and flattened, with depressions 
on them under surfaces to fit on to the rounded ends of the cells of the second 
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layer, which are pear-shaped, the apices touching the basement-membrane. 
Between the tapering points of the cells of the second layer is a third variety 
of cells of smaller size than those of the other two layers (fig. 12). In the dis- 
tended condition of the bladder the superficial cells are more flattened, and the 

Fig. 11. — A section througli the epidermis of the skin of the sole of the foot, stained 
with hsematoxylin and van Gieson’s stain, x 250. 



pear-shaped cells are shorter and broader than they are when the bladder is 
contracted. 

Pigment. — Pigment is found in various parts of the body ; it occurs most 
frequently in epithelial cells and in the 
cells of connective tissue. Pigmented ejpi- 
thelial cells form the external layer of the 
retina, and are present on the posterior 
surface of the iris, in the olfactory region 
of the nose, in the membranous labyrinth 
of the ear, in the deeper layers of the 
cuticle, and in the hairs. ‘ Pigment is 
abundantly present in the skin of the 
coloured races, but in the skin of white 
races it is well-marked only in the areolae 
round the mammary papillae and in ir- 
regular coloured patches. 

THE CONNECTIVE TISSUES 

Connective tissues are derived from the 
mesenchyme, and include a number of 
tissues which have a passive function, that 
of binding together or supporting the 
functionally active structures. They differ considerably from each other in 
appearance, but present many points of relationship. In contrast to the 
epithelia the formed matter of the connective tissues lies between and not in 
the cells. 

In a connective tissue the 'parent cells are separated more or less 'widely from 
one another by a homogeneo'us 'matrix or ground substance, in 'which fibres 'may 
or may not be present. The most generalised form of connective tissue is termed 
areolar tissue and in it the constituent cells are separated by a semi-fluid matrix 
in which both white connective tissue and yellow elastic fibres are found 


Fig. 12. — ^Transitional epithelium from 
urinary bladder. (Human.) Stained 
with haBmatoxylin and eosin. 
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(fig. 13). As contrasted with, this generalised form, specialised forms occur in 
which (a) the cells, or (b) the matrix, show difierentiatiiig characters, lu 
adipose, tissue, the constituent cells are modified to enable theixx to contain 
droplets of oil ; in white fibrous and yelloio elastic tissue, it is the fibres which 
predominate ; in cartilage and boue^ the matrix has been rendered solid, whereas 
in blood and lymph the cells show special features and the matrix is fluid in 
character. 

Areolar tissue (fig. 13) is so called because, when artificially distended with 
air or fluid, it exhibits intercommunicating areolae or spaces. It is extensively 
distributed and its chief use is to bind parts together, though allowing, in virtue 
of its extensibility and elasticity, a considerable amount of movement to take 
place. It occurs as subcutaneous tissue, as the submucous coat in the digestive 
tract, and as subserous tissue. It is also found between muscles, vessels, and 
nerves, forming investing sheaths for them, and connecting them with sur- 
rounding structures. It is present in the interior of organs, binding together 

Fio. 13. — Subcutaneous areolar tissue from a rabbit. Highly magriifiod. 



the lobes and lobules of the copipound glands, the various coats of the hollow 
viscera, and the fibres of muscles and nerves. 

When areolar tissue is stretched it is seen to be made up of soft elastic; 
threads, resembling spun silk, and interlacing in all directions. A thin layer, 
examined under the microscope, shows fibres and cells, imbedded in a homo- 
geneous ground-substance or matrix. 

The fibres form an irregular meshwork, and are of two kinds — white and 
yellow. The white fibres are exceedingly fine ; they are colourless, homogeneous 
and transparent, and are arranged parallel with each other in bundles whicli 
have a wavy course. The individual fibres do not branch, but small bundles 
of them may leave one large bundle to join another. The yellow or ekisHc fibres 
have well-defined outlines and are usually somewhat larger than the white 
fibres. They are pale yellow in colour and homogeneous in appearance. They 
run a comparatively straight course, branch and join up freely with each other. 
When they are bpken across, the ends tend to curl up. They differ from the 
white fibres also in their staming reactions ; they stain a dark red colour with 
orcein. 

The cells of areolar tissue are of four principal kinds : (1) Flattened lamellar 
cells, which may be branched or unbranched. The branched lamellar cells are 
composed of clear protoplasm, with few granules, and contain oval nuclei ; 
their processes may unite with those of neighbouring cells, so as to form a 
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in the cornea. Occasionally a ceU may be found which shows 
fibrillation of its protoplasm. Some observers believe such a condition to be a 
stage in the formation of the white fibres. The unbranched cells are joined 
edge to edge like the cells of an epithefium ; the flattened cells lining the serous 
cavities are examples of this variety. (2) Clccsmatocytes are large irregular cells 
characterised by the presence of granules or vacuoles in their protoplasm, and 
containing oval nuclei. (3) Granule-cells are ovoid or spheroidal in shape and 
contain basiphil granules. (4) Plasma-cells of Waldeyer are usually spheroidal 
in shape and distinguished by containing a vacuolated protoplasm ; the vacuoles 
are filled with fluid, and the protoplasm between them is clear, with occasionally 
a few scattered basiphil granules. 

In addition to these four types of cells, areolar tissue may contain wandering 
cells y i.e. leucocytes 'which have emi^ated from the neighbouring vessels ; in 
some instances, as in the choroid coat of the eye, cells filled with granules of 
pigment {figment-cells) are found (p. 13). 


Fio. 14. — ^Areolar tissue of a rabbit, silvered, x 225. 
Ground-substance stained, cell-spaces unstained. 



The cells lie in spaces in the ground-substance between the bundles of fibres, 
and these spaces may be brought into view by treating the tissue with nitrate of 
silver and exposing it to the light ; this will colour the ground-substance and 
leave the cell-spaces unstained (fig. 14). 

Adipose tissue. — In almost all parts of the body areolar tissue contains a 
variable quantity of adipose tissue or fat. The principal situations where it is 
not found are the subcutaneous tissue of the eyelids, of the penis and scrotum, 
and of the labia minora ; within the cavity of the cranium ; and in the lungs, 
except near their roots. The distribution of adipose tissue is not uniform ; in 
some parts it is in great abundance, as in the subcutaneous tissue, especially 
of the abdomen, around the kidneys, and in the mesentery and omentum. 
Lastly, fat enters largely into the formation of the marrow of bones. 

Adipose tissue consists of fat-cells, lodged in the meshes of areolar tissue. 
Pat-ceUs (fig. 15) vary in size, the average diameter being about 50fo ; each 
consists of an exceedingly delicate protoplasmic membrane, filled with fatty 
substance, which is liquid during life, but solidifies after death. They are round 
or spherical where they are not subjected to pressure ; otherwise they are more 
or less polygonal. A nucleus is always present under the cell-membrane and 
can be demonstrated by staining with haematoxylin ; in the natural condition 
o.A. a2 
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it is so compressed by the contained oily matter as to be scarcely recognisable. 
The fat-cells are held together mainly by the network of capillary blood-vessels 
which is distributed to them. 


Fia. 15. — Adipose tissue, from the omentum. Stained with Sudan III. and 
haematoxylin. x 350. 


Small blood-teml 
Fat-cell 

Nucleus of fat-cell 



Chemically the oily material is composed of olein, palmitin, and stearin, 
which are glyceryl esters of fatty acids. Sometimes fat-crystals form in the 
cells after death. By boiling the tissue in ether or strong alcohol, the fat may 

be extracted from the cells, whiclx 


Fig. 16. — Development of fat. 
(Klein and Noble Smith) 



a. Minute artery, v. Minute vein. e. Capillary 
blood-vessels in the course of formation ; they are not 
yet completely hollowed put, there being still left In 
them protoplasmic septa, d. The ground-substance, 
containing numerous nucleated cells, some of which are 
more 'distinctly branched and flattened than others, and 
appear therefore more spindle-shaped. 


are left empty and shrunken. 

Fat first appears in the human 
embryo about the fourteenth 
week. The fat-cells are formed 
by the transformation of con- 
nective tissue cells. Small drop- 
lets of oil are formed in the pro- 
toplasm, and these coalesce to 
produce a larger drop, which in- 
creases until it distends the cell, 
the remaining protoplasm and the 
nucleus being displaced towards 
the periphery (fig. 16). 

White fibrous tissue is a true 
connecting structure which de- 
velops in situations where strength 
is required without rigidity or 
elasticity. It serves three pur- 
poses in the animal economy. 
In the form of ligaments it binds 
bones together ; in the form of 


tendons it connects muscles with 


bones or other structures ; it constitutes investing or protecting membranes to 
various organs. Examples of such membranes are to be found in the fascise 
or sheaths of the muscles, the periosteum, and the perichondrium ; the cap- 
sules of the various glands ; the investing sheaths of the nerves (perineurium) 
and of various organs, such as the penis and the eye. 
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In white fibrous tissue, as its name implies, the white fibres (fig. 17) pre- 
dominate ; the matrix is apparent only as a cement-substance, yellow elastic 
fibres are comparatively few, while the tissue- cells are arranged in a special 
manner. It presents to the naked eye a silvery white, glistening appearance ; 
it is devoid of elasticity, and has only the very slightest extensibility ; it is 

Fic. 17. — ^White fibres. x350. 

Fig. 18. — Tendon of a rat’s tail, stained 
with gold chloride, showing chains 
of cells between the tendon-bundles. 
x250. 


exceedingly strong, so that upon the application of any external violence, a 
bone with which it is connected may fracture before the fibrous tissue gives 
way. In ligaments and tendons the bundles of fibres run. parallel with each 
other ; in membranes they intersect one another. The cells found in white 
fibrous tissue are often called ‘ tendon-ceUs.’ They are situated on the surfaces 
of groups of fibres, and are arranged in rows, each cell being separated from its 




Fig. 19. — A transverse section through a tendon of a rat. x 120. 



neighbours by a narrow line of cement-substance. The nucleus is generally 
situated at one end of the cell, the nucleus of the adjoining cell being in close 
proximity to it (fig. 18). The tendon-cells have wing-like processes which pass 
between the bundles of fibres, giving a stellate appearance in transverse section 
(fig. 19). When viewed from this side, the cell with its wings is quadrangular, 
and there may be the appearance of a vertical line on the body of the cell owing 
to the projection of a wing towards the eye of the observer (fig. 18). Upon the 
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addition of acetic acid, white fibrous tissue swells up into a glassy-looking indis- 
tinguishable mass. When boiled in water it is converted almost completely 
into gelatin, the white fibres being composed of collagen, which is regarded as 
the anhydride of gelatin. 

Yellow elastic tissue. — In certain parts of the body a tissue is found which 
is of a yellowish colour, and possessed of great elasticity. It is capable of con- 
siderable extension, and 
when the extending force 
is withdrawn returns at 
once to its original condi- 
tion. This is yellow elastic 
tissue; it may be regarded 
as a connective tissue in 
which the yellow elastic 
fibres have developed to the 
practical exclusion of the 
other elements. It is found 
in the ligamenta flava, in 
the vocal folds and the 
crico-vocalmembrane (con- 
us elasticus), in the mucous 
membrane of the trachea 
and bronchi, in the walls of 
the pulmonary air- vesicles, 
in the coats of the blood-vessels, especially the larger arteries, and to a very 
considerable extent in the thyrohyoid and stylohyoid ligaments. It is also found 
in the ligamentum nuchse of the lower animals (fig. 20), Where the fibres are 


Fig. 20. — ^Ligamentum nuehse of the ox, stained 
with picrocarmine. x 280. 



a 

a. Longitudinal section. 
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b. Transverse section. 


Fig. 21.--i-Retiform and lymphoid tissue from a lymph-gland, stained with 
picrocarmine. x 256. 

Itetiform tissue 



large md the ne^ork close, the tissue presents the appearanoe of a 
SSs ^ perfections corresponding with the inte^ening spai. 

iius IS found mthe inner coat of the arteries, and to it the nB.Tr»> ©f fenJtrcOed 

aSr^d YeUow elastic fibres rematoSSw 

cefac acid , chemically they are composed of the sclero-proteiii known as dastin 

Urttfomi «■ rrt.eifl« (fig. 21) is M sUeiiiTOl "iT^y 
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the body, constituting the framework of some organs and entering into the 
construction of many mucous membranes. It is a variety of connective tissue in 
which the intercellular or ground-substance is, in a great measure, replaced by 
fluid. It is composed almost entirely of extremely fine bundles of white fibrous 
tissue, forming an intricate meshwork, and chemically it yields gelatin on boiling. 
The fibres are covered and concealed in places by flattened branched connec- 
tive tissue-cells. In many situations the interstices of the network are 
filled with rounded lymph-corpuscles, and the tissue is then termed lymphoid 
tissue. 

Mucoid tissue is a foetal or embryonic type of connective tissue, found chiefly 
as a stage in the development of connective tissue. It exists in the V jelly of 

Fig, 22.— -Mucoid tissue from the umbiJical cord of a human foetus of four months, 
stained with haematoxylin and eosin. x 255. 



Wharton,’ which forms the bulk of the umbilical cord, and consists of a matrix, 
largely made up of mucin, in which nucleated cells with branching and anasto- 
mosing processes are found (fig. 22). Eew fibres are seen in typical mucoid 
tissue, though at birth the umbilical cord shows a considerable development of 
fibres ; after birth it is still to be seen in the pulp of a developing tooth. In 
the adult the vitreous body of the eye is a persistent form of mucoid tissue, in 
which the fibres and cells are very few in number. 

Pigmented connective tissue-cells are frequently met with in the lower verte- 
brates. In man they are found in the choroid coat of the eye (fig. 23), and in 
the iris of aU but the light blue eyes and the albino. The cells are usually 
large and branched, and are filled with brown or black granules, consisting of 
melanin. In the retina the processes of the cells extend between the rods and 
cones ; when the eye is exposed to light the pigment-granules extend into these 
processes, and under the influence of darkness they are withdrawn into the body 
of the cell. 

The pigment-granules are of very small size and are closely packed within 
the cells, but do not invade the nuclei. Occasionally they are yellow, and when 
occurring in the cells of the cuticle constitute * freckles.’ In the retina another 
variety of pigment occurs, known as rhodopsin or visvxil purple, which is bleached 
on exposure to light. 

Applied Anatomy . — Congenital absence of pigment from the skin and other tissues 
constitutes the condition known as albinism. Localised patches of skin from which pigment 
is absent are found in leuooderma ; linear white streaks may result from old soars or from 
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overdistension of the skin, particularly that over the abdomen following pregnancy or 
ascites. A congenital excessive pigmentation may he general, or may occur lotsally in the 
form of dark brown or black njevi (moles). Pigmented patches occasionally follow the 
continued action of local irritants, and a general swarthiness may result from exct^ssivo 
exposure to the sun, particularly in association with uncleanliness (vagabondinismua). A 
rare form of general pigmentation ensues on the prolonged administration of salts of silver 
or of arsenic. Disorders of the endocrine organs may be associated with much discoloration 
of the skin ; this is particularly noticeable in Addison’s disease (suprarenal glands) where 
the pigmentation occurs mostly on the face, exposed parts of the neck, backs of hands, 
axillary and umbiheal regions, genital organs, and medial surfaces of the thighs, but invades 
also the buccal and lingual mucous membranes. In pregnancy and in some uterine dis- 
orders patches of discoloration may be seen round the nipples, over the linea alba, and on 
the face. Many chronic wasting diseases are accompanied by peculiar colorations of the 
skin, notably cancer and phthisis ; in the latter there may be much deepening of the tint 
over the zygomatic bones and round the orbits. 

Basement-membranes consist of thin sheets of modified connective tissue, 
and are found underlying layers of epithelial cells, for example, in mucous 
membranes and secreting glands. They may be formed of cells or of condensecl 
ground-substance. In the former case, flattened cells, which are modified 


Fig. 23. — Pigmented connective tissue cells. 



connective tissue corpuscles, are united by their edges by means of cjement- 
substance, which can be demonstrated by staining with silver nitrate ; if the 
cells are unhranched, the membrane is continuous ; if they are branched, the 
processes are united, and the membrane is fenestrated. The basement-mem- 
brane underlying the epithelium on the anterior surface of the cornea is com- 
posed of ground-substance. 

Vessels and nerves of connective tissue. — ^The blood-vessels of connective tissue 
are very few—that is to say, few are supplied to the tissue itself, although 
paany caraying blood to other structures may permeate one of its forms, viz* 
areolar tissue. In white fibrous tissue the blood-vessels usually nm parallel to 
and between the longitudinal bundles, sending communicatmg branches across 
the bundles ; in some forms, as in the periosteum and dura mater, they are 

elastic tissue the blood-vessels also run between 
me notes. LympMUc vesseU are very numerous in most forms of connective 
i ^ ar^lar tissue beneath the skin and the mucous and serous 

fls in fhl + are also found in abundance in the sheaths of tendons, as well 
themselves. Nerves are found in white fibrous tissue, where 

^ even^ they have not yet been demoiJLrated, and the 
tissue is possessed of very httle sensibility. 
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Cartilage is a variety of coimective tissue in which the ground-substance 
has become solidified. It is a non- vascular structure found in various parts 
of the body — ^in the joints, parietes of the thorax, trachea, bronchi, nose, and 
ears — ^where it is necessary to have rigidity and strength combined with a 
certain degree of elasticity. In the foetus, at an early period, the greater part 
of the skeleton is cartilaginous ; as this cartilage is afterwards replaced by bone, 
it is called iJempomrt/, in contradistinction to that which remains unossified and 
is called j^ermanent. 

Cartilage is divided, according to its minute structure, into hyaline cartilage, 
white fibrocartilage, and yellow or elastic fibrocartilage. Besides these varieties 
met with in the adult human subject, there is a variety called cellular cartilage, 
formed entirely, or almost entirely, of cells, separated from each other by their 
capsules only, which are extremely well marked in this kind of cartilage. 
Cellular cartilage is found in the external ears of rats, mice, and some other 
animals, and it also forms a stage in the development of cartilage in human 
embryonic life. 

Fig. 24. — Cartilage-ceUs in the costal cartilage of a kitten, stained with 
picrocarmine. x 350. 


Cartilage-cell containing fat 



Hyaline cartilage has a pearly bluish colour and consists of a gristly mass of a 
firm consistence, but of considerable elasticity. Except where it coats the artic- 
ular ends of bones it is covered by a fibrous membrane, named the perichondrium, 
from the vessels of which it imbibes its nutritive fluids, being itself destitute of 
blood-vessels. It contains no nerves. If a thin slice be examined under the 
microscope, it is seen to consist of cells of a rounded or bluntly angular form, 
lying in spaces in a granular or almost homogeneous matrix (fig. 24). The cells 
are frequently arranged in groups of two or more, and, when this is so, they have 
generally straight outlines where they are in contact with each other, but are 
rounded in the rest of their circumference. They consist of clear translucent 
protoplasm in which fine-' interlacing fiOiaments and minute granules are some- 
times present ; one or two round nuclei, having the usual intranuclear network, 
are imbedded in the protoplasm. 

The matrix is transparent and apparently without structure, or else presents 
a dimly granular appearance, like ground glass. The portion immediately sur- 
rounding each cell-space is often well-defined, and is further characterised by 
its affinity iov basic dyes. It is known as the capsule of the space. The matrix 
of hyaline cartilage, and especially that of the articular variety, can be broken 
up into fine fibrils after prolonged maceration. These fibrils are probably of the 
same nature, chemically, as the white fibres of connective tissue. It is believed 
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by some histologists that the matrix is permeated by a number of fine channels 
which connect the cell-spaces with each other and with the lymphatics of the peri- 
chondrium, and that in this way nutrient fluid obtains access to the cartilage-cells. 
Costal cartilage, temporary cartilage and most of the articular cartilage are of 

the hyaline variety, but they pre- 

Fig. 25. — A vertical section through the 
lower end of the ulna of a human foetus. 

Se midiagra mmatic. 


Superficial flattened cells 


sent differences in the size, shape, 
and arrangement of their cells. 

Articular hyaline cartilage (fig. 
25) shows no tendency to ossifica- 
tion ; its matrix is finely granular, 
and its cells are flattened and dis- 
posed parallel to the surface in the 
superficial part of the cartilage, 
while nearer to the bone they are 
oval and are arranged in vertical 
rows. It has a tendency to split in 
a vertical direction. Its free sur- 
face is not covered by perichond- 
rium, but the synovial membrane 
can be traced over a small part of 
its circumference, and here the 
cartilage-cells are more or less 
branched and pass insensibly into 
the branched connective tissue cells 
of the synovial membrane. It 
forms a thin layer upon the joint- 
surfaces of the bones, and its elas- 
ticity enables it to break the force of 
concussions, while its smoothness 
gives ease and freedom of move- 
ment. It varies in thickness accord- 
ing to the shape of the articular surface on which it lies ; where this is convex 
the cartilage is thickest at the centre, the reverse being the case on concave 
articular surfaces. The free surface of the cartilage is constimtly being worn 
away throughout life owing to the 

Fio. 26. — Costal cartilago from a man sov't^nty- 
six years of age, showing the development of 



Vertical rows of cells 


Calcified matrix 


Bone 


joint movements, and this wastage 
necessitates continuous maintenance 
growth. In the child mitosis is the 
normal method of cell division, 
but at an early age amitotic figures 
can be observed and in the adult 
amitosis is the sole mechanism 
responsible for growth.* Articular 
cartilage appears to derive its nutri- 
ment partly from the vessels of the 
synovial membrane, partly jfrom 
those of the bone upon which it is 
implanted, and possibly firom the 
s3m.ovial fluid. The minute vessels 
of the spongy bone dilate and form 
arches as they approach the articular 
lameUa, and then return into the 
substance of the hone. 

In costal cartilage the cells and 
nuclei are large, and the matrix, 
which is usually homogeneous and 
transparent, has a tendency to fibrous 
striation, especially in old age (fig. 26). 


fibrous structure in tho matrix. In Hwvoral 
portions of tho specimen two or gonera- 

tions of cells seen enctlostxl in a parent 
cell-wall. Highly magnifiod. 





In the thickest parts of the costal oart- 


's ^ -—*-’.7 This appears, at first sifirht, 

to be an exception to the statement that cartilage is non-vascular, but is not so 

H. C. Elliott, Studies on Artioulaj* Cartilage,” American J oumal of Anatomy, vol. 6S, 1 936. 
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in reality, for the vessels give no branches to the cartilage itself, and the channels 
may rather be looked upon as involutions of the perichondrium. The xiphoid 
process of the stepium and the cartilages of the nose, larynx, and trachea 
(except the epiglottis and cornioulate cartilages of the larynx, which are com- 
posed of elastic fibrocartilage) resemble the costal cartilages in microscopical 
characteristics. The arytenoid cartilage of the larynx shows a transition from 
hyaline cartilage at its base to elastic cartilage at the apex. 

The hyaline cartilages, especially in adult and advanced life, are prone to 
calcify — ^that is to say, their matrix becomes permeated by calcium salts. Cal- 
cification occurs frequently in the costal cartilages, and in the cartilages of the 
trachea, and may be succeeded by ossification. 

White fibrocartilage consists of white fibrous tissue arranged in bundles, 
with cartilage-cells between the bundles ; the cells are roughly ovoid in shape, 
and are surrounded by concentrically striated areas of cartilage-matrix (fig. 27). 
The white fibrocartilages admit of arrangement into five groups — ^interartioular, 
connecting, circumferential, stratiform and articular. 

Fig. 27. — ^White fibrocartilage from the intervertebral disc of a sheep, 
stained with borax-carmine, x 300. 



1. The interartioular fibrocartilages are flattened fibrocartilaginous plates, of 
a round, oval, triangular, or sickle-like form, interposed between the articular 
cartilages of certain joints ; the synovial membrane of the joint covers their 
free surfaces, where they are not exposed to pressure. They are found in the 
mandibular, sternoclavicular, acromioclavicular, wrist- and knee-joints. They 
serve to obliterate the intervals between opposed surfaces in their various 
motions and to adapt articular surfaces to one another.* 

2. The connecting fibrocartilages are interposed between the bony surfaces 
of those joints which admit of only shght mobility, as between the bodies of the 
vertebrae. They form discs which are closely adherent to the opposed surfaces. 
Each disc is composed of concentric layers of white fibrous tissue, with carti- 
laginous laminae interposed, the former tissue predominating towards the cir- 
cumference, the latter towards the centre. 

3. The circumferential fibrocartilages consist of rims of fibrocartilage which 
surround the margins of some of the articular cavities, e.g. the glenoidal labrum 
of the shoulder-joint and the acetabular labrum of the hip-joint ; they serve 
to deepen the articular cavities and to protect their edges. 

* See also p, 427, 
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4. The strcitifoTm fihTocartildges forni thin coatings to osseous grooves 
through which the tendons of certain muscles glide. 

Small masses of fibrocartilage are also developed in the tendons of some 
muscles, where they glide over bones, as in the tendons of the peroneous longus 

and tibiahs posterior. i • i -r • 

5. Articular fibrocartilage covers the articular ends of bones which ossity in 
membrane. In the floor of the articular fossa of the temporal bone the covering 
consists mainly of white connective tissue fibres, and the cartilage- cells are few 

in number. . , . i-i 

Yellow or elastic fibrocartilage is found in the ears, the cormculate cartilages 
of the larynx, and the epiglottis. It consists of cartilage- cells and a matrix, 
the latter being pervaded by a network of yellow elastic fibres, branching and 
anastomosing in all directions, except immediately around the cells, where there 
is a variable amount of hyaline substance (fig. 28). The fibres resemble those 


Fig. 28. — ^Yellow or elastic fibrocartilage from the oar of a sheep, stainocl 

with orcein. 



of yeUow elastic tissue, not only in appearance, and in being unaffected by 
acetic acid, but also in their affinity for orcein ; according to Itellett their 
continuity with the elastic fibres of the neighbouring tissue is demonstrable. 

The distinguishing feature of cartilage, chemically, is that on l)oiling it 
yields a substance called chondrirh, a mixture of gelatin with mucinoid sul)- 
stances, chief among which is a compound termed chondromucoid. 


BONE 

Structure and physical properties. — Bone is a variety of connective tissue 
which is characterised by the presence of certain inorganic salts in its ground 
substance. It is one of the hardest structures of the animal body, although it 
possesses also a certain degree of toughness and elasticity. Its colour, in a 
fresh state, is pinkish white externally, and deep red within. In section it is 
seen to be composed of two kinds of tissue, one of which is dense in texture, 
like ivory, and is termed substantia compacta ; the other consists of slender 
fibres and lamellse, which join to form a reticular structure, and is called mb- 
stantia sportgiosa. The compact substance is always placed on the exterior of 
the bone, the spongy in the interior (fig. 263). The relative quantities of these 
vary in different bones and in different parts of the same bone, according as 
strength or lightness is requisite. Close examination of the compact substance 
shows it to he extremely porous, so that the difference between it and the 
spongy substance depends merely upon the relative amount of solid matter 
and the size and number of spaces in each ; in the compact substance the 
spaces are small and the solid matter abundant, while in the spongy substance 
the spaces are large and the solid inatter small in quantity. 
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During life bone is permeated by vessels, and enclosed, except where it is 
coated with articular cartilage, in a fibrous membrane termed the periosteum, by 
means of which many of these vessels reach the bone. If the periosteum be 
stripped from the surface of the living bone, small bleeding points are seen which 
mark the entrance of the periosteal vessels ; and on section every part of the 
bone exudes blood from the minute vessels which ramify in it. In the interior 
of the long bones of the limbs there is a cylindrical cavity (cavum medullare) 
filled with medulla ossium or marrow, and lined with a membrane composed of 
highly vascular areolar tissue, called the endosteum. 

The periosteum adheres to the surfaces of the bones but it is absent from 
the cartilage covering their articular surfaces. When strong tendons or liga- 
ments are attached to a bone, the periosteum is incorporated with them. It 
consists of two layers closely united together, the outer formed chiefly of white 
fibrous tissue, contaim'ng occasionally a few fat-cells ; the inner, of elastic fibres 
of the finer kind, forming dense membranous networks, which can again be 
separated into several layers. In young bones the periosteum is thick and very 
vascular, and is separated from the bone by a layer of soft osteogenetic tissue, 
containing a number of granular corpuscles or ' osteoblasts,’ by which ossifica- 
tion proceeds on the exterior of the young bone. Later in life the periosteum 
is thinner and less vascular, and the osteoblasts are represented by a single 
layer of flattened cells on its deep surface. The periosteum serves as a nidus 
for the ramification of the vessels previous to their distribution in the bone ; 
hence the liability of bone to exfoliation or necrosis when denuded of this mem- 
brane by injury or disease. Fine nerves and lymphatics, which generally 
accompany the arteries, may also be demonstrated in the periosteum. 

Vessels nerves of bone. — ^The blood-vessels of bone are very numerous. 
Those of the compact substance are derived from a close network of vessels in 

Fig. 29. — transverse section through the compact substance of bone. 

Magnified. (Sharpey.) (From.Quain’s Elements of Anatomy.) 



the periosteum. Vessels pass from this network into the minute orifices in the 
compact substance, and run in the Haversian canals which traverse it. The 
spongy substance is supplied in a similar way by larger vessels, which perforate 
the outer compact substance, and are distributed to the cavities of the spongy 
portion of the bone. In the long bones, numerous apertures may be seen at the 
ends near the articular surfaces ; some of these give passage to arteries, but the 
greater number transmit veins from the spongy substance. The marrow of a 
long bone is supplied by an artery which enters the bone at the nutrient foramen 
{foramen nutricium). The nutrient artery, usually accompanied by one or two 
veins, sends branches upwards and downwards, which ramify in the endosteum, 
and give twigs to the adjoining Haversian canals. The ramifications of this 
vessel anastomose with the arteries of the spongy and compact substances. In 
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most of the flat, and in many of the short, bones there are one or more large 
apertures for the transmission of nutrient vessels. Veins emerge from the long 
bones as follows (1) one or two accompany the nutrient artery ; (2) numerous 
large and gTna.11 veins emerge near the articular extremities ; (3) many small 
veins pass out of the compact substance. In the flat cranial bones the veins 
are large and run in tortuous canals in the diploic tissue, the walls of the canals 
being formed by tbiu lamellae of bone, perforated here and there for the passage 
of branches from the adjacent diploe. The same condition is found in all spongy 
substance, the veins being enclosed and supported by osseous material, and 
having exceedingly thin coats. When a bone is divided, the vessels remain 
open, and do not contract in the canals in which they are contained. Lym- 
phatic vessels, which communicate with those in the periosteum, are found in 
the Haversian canals. Nerves are distributed freely to the periosteum, and 
accompany the nutrient arteries into the interior of the bone. They are said 
to be most numerous in the articular extremities of the long bones, in the 


Fig. 30. — longitudinal 
of the shaft of the 
xlOO. 


section 

femur. 


vertebrse, and in the larger flat bones. 

Minute anatomy. — If a thin transverse section of dense bone be examined 
with a low power of the microscope it will be seen to be mapped out into a 

number of circular districts, each consist- 
ing of a central hole surrounded by a 
number of concentric rings. These dis- 
tricts are termed Haversian systems the 
central hole is a Haversian calmly and the 
rings are lameUce of bony tissue arranged 
concentrically around the central canal. 
Between these lamellfe there are a number 
of small spaces termed lacunce, which are 
connected with each other and with the 
central Haversian canal by many fine 
radiating chaimels called camlicuU, The 
irregular intervals between these circular 
districts are occupied by inte,rstUiallQ,m&lliBi 
with their lacuna and canaliculi, running 
in various directions, but more or less 
parallel with the surface (fig, 29), Again, 
other lamellae are found on the surface of 
the bone completely encircling it ; they 
are termed circumferential or priumry 
lamellae, to distinguish them from those 
surrounding the Haversian canals, which 
are termed secondary lamellae. 

In a longitudinal section it will be seen 
that the Haversian canals run parallel with 
the long axis of the bone but branch 
and communicate at short intervals (fig. 
30). They vary considerably in sisse, but 
their average diameter is about 0*Q5 mm. 
The canals near the medullary cavity 
are larger than those near the surface of 
the bone. Bach canal usually contains a minute artery and vein, a 
small quantity of delicate connective tissue, and some nerve-filaments ; 
in the larger ones there are also lymph vessels, and cells with branching 
processes. 

The lamellcB are thin plates of bony tissue. They may be stripped off as 
thm films from a piece of bone which has been macerated in dilute mineral 
acid. If one of these fihns be examined with a high power of the microscope, 
it will be found to be composed of fine fibres identical with the white fibres 
of areolar tissue. The matrix between the fibres is impregnated with Ixme- 
salts which the acid dissolves. The fibres are arranged in bundles, and fibres 
leave the bundles of one lamella to join those of adjacent lamellse. Moreover, 
the fibres of one lamella usuafiy form an acute angle with those of the con- 
tiguous layer ; in the Haver^an systems, however, the fibres of adjacent lamellse 



a. H:a,versiaii canals. 6. Lacunae seen ftom 
the side. c. Others seen from the surface in 
lamellaB which are cut horizontally. 


BONE 


21 


run at right angles to each other. In many places the various lamellae are 
held together by tapering fibres, which run obliquely through them, pinning or 
bolting them together ; these fibres were first described by Sharpey, and were 
named by him perforatiTig fibres (fig. 31). 


Fig. 31. — The perforating fibres of a human parietal bone, decalcified. (H. Muller.) 
(From Quain’s Elements of Anatomy, vol. ii. pt. i., Microscopic Anatomy.) 



a. Perforating i9.bres in aitu ; b. Pibres drawn'Out of their sockets ; c. Sockets. 

The lacunce are oblong spaces situated between the lamellae, and each lacuna 
is occupied during life by a branched bone-cell, the processes from which extend 
into the canaliculi. 


Fig. 32. — transverse section through a portion of the shaft of a human fibula, 

decalcified, x 250. 



The canaliculi are minute channels, crossing the lamellae and connecting the 
lacunae of a Haversian system with one another, and with the Haversian canal. 
The canaliculi at the periphery of a Haversian system do not as a rule commun- 
icate with those of neighbouring systems, but form loops and return to their own 
lacunae. Thus every part of a Haversian system is supplied with nutrient fluids 
derived from the vessels in the Haversian canal and distributed through the 
canaliculi and lacunae. 

The bone-cells occupy, but do not fill, the lacunae. They are flattened, 
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nucleated branched cells, homologous with the lamellar cells of connective 
tissue ; their branches pass into the canaliculi. 

In thin pfe^tes of bone Haversian canals are absent. 

Chemical composition. — Bone consists of animal or organic, and mineral or 
inorganic, substances intimately combined. 

The animal substance forms about 33 per cent, of the total weight,* and may 
be obtained by immersing a bone for a considerable time in dilute mineral acid 
which will dissolve the mineral matter. The bone retains its shape, but is now 
perfectly flexible, so that a long bone (one of the ribs, for example) can easily be 
tied in a knot. In a transverse section of such a softened bone (fig. 32), the 
arrangement of the Haversian canals, lamellae, lacunae, and canaliculi can be 
recognised. 

The mineral substance may be obtained by calcination, which destroys the . 
animal matter. The bone retains its original form, but is white and brittle, has 

Fig. 33. — Intramembranous ossification. 



lost abcmt one-third of its original weight, and crumbles under the slightest 
V aan auoe, composed chiefly of calcium phosphate, forms 

about 66 -7 per <^nt. of the weight of the bone ; it confers on bone its hardness 
and rigidity, while the animal matter (ossein) determines its resiliency and 
tenacity. ^ 


Ossification. Some bones, such as those of the roof and sides of the skull, 
are preceded by membrane, but most bones are preceded by rods or masses of 
j Hence two kinds of ossification are described ; the intramefnbranous 
and the ; but there is no essential difference between these 

two methods of bone formation. 

+>.. which occupies the place of 

nature of connective tissue, and ultimately forms the 
granular cells in a noatrix richly 
n- penpheral portion is more fibrous, while in 
the central portion the cells or osteoblasts predominate. At the outset of the 
proress of bone formation a little network of fibres radiates from the centre of 

SS'fits » network of fine 

intervening ground-substance 
are termed osteogenetw fibres, and differ little from those of 
white fibrous tissue. The membrane assumes a dark and granular appearance 
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from the deposition of calcareous granules in the matrix between the fibres, and 
in the calcified material some of the granular cells or osteoblasts are enclosed. 
By the fusion of the calcareous granules the tissue again assumes a more trans- 
parent appearance, but the fibres are no longer so distinctly seen. The osteo- 
blasts form the bone- cells of the future bone, the spaces in which they are 
enclosed constituting the lacunae. As this process advances, a network of bone 
is formed, the meshes of which contain the blood-vessels and a delicate connect- 
ive tissue crowded with osteoblasts. The bony trabeculae thicken by the addition 
of fresh layers formed by the osteoblasts on their surface, and the meshes are 
correspondingly encroached upon. Subsequently the bone increases in thickness 


I’lQ-. 34. — section through a phalanx of a festal finger, x 100, Drawn from 
a specimen prepared by A. F. Bernard Shaw. 



by the deposition of successive layers under the periosteum and round the larger 
vascular channels, which become the Haversian canals. 

Intracartilaginous ossification. — ^Most of the bones are preformed in cartilage, 
and each long bone is represented in early foetal life by a rod of hyaline cartilage. 
The primary centre of ossification appears m the centre of the rod and the process 
of bone formation extends towards the ends, which remain cartilaginous for a 
length of time which differs for different bones. Later, ossification begins at 
one or more secondary centres in one or both ends and the portions of bone 
formed from them constitute epiphyses. Most long bones develop an epiphysis 
at each extremity, but in some (metacarpals, metatarsals, phalanges and ribs) 
an epiphysis is formed at one end only. The cartilage which intervenes between 
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the epiphysis and the growing shaft or diaphysis is termed the epiphyseal 

mri^e^odj^e cartilage model of the bone is surrounded by a very vascular 
membrane, termed the perichondrium, which is formed by connective tissue 
similar to that already described as constituting the basis of membrane V)one. 
Between this membrane and the underlying cartilage there is a layer of osteo- 
genetic mesenchyme, from which the formative- cells (the osteoblasts) are derived. 
Prior to the appearance of the primary centre of ossification the cartilage-cells 
in the middle of the shaft become greatly enlarged and the trabeculae between 
them become reduced to thin partitions. The cartilage- cells, possibly owing to 
autointoxication due to absorption of the surrounding matrix during the period 
of growth, undergo degenerative changes and die. Their bodies become shrunken 
and leave spaces which are termed the pHinaTy areolce^ Subsequent to the death 
of their parent cells the thin partitions between these spaces become calcified. 


Fig. 36.— a part of fig. 34 (opposite to the bracket) more highly magnified, 

x376. 



The weakening of the shaft brought about in this way is compensated for by 
the subperichondxal osteoblasts, which lay down a peripheral layer of young 
bone by the intramembranous method previously described. These changes 
constitute the first stage in the process of intracartilaginous ossification. 

The second stage consists in the prolongation into the cartilage of proisesBCs 
of the deeper or osteogenetio layer of the perichondrium (now periosteum) 
(fig. 34). The processes consist of blood-vessels and oellB-'-^teoblasts, or bone- 
formers, and osteoclasts j or bone-destroyers. The latter are large, multlnuoleate<l 
protoplasmic masses, and they excavate passages through the new-formed bony 
layer by absorption, and pass through it into the calcified matrix. Wherever 
these processes of the osteogenetio layer come in contact with the calcified walls 
of the primary areolae they absorb them, and thus cause a fusion of the original 
cavities and the formation of larger spaces, which are termed the Becondary 
areolce or medullary spaces. These secondary spaces are filled with embryonic 
marrow, consisting of osteoblasts and vessels, derived, in the manner described 
above, from the osteogenetio layer of the periosteum. 

The walls of the secondary areolae increase in thickness by the deposition 
of layers of bone on their surface. This process takes place in the following 
maimer. Some of the osteoblasts of the embryonic marrow, after undergoing 
rapid division, arrange themselves as a layer on the surface of the wall of the 
space (fig. 34) . This layer of osteoblasts forms a bony stratum, which gradually 
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covers the wall of the space and in which some of the osteoblasts are included 
as bone- cells. The next stage in the process consists in the removal of these 
primary bone-spicules by the osteoclasts, one of which may be seen lying in a 
Howship’s foveola at the free end of each spicule (fig. 35). The removal of the 
primary spicules goes on fari passu with the formation of permanent bone by 
the osteogenetic layer of the periosteum, and in this way the medullary cavity 
of the bone is formed. 

While bone is being laid down in the middle of the shaft the adjoining car- 
tilage reacts in a manner which prepares it for the extension of the ossifying 
process. In the area directed towards the end where an epiphysis appears 
later, the cartilage cells undergo rapid division, at first in the transverse axis 
of the bone and then in its long axis, so as to give rise to a great number of 
parallel rows of disc-shaped cells. This .process goes on throughout the period 
of growth and is responsible for increase in length of long bones.* The older 
cells, which lie nearest to the primary centre of ossification, become hyper- 
trophied and this enlargement is assocated with the intracellular storage of 
glycogen .f Most, if not all, of these distended cells die, the trabeculae between 
the columns undergoing calcification. Osteoclasts and osteoblasts from the 
primary centre extend the process of ossification in the longitudinal direction 
by invading the columns, removing the trabeculae and laying down new bone. 
As ossification extends along the shaft the cartilage-cells at the epiphyseal end 
of the rows divide rapidly, while those at the opposite end progressively hyper-"* 
trophy and atrophy. 

This series of changes proceeds gradually towards the ends of the bone, so 
that all the changes described above may be seen in different parts, from the 
true bone at the centre of the shaft to the hyaline cartilage at the extremities. 

While the ossification of the cartilaginous shaft is extending towards the 
articular ends, the epiphyseal cartilage immediately in advance of the bony 
tissue continues to grow until the length of the adult bone is reached. 

One or more secondary bony centres appear in the cartilaginous extremities 
and initiate in them the process of ossification ; but the ends remain separated 
from the shaft of the bone by the epiphyseal cartilages for a definite time. Ossi- 
fication of epiphyses and ossification of the diaphysis in the direction of an 
extremity where no epiphysis develops (e.g. the distal ends of the phalanges, 
etc.) are not marked by the preliminary formation of rows of cells. J Instead, 
the cartilage- cells constitute small groups or cell-nests, which undergo hyper- 
trophy and, later, die, a change accompanied by calcification of the surrounding 
matrix. These groups become invaded by osteoblasts and osteoclasts and bone 
is laid down in the manner already described. The epiphyseal cartilages ultim- 
ately ossify, and the bone assumes its completed form and shape. The same 
remark applies to such processes of bone as are ossified from separate epiphyses, 
e.g. the trochanters of the femur. Bones increase in length by ossification con- 
tinuing to extend into the epiphyseal cartilages, which go on growing in advance 
of the ossifying process ; when the growth of the epiphyseal cartilages ceases, 
the diaphysis and the epiphyses unite. Bones increase in circumference by 
deposition of new bone from the osteogenetic layer on their sub-periosteal 
a.spects, and at the same time an absorption takes place from within, by which 
the medullary cavities are increased. It should be observed that, in certain 
situations, e.g. the ramus of the mandible (p. 282) and the expanded extremities 
of the shafts of the long bones, a process of remodelling is necessary during the 
stage of lengthening, in order that the outline of the bone may remain constant 
throughout the period of growth. This remodelling is brought about by a 
process of absorption, which goes on side by side with the process of deposition 
and is an essential feature of normal growth in the situations cited. 

The bone first laid down is spongy in structure. Later the osteoblasts con- 
tained in its spaces form the concentric layers characteristic of the Haversian 
systems, and are included as bone-cells. 

The number of ossific centres varies in different bones. Most of the short 

* C. W. Stump, Journal of Anatomy, vol. lix. 1926. 

f See H. A. Harris, Bone Growth in Health and Disease, 1933. 

i G. S. Dodds, Anatomical Record, vol. 46, No. 4, and c/. H. A. Harris, loc. cit. 
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bones are ossified from a single centre. In each long bone there is a primary 
centre for the shaft, or diaphysis ; and one or more secondary or epiphyseal 
centres for each extremity. That for the shaft is the first to appear. The 
t,imea of union of the epiphyses with the shaft vary inversely witii the dates at 
which their ossifications begin (with the exception of the fibula) and regulate 
the direction of the nutrient arteries of the bones. Thus, the nutrient arteries 
of the bones of the arm and forearm are directed towards the elbow, since the 
epiphyses at this joint become united with the shafts of the bones Insfore those 
at the opposite extremities. In the lower limb, on the contrary, the nutrient 
arteries are directed away from the knee ; that is, upwards in the femur, down- 
wards in the tibia and fibula ; and in them it is observed that the epiphyses at 
the upper end of the femur, and those at the lower ends of the tibia ami fibula, 
unite first with the shafts. Where there is only one epiphysis, the nutrient 
artery is directed towards the other end of the bone. The growing end of the 
macerated diaphysis has a curious coral-like appearance, whiefr is <pute char- 
acteristic. 

Epiphyses are essentially a mammalian characteristic, for, apart from the 
upper tibial epiphysis occurring in birds and some reptiles, they do not occur 
in lower vertebrates * * * § There is, however, reason to believe that they were 
present in the extinct group of mammal-likc reptiles.! Their presemee at the 
expanded ends of the long bones reduces very consklerably the amount of 
^remodelling by absorption which would be necessary, if they did not develop. 
Parsons J groups epiphyses under three headings, viz. (i) /irmvirre fvpiphijms, 
appearing at the articular ends of the bones and transmitting ‘ thf^ weight of 
the body from bone to bone ’ ; (2) traction epiphyses, assoiuatcHl wit h the 
insertion of muscles, and * originally sesamoid structures though not iuH‘eHsarily 
sesamoid bones ’ ; and (3) atavistic epiphyses, representing parts oft he skeleton 
which at one time formed separate bones, but which have lost their function 
' and only appear as separate ossifications in early life.’ 

The description here given of the development and growth of liono is in 
accordance with the generally accepted view. Macewen § has, however, given 
another account. He asserts that the osteoblasts are produced by division of 
the nuclei of the cartilage-cells, and that bone-formation is l>rought about by 
these cells, the periosteum taking no part in the process. He concludes that the 
function of the periosteum in the development of bone is mechanical, and is 
confined to limiting the degree of growth and deciding its dire<‘tion. 

Applied Anatomy. — ^The blood supply of long bones is derived from two mnirres : («) 
one (occasionally more) nutrient artery runs through the comjmct oukT layer to n^ach tht) 
medulla where it is distributed ; (6) a network of vessels in the iwriosknim anastomoses 
with the twigs of the nutrient artery and gives branches to the ends of th(^ lione. I n young 
bones the diaphyseal vessels do not penetrate the epiphyseal cartilage, and the tspiphysis 
receives an independent blood supply from the vessels of the capsule of the joint. 

Many of the periosteal vessels reach the periosteum through the attachments of the 
muscles, so that when the latter are well-developed and their bkKxi-supply abundant the 
periosteum is also well supplied with blood and the bones are strongly devel<»|HHi with 
prominent ridges. Conversely if the muscular development is poor the hones are thin and 
Hght. This is strikingly demonstrated in cases of infantile paralysis when^ stweral muscles 
of a limb become paralysed at an early period of childhood. The jxsriosk^al blocxi-supply 
suffers and consequently very little fresh osseous tissue is added to the outer surfacx^ of 
the bones. In such oases although the limb continues to grow in length at the epiphyseal 
cartilages, its length is less than that of thck normal side ; but the most striking feature 
of the bones is their extreme thinness. 

Since increase in the length of a bone depends on continued growth at the epiphyseal 
cartages, it is necessary that great care should be taken not to interfere with these in 
dealing with disea.se in the neighbourhood of an epiphysis. A knowledge of the periods 
when the epiphyses join the diaphyses is often of importance in medico-legal enquiries. 
Itris also of practical utility in deciding the nature of an injury in the neighbourhood of 
a joint, since separation of an epiphysis may simulate a fracture or a dislocation. Further, 
when amputation through one of the long bones is called for in a young subject the activity 

* Bone Growth in Health and Disease, by H. A. Harris, 1933. 

t Origin of the Human Skeleton, by R. Broom, 1930. 

i Journal of Anatomy and Physiology, vols. xxxviii., xxxix., and xUi. 

§ TAe Growth of Bone, by Sir William Macewen. 
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of growth at the epiphyseal cartilage must be home in mind. As special cases, amputation 
through the humerus or tibia may be cited, since in these bones the proximal epiphyses 
are late in joining the diaphyses. If sufficient allowance be not made for this by cutting 
long flaps, the portion of the diaphysis remaining will continue to grow till its distal end 
projects through the stump — a condition known as conical stump. 

Severe illnesses, occurring during the period of active growth of the long bones, cause 
a temporary arrest of growth which can be recognised later in radiograms as a dense line 
of bony deposition. This is succeeded by a zone of renewed growth in which it may be 
possible to detect that the bone laid down during convalescence was poorly differentiated.* 
Premature arrest of growth of the epiphyseal cartilages results in too early junction 
of the epiphyses with the diaphyses (premature, synostosis). This brings to an end the 
growth in length of the bones, and is one of the causes of dwarfism. Persons in whom 
this has occurred will have the head and trunk of normal size, but the legs and arms dis- 
proportionately short though often very strong. 

Pig. 36. — ^Human bone-marrow. Highly magnified. 
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The medulla ossium or bone marrow is a variety of connective tissue in 
which the individual cells are the most important constituents. It not only 
fills up the cylindrical cavities in the bodies of the long bones, but also occupies 
the spaces of the cancellous tissue and extends into the larger Haversian canals. 
It differs in composition in different bones. In the shafts of the long bones 
the marrow is of a yellow colour (medullci ossium flavd)^ and consists a basis 
of connective tissue supporting numerous blood-vessels and cells, most of which 
are fat-cells, but some are ‘ marrow-cells,' such as occur in the red marrow. In 
the flat and short bones, in the articular ends of the long bones, in the bodies 
of the vertebrae, in the cranial diploe, in the sternum and ribs, the marrow is 
of a rec? colour (medulla ossium Red marrow consists of a small quantity 

of connective tissue, blo‘od- vessels, and numerous cells (fig. 36), a few of which 
are fat-cells but the great majority are spherical, nucleated cells, termed myelo- 
cytes or marrow-cells. The myelocytes resemble the leucocytes of the blood, 
and like them are amceboid ; they contam granules, either oxyphil, b^ipM 
or neutrophil in reaction. A number of eosinophil cells and a few basiphil cells 
are also present. Amongst the myelocytes smaller nucleated cells, of a yellowish 
colour, may be seen ; these are the erythroblasU or norrnoblasts from which the 


* H. A. Harris, Arch. Jnt. Med. vol. xxxviii. 

t Alfred Pinev (Lancet, Sept. 9th, 1922, p. 672) has investigated the ^ked-eye anatomy 
of the bone marrow in 1700 post-mortem casM, and concludes that all the bones, except 
those of the cranium, contain red marrow until puberty. 
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red corpuscles of the hlood are derived by the disappearance of the nuclei. 
Giant-cells (myeloplaxes or megakaryocytes) similar to the osteoclasts described 
in connexion with the development of bone are also found in red marrow. In 
post-natal life the red marrow is the chief seat of the formation of the corpu.scle.s 

of the blood. , , , i ^ 

The blood is a variety of connective tissue, in which the ground substance 
is fluid and the constituent cells are highly specialised. It is opaque, rather 
viscid, of a bright red or scarlet colour when it flows from the arteries, of a 
dark red or purple colour when it flows from the veins. It is salt to the taste, 
and has a peculiar faint odour and an alkaline reaction. Its specific gravity 
is about 1*059, and its temperature is generally about 37^ C., though varying 
slightly in different parts of the body. 

If a thin film of blood be examined under the microscope it is seen to consist 
of a faintly yellow fluid— the plasma or liquor sanguinis— in which are suspended 
numerous minute particles — the blood-corpuscles. 

The blood-corpuscles are of three kinds : (1) coloured corpuscles or erythro- 
cytes, (2) colourless corpuscles or leucocytes, (3) blood-platelets. 

1. The coloured or red corpuscles {erythrocytes) are circular discs, biconcave in 

profile. The disc has no nucleus, 
but, in consequence of its bi- 
concave shape, it presentB, when 
seen on the flat, a central area 
which, when the more prominent 
peripheral zone of the corpuscle 
is in focus, appears dark, and so 
simulates a nucleus (fig. 37, a). 
The corpuscles vary slightly in 
size even in the drop of 

blood, but the average diameter 
of each is about 7*5/^, and the 
thickness about 2/a. iWideH these 
there arc certain smaller c(^rpus- 
cles of about one-half of the size 
just indicated ; these are termed 
microcytes^ and are very searc^e iti 
normal blood ; in disea.s(Hl <;on- 
ditions (e.g. anmnia), howevt^r, 
they are more numerous. It is to 
the aggregation of the red (cor- 
puscles that the blood owes its red hue, although when examined by transmitt-tnl 
light their colour appears to be only a faint reddish yellow. The numl>er of 
red corpuscles in a cubic millimetre of blood is about 5,000,01)0 in a man, and 
4,500,000 in a woman. Power states that the red corpuscles of an adult would 
present an aggregate surface of about 3,000 square yards. 

If the mesentery of a living animal be spread out and examined untier t he 
microscope, the hlood is seen to flow in a continuous stream through tlio vesBols, 
and the corpuscles show no tendency to adhere to each other or to the walls 
of the vessels. But when blood is drawn and examined on a slide, the eorpus(;les 
tend to collect into heaps like rouleaux of coins (fig. 37, c). During life the red 
corpuscles may be seen to change their shape under pressure so as to adapt 
themselves, to some extent, to the size of the vessel. They are, however, highly 
elastic, and speedily regain their form when the pressure is removed. They 
are readily influenced by the medium in which they are placed. In 0*9 per 
cent, sodium chloride solution, which is isotonic with human blood-plasma, they 
are unaltered in shape. In hypotonic solutions they swell up, become globular, 
and finally rupture, owing toihe passage of water from the surrounding medium 
into the corpuscle (endosmosis). In hypertonic solutions, e.g. 2 per cent, sodium 
chloride, water passes in the reverse direction {exosmosis) and the corpuscle 
shrinks and becomes crenated in appearance (fig. 37, d). The surface layer of 
the erythrocyte thus behaves as a membrane which is permeable to water, but 
not to salts (semi-permeable membrane), and, for this and other reasons, Sharpey- 
Schafer beheves that each corpuscle (consists of an envelope <x)ntammg the 


Fig. 37. — ^Human red blood-corpuscles, x 1500. 



a. Surface view. &. Profile view, c. Forming rouleaux. 
d. Rendered crenate by hypertonic salt solution. 
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coloured substance, hsemoglobin. According to another view, the erythrocyte 
consists of a stroma or sponge-work permeated by the hsemoglobin. The stroma 
or envelope consists mainly of cholesterol, lecithin, and nucleo-protein. 

The colourless corpuscles or leucocytes are of various sizes. In human blood 
the majority are rather larger than the red corpuscles, and measure about lOjLc 
in diameter. On the average from 7,000 to 12,000 leucocytes are found in each 
cubic millimetre of blood. 

They consist of minute nucleated masses of protoplasm, and exhibit several 
varieties, which are differentiated from each other chiefly by the occurrence or 
non-occurrence of granules in their protoplasm, and by the staining reactions 
of these granules when present (fig. 38). (1) The most numerous and important 
are termed polymorphonuclear leucocjdjes ; they are possessed of the power of 
amoeboid movement, and contain nuclei which often consist of two or three 

Fig. 38. — ^Varieties of colourless corpuscles found in human blood, stained with 
Leishman’s stain, x 1600. 



a. Eosinophil corpuscles, b. Polymorphonuclear leucocytes, o. Hyaline cell or macrocyte. 

d. Lymphocytes. 


parts (multipartite) connected together by fine threads of chromatin. It is 
probable that the character of the nucleus is associated with the remarkable 
alterations in shape and form which these cells are capable of undergoing in 
the living condition. When at rest or dead, they are spherical in shape as a 
rule. The protoplasm contains a number of very fine granules, some of which 
stain with acid dyes, others with neutral dyes, and are therefore called oxyphil 
or neutrophil respectively. They constitute 60 to 70 per cent, of the total number 
of the colourless corpuscles. (2) A second variety comprises from 1 to 4 per 
cent, of the leucocytes ; they are larger than the previous kind, and are made 
up of coarsely granular protoplasm, the granules being highly refractile and 
grouped round single nuclei of horseshoe shape. The granules stain deeply with 
eosin, and the cells are therefore often termed eosinophil corpuscles. (3) A third 
variety is called the hyaline cell or macrocyte. This is usually about the same 
size as the eosinophil cell, and, when at rest, is spherical in shape and contains 
a single round or oval nucleus. The protoplasm is free from granules, but is 
not quite transparent, having the appearance of ground glass. (4) A fourth 
kind is designated the lymphocyte, because it is identical with the cells derived 
from the lymph-glands, or other lymphoid tissue. They are the smallest of the 
leucocytes, and each consists of a spheroidal nucleus surrounded by a small 
quantity of homogeneous protoplasm. The third and fourth varieties together 
constitute from 20 to 30 per cent, of the colourless corpuscles, but of the two 
varieties the lymphocytes are by far the more numerous. Leucocytes having 
in their protoplasm granules which stain with basic dyes {basiphil) have been 
described as occurring in human blood, but they are rarely found except in 
disease. 

The colourless corpuscles are very variable in shape in living blood, because 
many of them have the power of changing their form by protruding finger- 
shaped or filamentous processes of their substance, by which they move and 
take up granules from the surrounding medium. In locomotion the corpuscle 
pushes out a process of its substance — a pseudopodium, as it is called — and 
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gradually the rest of the body flows into it. In the same way when any granule 
or particle comes in its way the corpuscle protrudes a pseudopodium towards 
it, and then draws the particle into its own substance. By means of these 
amoeboid properties the cells have the power of wandering or emigrating from 
the blood- capillaries by penetrating between the cells which form their walls 
and thus finding their way into the extravascular spaces. The solid chemical 
constituents of leucocytes are nucleo-protein, globulin, fat, cholesterol, lecithin, 
glycogen, and salts.. 

The blood-platelets (fig. 39) are oval, colourless, refractile discs, varying 
somewhat in size but with an average measurement of 3ft in their longest 
diameter and numbering between 200,000 and 300,000 per cubic millimetre. 
They are possessed of no demonstrable nucleus or chromatin material, but 


Fig. 39. — Blood-platelets. Highly magnified. 
^ (Blood-platelets in blue, red blood cells in 
pink.) From a preparation supplied by 
S. PhilUps-Bedson of the Lister Institute, 
London. 


consist of a homogeneous cytoplasm 
in which are imbedded a number of 
highly refractile granules. These 
granules are usually grouped cen- 
trally, and in fixed preparations they 
may be so closely packed as to pre- 


sent the appearance of a more or less 



homogeneous mass, closely simulat- 
ing a nucleus. In shed blood these 
elements rapidly disintegrate with 
the liberation of thrombokinase, and 
in ordinary blood smears they are 
frequently so grossly changed as to 
render observations on their morph- 
ology in such preparations of little 
value. They are l)eBt studied in 
blood which has been drawn directly 
into an anticoagulant, Toisson’s solu- 
tion (without any stain) preserving 
their form better perhaps than solu- 
tions of citrate or oxalate. They 
stain readily, but not deeply, with 
the various basic dyes such as 
neutral red, methylene blue, brilliant 
cresyl blue, etc., and in fixed 
preparations stained with one of 


fhe Romanowsky stains (Giemsa, 
Leishman) the cytoplasm appears a 
pale blue and the granules imbedded in it a reddish purple. Those granules 
are spoken of as the azurophil granules and are similar in staining properties 
to those seen in the large mononuclear leucocytes. Recent work has shown 
platelet is undoubtedly an independent formed element of the blood, 
which does not have its origin either in the disintegration of leucocytes or red 
corpuscles or the precipitation of one of the proteins present in the plasma. The 
question of their origin awaits a definite solution, though in the opinion of the 
majority of hsematologists they arise from the megakaryocytes or giant cells of 
the haemopoietic tissue. 


Although the functions of the hlood-platelet are as yet imperfectly understood, it is 
generally ac<^pted that they play an important rdle in the process of coagulation. When 
blood IS shed and comes in contact with a foreign and wetable surface, these elements 
rapimy dismtegrate, with the liberation oi some substance essential to thrombin for- 
mation. This substance has been termed thrombokinase or oytozyme, and although its exis- 
tence IS not generally accepted it can be shown that in the test-tube the coagulation rate 
of oxalate plasma on the addition of graduated amounts of calcium can be greatly accele- 
ra^d by the simultaneous addition of platelets or platelet extract, and further, this activity 
neutralised by an anti-platelet serum. In addition to this the 
presence of platelets is necessa^ for the retraction which the blood-clot normaUy undergoes, 
cSt are essential to the formation of a firm thrombus A 

alone, or poor in platelets, is easily dislodged from the wound which it is 
^ . IS adi^ed with platelets a much firmer structure results, which, in 
ontractmg, knits together to some extent the edges of the wound. It has further been 
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shown from animal experiments with anti-platelet serum and from observations on purpura 
in man that a grave destruction of platelets in the circulation is accompanied by extreme 
capillary bleeding. Recently an attempt has been made to demonstrate that the platelet 
plays some part in the mechanism of defence against infection. When micro-organisms 
are introduced into the blood stream the platelets clump round them, forming little masses 
in which the bacteria are entangled. These masses are held up in the capillaries and the 
back-waters of the circulation, and are there dealt with by the various phagocytic cells. 
The same thing occurs if a suspension of inert particles such as Indian irJj: is introduced 
into the blood stream ; it is the foreign surface which is the exciting cause of this pheno- 
menon. 

The development of the blood- corpuscles is described on pp. 132, 133. 

The lymph is a transparent, colourless or slightly yellow fluid, which is con- 
veyed into the blood by a set of vessels named lymphatics. These vessels arise 
in nearly all parts of the body as lymph-capillaries. They take up the fluid 
which has exuded from the blood- capillaries for the nourishment of the tissues, 
and return it into the veins through the medium of the thoracic duct or right 
lymphatic duct. 

Lymph is a watery fluid of sp. gr. about 1-015 ; it closely resembles the 
blood-plasma, but is more dilute. When it is examined under the microscope, 
leucocytes of the lymphocyte class are found floating in the transparent fluid ; 
they are always increased in number after the passage of the lymph through 
lymphoid tissue, as in lymph-glands. 


The Retictjlo-Endothelial System. 

Although they are not usually classified as one of the tissues of the body, 
the cells which comprise the reticulo-endothelial system may, conveniently, be 
mentioned at this stage. They form a loose reticulum lying in close relation- 
ship to endothelial spaces such as occur in the spleen pulp and bone-marrow, 
hence the name of the system. The cells, which are highly phagocytic, are 
found in certain definite situations in the body. When necessity arises, they 
are able to free themselves from the tissue they help to form, and acquire 
motility which is amoeboid in character. 

In the resting condition the cells of the reticulo-endothelial system are 
found in the following situations : (1) the connective tissues, where they have 
already been described as clasmatocytes (p. 8) ; (2) the blood, where they 
occur as large mononuclear leucocytes ; (3) the endothelium lining the vascular 
sinuses in bone-marrow, the spleen, the liver — ^where they are termed Kuppfer’s 
cells — the lymph glands, the medulla of the suprarenal gland and the anterior 
lobe of the hypophysis cerebri ; (4) in the retiform tissue of the spleen and the 
lymph glands, where they can be identified as reticular cells ; and (5) in the 
meninges, where they are termed meningocytes. It has been found experi- 
mentally that these cells, and only these cells, will take up such colloidal dyes' 
as trypan blue when they are introduced into the body, subcutaneously, intra- 
muscularly, intravenously or intraperitoneally in dilute solutions. In situ they 
are capable of absorbing haemoglobin and converting it into bilirubin, and they 
can take up and store cholesterol. 

Although they can be identified as apparently fixed cells in the situations 
cited, they retain the power of transforming themselves into motile phagocytes 
when necessity arises. Under these circumstances they become considerably 
enlarged and have been termed macrophages.* In this condition they migrate 
from their original position to any point in the body where their phagocytic 
activity is called for by the presence of foreign substances of various kinds. 

It will be observed that no definition of the system is possible, unless the 
physiological characters of the cells are taken into consideration, for their 
similarity in function is the only feature which these cells have in common. 

There is some ground for believing that macrophages may become trans- 
formed finally into inert fibroblasts, as the last and final stage in their develop- 
ment. 


* The term ‘ histiocytes ’ is frequently used with approximately the same significance. 
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MUSCULAR TISSUE 

Muscular tissue is composed of bundles of reddish fibres endowed with the 
property of contractility. There are three varieties of muscle, (1) stTi'ped or 
voluntdry, (2) uTistHped or involuTitdTi/j and (3) ccivdicic. The muscles which are 
concerned with the movements of the bony skeleton — the likeletal muscles — 
are composed of striped fibres, and are under the control of the will. The 

muscular coats of the stomach and intestines, 
uterus, bladder and blood-vessels, on the other 
hand, are formed of unstriped fibres, and their 
movements are involuntary. Some striped 
muscles, however, are not under voluntary 
control, namely, those forming the walls of the 
pharynx and upper part of the (esophagus. 
Cardiac muscle is intermediate in position be- 
tween the other two varieties. Its fibres are 
striped, but involuntary, and they differ from 
both striped and unstriped muscle in structure. 
With the exception of the arrectores |)ilorum 
and the sphincter and dilatator pupilhe muscles, 
which are derived from the ectoderm, all 
muscle tissue is mesodermal in origin. 

The striped muscular fibres are arranged in 
bundles or fasciculi, in whicdi the individual 
fibres are parallel to one another. Each fasid- 
cuius has a connective tissue sheath, called the perimysium, prolongations of 
which run into the bundle, binding the fibres together and constituting the 
endomysium. A muscle is composed of a number of fasciculi, held togtdher 
and surrounded by connective tissue which is known as the epimysiunL T^he 
fasciculi are of different sizes in different muscles, and arc for tlm most part 
placed parallel with one another, though they usually converge towards the 
tendinous attachments. The connective tissue framework of t\m muscle 
contains the blood-vessels and nerves which supply it. 

A muscular fibre consists of a soft contractile substance, cucIohchI in a tubular 
sheath called the sarcolemma. The fibres are cylindrical or prismatic in sliape 
(fig. 40), and are of no great length, not exceeding 
as a rule 40 mm. Their breadth varies in man from Kkc 41. Stripud 
0*01 mm. to 0-1 mm. As a rule, the fibres do not 
divide or anastomose ; b^ occasionally, especially in 
the tongue and facial muscles, they may be seen to 
divide into several branches. In the substance of the 
muscle the fibres end by tapering extremities which 
are joined to the ends of other fibres by the sarcolemma. 

Where a muscle joins its tendon, the sarcolemma cover- 
ing the end of each muscle-fibre blends with a cor- 
responding group of the fine fibres of the tendon. 

The muscular substance of the fibre can readily be 
made to retract from the point of junction. The 
areolar tissue between the fibres is prolonged into 
the tendon, so as to form a kind of sheath around 
the tendon-bundles for a longer or shorter distance. 

When muscular fibres are attached to skin or mucous 
membranes, this sheath becomes continuous with the 
areolar tissue of these structures. 

The sarcolemma, or tubular sheath of the fibre, is 
a transparent, elastic, and apparently homogeneous 
membrane of considerable toughness, so that it some- 
times remains intact when the included substance is 
ruptured. On the internal surface of the sarcolemma in mammalia, and also 
in the^ substance of the fibre in frogs, elongated nuclei are seen, and each of 
these is surrounded by a little granular protoplasm. 



Fig. 40. — A transverse section 
through human striped muscle- 
fibres. X 255. 
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Upon examination of a voluntary muscular fibre by transmitted light, it 
is found to be marked by alternate light and dark bands or striae, which pass 
transversely across the fibre (fig. 41). When examined by polarised light the 
dark bands are found to be doubly refiracting (anisotropic), while the clear 
stripes are singly refracting 

(isotropic). The dark and light Fig. 42. — A. A portion of a medium-sized human 
bands are of nearly equal musoulax abre Ma^ed nearly 800 dimeters. 

1 j,, j 1 , ^-.,1 B. Separated bundles of fibrils, equally mag- 

breadth, and alternate with ^ified. (From Quain’s Elements of Anatomy.) 
great regularity ; they vary in 
breadth from about Ip, to 2p. 

When the fibre is focussed 
deeply a dark line may he seen 
running in the middle of the 
clear stripe. This is known as 
Dobie’s line or Krause' s<mem‘ 
hrane\ In fibres which are on’ 
the stretch the dim stripe is 
often seen to be divided by a 
clearer line — Hensen's line. 



Under high magnification there 
are indications that the striped 
muscle-fibre is made up of a large 
number of fibrils, known as sar~ 
costyles, together with an inter- 
fibriUar material, or sarcoplasm 
(fig. 42, B). When a fibre is treated 
with weak acid it becomes clearer, 
and the sarcoplasm is visible as 
fine, longitudinal, parallel lines. 

At the junction of the dim and 
clear stripes these lines often show 
bead-like enlargements in the 
stretched condition of the fibre. 

Examination of transverse sections of individual fibres shows that each sarcostyle is 
surrounded by sarcoplasm, and that the sarcostyles are arranged in groups, called muscle- 
columns, the groups being separated by a relatively larger amount of sarcoplasm than 


a, a. Larger, and 6, h, smaller collections, c. Still smaller, 
rf, d.. The smallest which could be detached. 


Fig. 43. — A diagram of a sarcomere. (After Sharpey-Schafer.) 

A. In a moderately extended condition. B. In a contracted condition. 



A 


H. Line of Henson, k, k. Merabranos of Krause, s.b. Sarcous element. 


the separate fibrils. The sections of muscle-columns, defined in this way, constitute what 
are known as OoknkemCs arms. 

When the sarcostyles are separated by suitable methods it becomes evident that each 
exhibits alternate dim and clear portions, with Dobie’s and Hensen’s lines, and that the 
striped appearance of the fibre is due to the apposition of the corresponding segments of the 
fibrils of which it is composed. 

Sir E. Sharpey-Schafer worked out the noiinute anatomy of muscular fibres, particularly 
in the wing-muscles of insects, which are peculiarly adapted for this purpose on account 
of the relatively large size of the sarcostyles and the ease with which they can be separated, 
and the description given below is based on his work. 

G.A. B 
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A sarcostyle may be said to be made up of successive portions, each of which is termed 
a sarcomere. The sarcomere is situated between two membranes of Krause, and consists 
of (1) a central dark part, which forms a portion of the dark band of the whole fibre, and 
(2) a clear area at either end, each forming, wdth the corresponding clear part of the adjacent 
sarcomere, the light band of the fibril. The central dark segment really consists of two 
parts, and when the fibre is stretched these two parts become 


Fio. 44. — ^Muscle fibres 
from the small intestine. 
(From Quain’s Elements 
of Anatomy, vol. ii. pt. i., 
Microscopic Anatomy, 
by Sir Edward Sharpey- 
Schafer.) 



separated from each other at the line of Hensen (fig. 43, A), 
The clear areas are well marked in the extended sarcostyle, 
but in the contracted sarcostyle they are small or altogether 
absent (fig. 43, B). 

The central dim portion, or sarcous element^ does not lie free 
in the sarcomere, for when the sarcostyle is stretched, very 
fine lines, which are probably septa, may be seen running 
through the clear portion from *the sarcous element to the 
membrane of Krause. 

Sharpey-S'chafer explains these phenomena in the following 
W’ay. He considers that each dim segment contains a number 
of longitudinal channels, which open into the clear part 
towards the membrane of Krause but are closed at the line of 
Hensen. When the muscular fibre contracts the clear part of 
the muscular substance passes into these channels or tubes, 
and is therefore hidden from sight, but at the same time it 
swells up the sarcous element and widens and shortens the 
sarcomere. When, on the contrary, the fibre is stretched, this 
clear substance is driven out of the tubes and collects between 
the sarbous element and the membrane of Krause, and gives 
the appearance of the light part between these two structures ; 
by this means it elongates and narrows the sarcomere. 

Sharpey -Schafer has shown that, if this view be correct, it 
harmonises the contraction of muscle with the amoeboid action 
of protoplasm. In an amoeboid cell there is, according to one 
view of the structure of protoplasm, a framework of spongio- 
plasm, enclosing in its meshes a clear substance, termed 
hyaloplasm. Under stimulation the hyaloplasm passes into 
the pores of the spongioplasm ; without stimulation it tends 
to pass out, as in the formation of pseudopodia. In muscle 
there is the same thing, viz. a framework of spongioplasm— 
the substance of the dim segment ; and this encloses a clear 
hyaloplasm — the clear substance of the sarcomere. Luring 
contraction of the muscle — i.e. under stimulation — this clear 
substance passes into the pores of the spongioplasm ; while 
during extension of the muscle — i.e. when there is no stimu- 
lation — it tends to pass out of the spongioplasm. In this 
way the contraction is brought about ; under stimulation the 
protoplasmic material (the clear substance of the sarcomere) 
recedes into the sarcous element, causing the sarcomere to 
widen out and shorten. The contraction of the muscle is 
merely the sum total of this widening out and shortening of 
these bodies. 


A. Complete cell. B. Broken 
cell showing delicate external 
layer. 


Vessels and nerves of striped muscle. — The capill- 
aries of striped muscle are very abundant, and form 


a sort of rectangular network, the branches of which 
run longitudinally in the endomysium between the muscular fibres, and are 
joined at short intervals by transverse anastomosing branches. In the red 
muscles of the rabbit dilatations occur on the transverse branches of the capil- 
lary network. The larger vascular channels (arteries and veins) are found only 
in the perimysium, between the muscular fasciculi. Nerves are profusely dis- 
tributed to striped muscle. Their mode of termination is described in the 


chapter on Neurology. Lymph vessels do not occur in striped muscle, though 
they have been found in tendons and in the sheaths of the muscles. 


According to John Irvine Hunter, vertebrate muscle, like that of the in- 
vertebrates, consists of two kinds of fibres, i.e. those connected with active 


contraction, and those responsible for the maintenance of tonic contraction. 
The former are the ordinary striped muscle fibres innervated by ordinary 
medullated motor fibres. The latter consist of thin, red fibres, rich in sarcoplasm, 
and with a non-meduUated sympathetic nerve-supply. Though adecjuate 
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proof has been adduced for the double innervation of striped muscle, no 
unequivocal experimental evidence has been advanced in favour of the regu- 
lation of muscle-tone by sympathetic nerves. 

The unstriped, plain, or involuntary muscle is found in the following situa- 
tions — ^in the lower half of the oesophagus and the whole of the remainder of 
the gastro-intestinal tube ; in the trachea and bronchi ; in the gall-bladder and 
bile-duct ; in the large ducts of the salivary and pancreatic glands ; in the 
calyces of the kidney, the ureter, including its pelvis, the bladder, and urethra ; 
in the female sexual organs — ^viz. the ovary, the uterine tube, the uterus (enor- 


Fig. 4:5. — Anastomosing muscular fibres of 

the heart seen in a longitudinal section. Fio. 47. — ^Purkinje’s fibres from 
On the right the limits of the separate cells the sheep’s heart, x 250. 

with their nuclei are exhibited somewhat 



mously developed in pregnancy), the vagina, the broad ligament, and the cor- 
pora cavernosa of the clitoris ; in the male sexual organs — viz. the dartos of 
the scrotum, the vas deferens and epididymis, the seminal vesicle, the prostate 
and the corpora cavernosa and corpus spongiosum of the penis ; in the capsule 
and trabeculae of the spleen ; in the mucous membranes, forming the mus- 
cularis mucosae ; in the skin, forming the arrectores pilorum, and also in the 
sweat-glands ; in the mammary glands ; in the arteries, veins, and lymph 
vessels ; in the iris and ciliary muscle. 

Unstriped or plain muscle is made up of spindle-shaped cells (fig. 44), col- 
lected into bundles and held together by a cement-substance. These blindles are 
further aggregated into larger fasciculi, or sheets, bound together by areolar tissue. 

The cells are elongated, spindle-shaped, and nucleated, and are of various 
sizes., averaging from 40/x to 80/x in length, and 6/x to 7/x in breadth. On trans- 
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verse section they are more or less polyhedral in shape, from mutual pressure. 
Each presents a faint longitudinal striation and consists of an elastic cell-wall 
containing the contractile substance, and an oval or rod-like nucleus. A cen- 
triole lies close to the nucleus. The fibres are attached to one another by a 
certain amount of interstitial cement-substance which reduces nitrate of silver, 
but in some regions, e.g. the muscular coat of the intestines, the muscle-cells 
are also connected by ‘ bridges ’ similar to those which occur in the prickle cells 
of the epidermis. 

Sheets of smooth muscle frequently exhibit rhythmical contractions, which 
are more sluggish than the contractions of striped muscle and in many cases 
travel along the sheet in the form of waves. Such waves are well marked in 
the wall of the intestine. Contraction is often excited by a mechanical stimulus ; 
for example, distension of the urinary bladder or of the rectum excites the 
appropriate reflex of evacuation. 

The cardiac muscular tissue. — The fibres of the heart differ very remarkably 
from those of other striped muscles. They are striated both transversely and 
longitudinally, but the striation is finer as compared with that of striped 
muscle. The tissue consists of a branched sjmcytium in which there is no clear, 
cellular definition. The apparent cell boundaries (fig. 46) are now generally 
believed to be due to localised bands of contraction or to fragmentation during 
preparation of the specimen. The nuclei, which are oval in outline and central 
in position ^fig. 46), occur at regular intervals. The connective tissue between 
the bundles of fibres is much less than in ordinary striped muscle> and no 
sarcolemma has been proved to exist. 

Purkinje’s fibres (fig. 47). — Between the endocardium and the ordinary 
cardiac muscle peculiar fibres known as Purkinje's fibres are found imbedded in 
a small amount of connective tissue. They are associated with the terminal dis- 
tributions of the atrioventricular bundle. In man the fibres are no larger in size 
than the cardiac cells but differ from them in several ways. In longitudinal sec- 
tion they are quadrilateral in shape, being about twice as long as they are broad. 
The central portion of each fibre contains one or more nuclei aiid is made up of 
granular protoplasm, with no indication of striation, while elsewhere in the fibre 
transverse striations are conspicuous (fig. 691). The fibres are intimately con- 
nected with each other, possess no defoiite sarcolemma, and do not branch. 
They form a considerable portion of the moderator band in the heart of the sheep. 

The atrioventricular bundle (see chapter on Angiology) is composed of cells 
which differ from ordinary cardiac muscle-cells in being more spindle-shaped. 
They are, moreover, more loosely arranged and have a richer vascular supply 
than the rest of the cardiac muscle. 

Development of muscle-fibres. — Voluntary muscular fibres are developed 
from the mesoderm, the embryonic cells of which elongate, show multiplication 
of nuclei, and eventually become striated ; the striation is first obvious at the 
side of the fibre, spreads around the circumference, and ultimately extends to 
the cantre. The nuclei, at first situated centrally, gradually pass out to assume 
their final position immediately beneath the sarcolemma. In the case of involun- 
tary muscle the mesodermal cell assumes a pointed shape at the extremities and 
becomes flattened, the nucleus also lengthening out to its permanent rod-like 
form. 

NERVOUS TISSUE 

Nervous tissue is specialised for the inauguration, propagation and reception 
of nerve impulses, and its high degree of specialisation is indicated by the fact 
that, like muscle tissue, it has lost the power of reproduction. The nervous 
tissues of the body comprise the brain, the spinal cord, the cranial, spinal, and , 
sympathetic nerves, and the ganglia oonnscted with them. 

The nervous tissues are composed of nerve-cells and their various processes, 
together with a supporting tissue called neuroglia, which, however, is found 
only m the brain and spinal cord. Certain long processes of the nerve- cells 
are of special importance, and it is convenient to consider them apart from the 
cells ; they are knCwn as axons or axis-cylinder processes, and together with their 
covering sheaths they form the nerve -fires. 
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To the naked eye certain portions of the brain and spinal cord appear grey 
and others white, when freshly cut sections are examined. The grey matter is 
composed largely of nerve- cells, while the white matter contains only their long 
processes, the nerve-fibres. It is in the former that nervous impressions are 
received, stored, and transformed into efferent impulses, and by the latter that 
they are conducted. Hence the grey matter forms the essential constituent of 
all the ganglionic centres, both those in the isolated ganglia and those aggregated 
in the brain and spinal cord ; while the white matter forms the bulk of the 
commissural portions of the nerve-centres and the peripheral nerves. 

Neuroglia is the peculiar variety of ectodermal tissue which binds together 
the true nervous constituents of the brain and spinal cord. It consists of cells 
and fibres, and may be regarded as a special variety of connective tissue, found 
only in association with true nervous tissue. Some of the cells (spider- cells) 
are stellate in shape, with ill-defined cell-bodies. Their fine processes become 
neuroglia fibres and extend radially and unbranched (fig. 48 B), among the 


A. 


Fig. 48. — Neuroglia-cells of the brain shown by Golgi’s method. (After Amdriezen.) 
(From Sir E. Sharpey-Sehafer’s Essentials of Histology.) 

V 

\ 



Arborescent cell with branched processes. 



nerve cells and fibres which they aid in supporting. Other cells (arborescent 
cells) give off processes which branch repeatedly (fig. 48, A). Some of the fibres 
start from the epithelial cells lining the ventricles of the brain and central canal 
of the spinal cord, and pass through the nervous tissue, branching repeatedly, 
to end in slight enlargements on the pia mater. Thus, neuroglia is evidently a 
connective tissue in function, but it is not so in development ; it is ectodermal 
in origin, whereas all true connective tissues are mesodermal. 

Nerve-cells (fig. 49) are largely aggregated in the grey substance of the 
brain and spinal cord, but smaller collections of these cells also form the 
swellings', called ganglia, seen on many nerves . These latter are found chiefly upon 
the spinal and cranial nerve-roots and in connexion with the sympathetic nerves. 

Nerve-cells vary in- shape and size, and have one or more processes. A 
typical nerve-cell from the cerebral cortex possesses a number of processes. 
Of these one, and only one, acts as a transmitter to convey nerve impulses 
away from the cell. It is termed the axon or axis-cylinder jgrocess, and it has 
a characteristic structure, to be described later. The other processes are all 
receptors, and convey nerve impulses to the cell ; they are termed dendrites 
and they differ from the axon in structure as well as in other ways. Usually 
the axon is a long process, which gives off one or two collaterals but does not 
branch freely until it approaches its termination. The dendrites, on the other 
hand, are usually short and are restricted to the immediate vicinity of the 
cell-body. They branch freely, sometimes producing the most intricate patterns 
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(fig. 62) and end in minute twigs. Such nerve-cells are termed multipolar, and 
they abound in the grey matter of the brain and spinal cord and in the ganglia 
of the sympathetic system. 

All nerve-cells, however, are not multipolar. The nerve-cells in the retina 
and in the spiral and vestibular ganglia of the eighth cranial nerve are bi-pohr 


Fig. 49. — ^Various forms of nerve-cells. 



(fig. 49). One process enters the cell from the periphery and functions as a 
dendrite : the other leaves the cell to enter the brain' and functions as the 
axon. Structurally, however, both are axons. Bipolar cells are found through- 
out life in the spinal ganglia of fishes, and they occur in the same situation in 
the human embryo. The condition of bi-polarity therefore may be regarded 
justifiably as primitive. 


Fio. 60. — motor nerve-cell from the anterior horn of the spinal cord of an 
ox, stained with methylene blue, x 600. The spindle-shaped Nissl’s granules 
are shown. The dendrites and axon are broken off close to the cell. 



In the adult the nerve-cells in the spinal ganglia and the ganglia of the 
cranial nerves (apart from the eighth) are unipolar, and the condition is brought 
about in the foetus by the approximation and fusion of the proximal parts of 
the two processes above-mentioned. The single process of these unipolar cells, 
after a short course from the cell-body, divides in a T-shaped manner (fig. 49) 
into two processes. Of these one runs jbowards the periphery and, as it con- 



NERVOUS TISSUE 39 

ducts impulses towards the cell, functions as a dendrite ; the other enters the 
centra] nervous system and, "as it conducts impulses away from the cell, func- 
tions as an axon. Structurally, however, the functional dendrite of a unipolar 
cell is indistinguishable from the axon. 

The body of the nerve- cell is known as the cyton. In fixed and stained 
preparations it consists of a finely fibrillated protoplasmic material in which 
there are occasionally patches of a deeper tint, caused by the aggregation of 


Fig. 51. — pj^ramidal cell from the 
cerebral cortex of a mouse. Golgi 
method. (After Bamoix y Cajal.) 



Fig. 52. — ^A cell of Purkinje from the cerebellum. 
Golgi method. (Ramon y Cajal.) 


a. Axon. h. Collateral, c and d. Dendrites. 



pigment-granules at the sides of the nucleus, as in the substantia nigra and locus 
coeruleus of the brain. The protoplasm also contains peculiar angular masses 
of granules which stain deeply with basic dyes such as methylene blue ; these 
are known as NissVs spindles (fig. 50). These bodies extend into the dendritic 
processes but not into the axon, and they disappear {chromatolysis) during 
fatigue or after section of the nerve-fibre connected with the cell. They are 
supposed to represent a store of nervous energy, and in various mental diseases 
are deficient or absent. The nucleus is, as a rule, a large, well-defined body, with 
a relatively small amount of chromatin, and contains a well-marked nucleolus. 
The small clear area at the point of exit of the axon is termed the cone of origin. 

In addition to the protoplasmic network described above, each nerve-cell 
may be shown to have delicate neurofibrils running through its substance 
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(fig. 53) ; these fibrils are continuous with the Abrils of the axon, and are 
believed to convey nerve-impulses. A ^pericellular network of fine branching 
fibres is a characteristic feature of many nerve- cells. 

Mott and Marinesco have shown that, when living nerve- cells are examined 
by the dark ground illumination method, neither NissFs bodies nor fibrils of any 
kind can be seen. The constancy of the occurrence of both these structures in 
fixed preparations, however, indicates that they represent something specific 
in the living cell. 

Nerve-fibres are found universally in the peripheral nerves, and in the white 
matter of the brain and spinal cord. They are of two kinds — viz. medullated 
or white fibres, and non-medullated or grey fibres. 

Fig. 5? .-Nerve-cells of a kitten, showing'neurofibrils. (Rarnon y Cajal.) 



a. A-\ou. h. Cyton. c. Nucleus, d. Neurofibrils. 


The medullated fibres form the white matter of the brain and spinal cord, 
and also the ^eater part of every cranial and spinal nerve, and give to these 
structures their opaque, white colour. When perfectly fresh they appear to 
be homogeneous ; but soon after removal from the body each fibre, when 
examined by transmitted light, presents a double outline or contour, as if con- 
sisting of two parts ffig. 54). The central portion is the axon ; it is surrounded 
by a sheath of fattj)' material, staining black with osmic acid, named the white 
substance of Schv)ann or medullary sheath, which gives to the fibre its double 
contour ; and the whole is enclosed in a delicate membrane, termed the neuron- 
lemma, primitive sheath, or nucleated sheath of Schwann {fig. 55). Medullated 
nerve-fibres vary in dimeter from 2^ to 16/4. 

The axon is the essential part of the nerve-fibre, and is always present ; the 
medullary sheath and the neurolemma are occasionally absent, especially at 
the origin and termination of the nerve-fibre. The axon undergoes no interrup- 
tion from its origin in the nerve-centre to its termination, and must be regarded 
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as a direct prolongation of a nerve-cell. Nerve-fibres in the white matter of 
the brain and spinal cord give off twigs known as collaterals. These arise from 
the main fibre at right angles to its 

course and run into the grey matter, Fia. 54.— MeduUated nerve-fibres. x350. 
where they terminate by arborisation. 

The axon constitutes about one-half 
or one-third of the nerve-fibre, being 
greater in proportion in the fibres of 
the central nervous system than in 
those of the peripheral nerves. It is 
quite transparent, and is therefore 
indistinguishable in a perfectly fresh 
and natural state of the nerve. It is 
made up of exceedingly fine fibrils 
(figs. 55 and 56), which stain darkly 
with gold chloride, and at its termina- 
tion may be seen to break up into 
these fibrils. The axon is said by 
some to be enveloped in a special re- 
ticular sheath, which separates it from 
the medullary sheath, and is composed 
of a substance called neurokeratin. The more common opinion is that this 
network or reticulum is contained in the white substance of Schwann, and 
by some it is believed to be produced by the action of the reagents employed 
to show it. 

The medullary sheath or white substance of Schwann (fig. 55) is regarded as 
being a fatty material in a fluid state, which insulates and protects, or possibly 
supplies nutriment to, the essential part of the nerve — the axon. As a general 
rule its thickness is proportional to the size of the axon, and is such that it 



Fig. 55. — A diagram of longitudinal sections of medullated nerve-fibres. 
Osmic acid. 



forms about half of the total area of the cross-section of the fibre. Its con- 
tinuity is interrupted at intervals of about 1 mm., giving to the fibre the appear- 
ance of constriction at these points ; 'these are known as the nodes of Ranvier 
(figs. 54 and 55). The portion of nerve-fibre between two nodes is called an 
internodal segment. The neurolemma or primitive sheath is not interrupted at 
the nodes, but passes over them as a continuous membrane. Some observers, 
however, believe that the neurolemma of one internodal segment is connected 
with that of the adjacent segment at the node by cement-substance. If the 
fibre be treated with silver nitrate the reagent penetrates the neurolemma at 
the nodes, and, on exposure to light, reduction takes place, giving rise to the 
appearance of black crosses [Ranvier's crosses) on the axon. Transverse lines, 
termed Frormnn's lines (fig. 57), also may be seen beyond the nodes ; their 
significance is not understood. In addition to these interruptions, oblique clefts 
or incisures may be seen in the medullary sheath, subdividing it into irregular 
o.A. b2 
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portions, which are termed medullary segments ^ or segments of Lantermann (figs. 
54 and 55 ) ; there is reason to believe that these clefts are artificially produced 
in the preparation of the specimens. Medullated nerve-fibres, when examined 
in the fresh condition, frequently present a beaded or varicose appearance, due 
to manipulation and pressure, which cause the oily matter to collect into drops ; 
in consequence of the extreme delicacy of the primitive sheath even slight 

pressure will cause the transudation 
Fig. 56. — Transverse sections through medul- of the fatty matter, which collects as 

lated nerve-fibres. Osmic acid. drops of oil outside the sheath. 

The neurolemrm or primitive 
sheath is a delicate, structureless 
membrane ; here and there beneath 
pillar — NeuroUmma it, and situated in depressions in 

^ — Medullary sheath the white substance of Schwann, are 

nuclei, each surrounded by a small 
amount of protoplasm. The nuclei 
are oval and somewhat flattened, 
and one is generally found in the middle of each internode. The primitive 
sheath is absent from the medullated fibres of the brain and spinal cord. 

Wallerian Degeneration . — ^When nerve-fibres are cut across, the, central ends of the 
fibres degenerate as far as the first node of Ranvier ; but the peripheral ends degenerate 
simultaneously throughout their whole length. The medullary sheath of each fibre 
becomes broken down, forming droplets of fatty substance, and the axon undergoes frag- 
mentation. The nuclei of the primitive sheath proliferate, and finally absorption of the 
axons and fatty substance occurs. If the cut ends of the nerve be sutured together, 




Fig. 58. — A small branch 
from the sympathetic 
trunk of a mammal. 



a 

a. Two suiaU medullated nerve- 
fibres among a number of non- 
medullated nerve-fibres, b. 


regeneration of the nerve-fibres takes place by the downgrowth of axons from the central 
end of the nerve. At one time it was believed that the regeneration was peripheral in 
ori^, but this has been disproved,, the proliferated nuclei in the peripheral portions 
taking part merely in the formation of the so-called scaffolding along which the new axons 
pass. Regeneration of the peripheral end of a cut nerve-fibre occurs only when the fibre 
possesses a primitive sheath. As a result the medullated fibres of the brain and spinal cord 
cannot regenerate after they have been severed. 

N on-medullated fibres. — ^Most of the fibres of the sympathetic system, and 
some of the cerebrospinal, consist of the grey or gelatinous nerve-fibres — fibres 
of Remah (fig. 58). Each of these consists of an axon to which nuclei are applied 
at intervals. These nuclei are believed to be in connexion with a delicate 
sheath corresponding with the neurolemma of the medullated nerve-fibre. In 
external appearance the non-meduUated nerve-fibres are semitransparent and 
grey or yellowish-grey. The individual fibres vary in size, generally averaging 
about half the size of the medullated fibres. 
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INTRODUCTION 

T he series of changes which constitutes the development of the human body 
commences when the female germ-cell, or ovum, is fertilised by a male 
germ-cell, or spermatozoon, and terminates when the adult condition is reached. 
Embryology deals with the changes which occur prior to the birth of the child. 

Two processes, intimately associated with each other although essentially 
distinct, are responsible for the transformation of the single-celled ovum into 
the complex form of the newly born child. These processes are (1) growth and 
(2) differentiation. Growth, with certain exceptions to be noted later, involves 
increase in size brought about by cell division and is dependent on the ingestion 
of a sufficient quantity of the appropriate type of nourishment. The process of 
growth is not a simple one, for in certain situations it must be accompanied 
by a process of absorption, which is just as much an indication of growth 
activity as increase of size. For example, as the mandible increases in size, 
the: anterior part of its ramus is constantly being remodelled by a process of 
absorption, while the opposite phenomenon of bone deposition is occurring 
along its posterior border. 

Differentiation is the process whereby a group of cells assumes certain 
special characteristics which enable them to carry out some particular function. 
It was long believed that all the stimuli which lead groups of cells to undergo 
differentiation were inherent in the cells themselves and were directly due to 
an hereditary factor, biit this view requires considerable modification in the 
light of recent experimental work. The earliest cells derived from the fertilised 
ovum are totipotent, i.e. any one of them may go on to form a complete embryo, 
but, as development proceeds and the first signs of differentiation appear, the 
potency of the cells concerned in the differentiation becomes reduced and 
limited. Before a group of cells can become differentiated along certain lines, 
it'must not only possess the requisite potency but it must also receive a deter- 
mining stimulus, and this stimulus is usually provided by its environment. 
Recent experimental work has shown that, so long as their differentiation has 
not been carried too far, cells which normally give rise to a particular tissue 
or organ can be influenced to differentiate into quite different structures if 
they are brought into a different environment, e.g. contact with a group of 
cells to which they bear no relation normally. Under normal conditions the 
ectoderm on the surface of the head which overlies the developing optic vesicle 
undergoes a series of changes and gives rise to the lens. If the optic vesicle is 
transplanted into the tissues of the abdominal wall, the lens fails to develop in 
its normal situation, but the ectoderm under which the transplanted vesicle 
lies will form a lens in the ordinary way. Spemann, working on amphibian 
larvse, transplanted portions of the dorsal lip of the blastopore into an un- 
differentiated region of another embryo. As a result the transplant and the 
tissues of the host interacted on one another in such a way that a secondary, 
incomplete embryo formed in the tissues of the host. This, and other experiments 
of a similar nature, demonstrate the latent potencies of undifferentiated cells and 
the organising power of the cells situated in the dorsal lip of the blastopore. 

Many tissues of the adult body retain their potencies to a large extent and 
are capable of taking on new characters when an appropriate stimulus is 
received, always provided that their cells are still able to reproduce themselves. 
Such processes frequently occur in the formation of tumours and in other 
pathological conditions. They serve to demonstrate that the individual cells 
do not possess any inherent tendency to take on special characters but that 
their future depends on their potencies and their environment. 

Differentiation is the result of the activities of certain growth organisers, 
such as the’ dorsal lip of the blastopore, but it would appear that the latter are 
unable to control the growth after a certain stage has been reached. For 
example, a portion of an optic vesicle, if transplanted, may continue to grow 
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and may give rise to a complete vesicle, independently of the environment in 
which it may be placed. If it fails to behave in this way, the transplant dies 
and is absorbed. The regulation and control of the extent of growth processes 
are apparently effected by the hormones secreted by the ductless glands, but 
nothing is known of the way in which they exercise their influence - 

The importance of embryology. — ^To the student of medicine the study of 
human embryology is of great practical value, for it renders intelligible many of 
the facts of human anatomy which are otherwise meaningless or anomalous. 
In its early stages the body of the embryo exhibits an almost perfect symmetry, 
which, owing to a variety of causes, becomes considerably obscured in certain 
regions of the body in the adult. The normal processes of development supply 
not only the reasons for these differences but also the explanations of those 
departures from the normal which constitute congenital abnormalities or defects. 

In addition to its value as an aid to the interpretation of human anatomy, 
embryology possesses importance on account of the evidence which it provides 
regarding the phylogeny of man. The changes which any embryo undergoes 
in the course of its development repeat — often, it is true, in a very abridged 
form — the changes which occurred in the embryos of its ancestral foi:ms. The 
embryos of all vertebrates exhibit a stage in which gill-arches and clefts are 
present in the neck region. In fishes the cleft membranes break down and the 
gills develop and persist as essential functional structures in the adult form. 
In all air breathing vertebrates this stage, although transient, nevertheless 
occurs, but, in the human embryo, the cleft membranes never break down. 
In many oases the constituent parts of the arches become modified and adapted 
for new uses, a remarkable and noteworthy fact to which reference will be made 
repeatedly in the following pages. 

Having regard to the main purpose of this work, it is impossible, in the space 
available in this chapter, to describe or illustrate fully all the changes which 
occur during the development of the human body. Only the principal facts 
are given, and the student is referred for further details to one or other of the 
text-books * on embryology. 


THE OVUM 


Fig. 59.- 


-A section through an ovarian follicle of a 
cat. X 50. 


Theca Jolliculi 
Stratum granulosum 


The ova develop in the ovary, which is the sexual gland of the female. 
The primitive sex cells are differentiated at a very early stage of development 

(p. 192) and by their repeated 
division give rise to a num- 
ber of smaller cells, termed 
oogonia. After a time the 
oogonium ceases to divide 
and passes through a resting 
phase. It has now become 
an ovum or primary oocyte, 
and the changes which it 
subsequently xmdergoes con- 
stitute the maturation or 
ripening of the ovum. 

Human ova vary from 
about lllfM-f to 142/.C in 
diameter, according to their 
stage of development. They 
are contained within the 
vesicular (Graafian) follicles 
of the ovaries ; as a rule 
each follicle contains one 
ovum, but sometimes two 


Zona pellucida 
Germinal vesicle. 

Cumulus ovaricus 



* Manual of Human Embryology, Keibel and Mall ; Handhuch der vergleichenden und 
exjyerimentellen Entwickelungslehre der Wirheltiere, Oskar Hertwig ; Human Embryology and 
Morphology, Arthur Keith, 1921 ; Traitk d' Embry ologie des vertibres, A. Brachet, 1921 ; 
Vertebrate Embryology, Jenkinson ; The Physiology of Reproduction, Marshall ; Manual 
of Embryology, J. E. Frazer, 1931. 
tM — 'OOimm. 
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or more are present. Each ovum is at first invested by a single layer of cubical 
cells, which by multiplication form several layers. At a later stage a cavity 
filled with fluid appears amongst the cells, and gradually splits them into 
two strata, an inner (cumulus ovaricus) and an outer (stratum granulosum) ; 
but at one spot the strata remain in continuity. The stratum granulosum, is 
enveloped by a sheath (theca follicuh) derived from the stroma of the ovary * 
(fig. 59). By the enlargement and subsequent rupture of a follicle at the surface 
of the ovary, an ovum, surrounded by the cells of the cumulus, is liberated 
and enters the uterine tube, through which it is conveyed to the cavity of the 
uterus. Unless the ovum is fertilised it is discharged from the uterus, but if 


Fig. 60. — A human ovum stained with Mallory’s aniline blue, x 600. Drawn 
from a specimen lent by Professor Arthur Thomson, University of Oxford. 
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fertilisation takes place it is retained there and is developed into a child, which is 
born at the end of ten lunar months of twenty-eight days or nine calendar months . 

Although the ovum (fig. 60) is very much larger than the ordinary cell, it 
resembles it closely in structure and general appearance, but distinctive names 
are given to its several parts ; thus, the cell-substance is known as the yolk or 
ooplasm, the nucleus as the germinal vesicle, and the nucleolus as the germinal 
spot. The ovum has a thick, transparent envelope named the zona striata or 
zona pellucida, and then the ovum is liberated from the vesicular follicle, several 
layers of cells, derived from those of the cumulus ovaricus, adhere to the outer 
surface of the zona pellucida, and collectively constitute the corona radiata. 

It should be stated that a radical selective elimination occurs in human ova 
during the late stages of the growth of the follicles. Only one ovum is shed 
from each ovary in each menstrual cycle, but in the same period a large number 

* For further particulars, see description of the ovary under Splanchnology. 
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(5-20) j although developing normally for a time, subsequently show atretic 
changes and become degenerated.* 

The yolk comprises (1) cytoplasm similar to that of the ordinary animal cel] 
(p. 1), and frequently termed the formative yolk ; (2) deutoplasm or nutritive 
yolk, which consists of fatty droplets containing lecithin — a phospholipin closely 
allied to and found with the animal fats.f In the mammalian ovum the deuto- 
plasm is extremely small in amount, and nourishes the embryo in the early 
stages of its development only, whereas in the egg of the bird there is sufficient 
to supply the chick with nutriment throughout the whole period of incubation. 
The mode of distribution of the deutoplasm within the egg varies in different 
animals ; in some it is. almost uniformly dispersed throughout the cytoplasm ; 
in others it is centrally placed and surrounded by the cytoplasm ; and in others 
it is accumulated at the lower pole of the ovum, while the cytoplasm occupies 
the upper pole. A centrosome and centrioles are sometimes present and lie in 
the immediate neighbourhood of the nucleus ; they are absent, however, in the 
mature ovum (p. 47). 

The nucleus or germinal vesicle is a large spherical body which usually 
occupies an eccentric position in the yolk. Its structure is that of an ordinary 
cell-nucleus, viz. it consists of a reticulum or karyomitome the meshes of which 
are filled with karyoplasm. Connected with, or imbedded in, the reticulum 
there are a number of chromatin masses or chromosomes, which may present 
the appearance of a skein or may assume the form of rods or loops. The nucleus 
is enclosed by a delicate nuclear membrane, and contains in its interior a well- 
defined nucleolus or germinal spot. 

THE COVERINGS OP THE OVUM 

The zona pellucida or zona striata (fig. 60) is a thick membrane, which, under 
the higher powers of the microscope, is seen to be radially striated. Between 
it and the cytoplasm of the ovum there is a narrow perivitelline space, filled with 
fluid, in which the polar bodies are seen lying after their extrusion from the 
ovum, Thomson J describes the zona pellucida as consisting of (a) an inner, 
homogeneous layer which is derived from the ovum, and (6) an outer, fibrillar 
layer formed by the felting of the basal fibres of the innermost cells of the 
corona radiata. He is also of opinion that there is distinct evidence of a vitelline 
membrane within the zona pellucida. 

The corona radiata (fig. 60) consists of two or three strata of radially arranged 
cells. These consist of the cells of the cumulus ovaricus, which adhere to the 
outer surface of the zona pellucida when the ovum is set free from the vesicular 
follicle. The cells of the innermost layer are columnar in shape, and send 
delicate processes through the zona pellucida, thus giving the latter a striated 
appearance. 

THE MATURATION OP THE OVUM 

Before an ovum or primary oocyte can be fertilised, it must undergo a 
process of maturation or ripening. This consists of a preliminary stage of 
growth during which the ovum increases greatly in size, followed first by a 
heterotypical or reduction division and then by -a homotypical division. The 
whole process has been carefully studied in the ova of many of the lower animals 
and the following description is based on these investigations. 

During the stage of growth, changes occur both in the nucleus and in the 
cytoplasm. The nuclear changes affect chiefly its chromatin content. The 
chromosomes become prominent and stain deeply with basic dyes. Ihey unite 
with one another in pairs, usually in their long axes, so that their number is 
reduced by half, each however representing a double chromosome. This pro- 
cess is termed the conjugation of the chromosomes, and it would appear to be 

* Edgar Allen, J. P. Pratt, Q. XJ. Newell and L. J, Bland, American Journal of Anatomy, 
vol. 46, No. 1. 

t Arthur Robinson {Proceedings of the Anatomical Society of Great Britain and Ireland, 
1926, p. 109) has shown that unsaturated fat, demonstrable by osmic acid, is practically 
absent from human ova, and from the ova of rats and naice, but is present in large amount 
in the ova of dogs and ferrets, where it forms the greater part of the volume of the ova. 

t Professor Arthur Thomson, Journal of Anaiomy, vol. liii. 1919. 
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an essential preliminary to the ensuing hetero typical division. As already 
stated (p. 2) the number of chromosomes found in the nucleus is constant for 
all the cells in an animal of any given species, and in man the number is probably 
forty-eight. This applies not only to the somatic cells but to the oogonia and 
the primary oocytes also. In the latter two of the chromosomes are believed 
to possess distinguishing features and are known as the a;-chromosomes. The 
conjugation process reduces the number of chromosomes in the human primary 
oocyte to twenty-four, one of which is formed by the union of the two aj- chromo- 
somes with each other. 

The changes in the cytoplasm which mark the period of growth result in a 
great increase in the size of the cell. Its metabolic processes become extremely 
active, and a store of nourishment is accumulated which is necessary for the 
supply of the ovum during the early stages of its development. The essential 
feature of the metabolic activity is the formation of deutoplasm, but at the same 
time the amount of protoplasm increases, and the mitochondria become much 
more numerous. 


Fig. 61. — The formation of the polar bodies in Asterias glacialis. 
(Slightly modified from Hertwig.) 

1 II HI 



IJ.vn in fig. VI) the female pronucleus is developed. 


Having passed through this period of growth, the ovum is now ready to 
undergo heterotypical division. Near its upper pole the double chromosomes 
arrange themselves in an equatorial plate with reference to the spindle, which is 
placed radially. The chromosomes divide and one half of them pass centrally, 
while the other half pass outwards, forming a projection at the upper pole of 
the ovum, which becomes separated off to form the first polar body. The 
division of the cytoplasm, unlike the division of the nucleus, is unequal, and 
the polar body only carries with it a small part of the cytoplasmic content 
of the ovum. Following this reductional division the nucleus of the larger 
cell, which is now a secondary oocyte, is not reconstituted before the cell again 
divides. Its chromosomes rearrange themselves in an equatorial plate at the 
upper pole of the cell, and undergo homotypical division so that a second polar 
body is formed. The larger cell, which has lost but little of its cytoplasm, is 
now a nature ovum and lies within the zona pellucida, together with the two 
polar bodies, or three, if the first has succeeded in dividing, as it does in some 
species. The chromosomes of the mature ovum lose their identity during the 
resting stage prior to fertilisation and form a reticulum, constituting the female 
pronucleus. The mature ovum is characterised (1) by the number of its chromo- 
somes, which is just one-half of the typical number for the somatic cells of the 
species, (2) by its great size and the large amount of cytoplasm relative to 
the size of the nucleus, and (3) by the presence of the deutoplasm. The 
sequence of heterotypical and homptypical divisions which is characteristic of 
the maturation of the sex cells, is termed meiosis.*- 

* DijEferent authors employ the term ‘meiosis’ with varying shades of meaning, but it 
always implies a reduction in the number of chromosomes. 



48 


EMBRYOLOGY 


In most vertebrates the heterotypical division occurs before the ovum or 
primary oocyte is liberated from the vesicular (Graafian) follicle, and the 
homotypical division after a spermatozoon has penetrated the zona pellucida. 
Thomson * has submitted evidence to show that in man both polar bodies are 


Fig. 62. — A diagram showing the reduction in number of the chromosomes 
during the maturation of the ovum. The first division is heterotypical, the 
second homotypical. 



Polar bodies 


extruded before the ovum is liberated from the follicle ; in other words, the 
process of maturation is completed before the ovum has been subjected to 
the infiuence of a spermatozoon. Additional evidence in favour of this view 
has been adduced recently as the result of the investigation of fresh material 
obtained at operations.! 


THE SPERMATOZOON 

The spermatozoa or male germ-cells are developed in the testes and are 
present in enormous numbers in the seminal fluid. Each consists of a small 
but greatly modified cell, and possesses a head, which represents the nucleus, 
a neck, a body or connecting piece, and a tail (fig. 63). 

The head is ovoid or elliptical, but flattened, so that when viewed in profile it is pear- 
shaped. A layer of modified protoplasm, named the head-cup, covers its anterior two-thirds, 
and ends in front in a sharp edge. 

The neck is less constricted in the human spermatozoon than in the sparmatozoa of some 
of the lower animals. The anterior centriole is situated at the junction of the head and neck, 
and behind it there is a band of homogeneous substance. 

The body or connecting piece is rod-like, and is limited behind by a teminal disc or rhig. 
The posterior centriole is placed at the junction of the body and neck, and from it an axird 
filament, surrounded by a sheath, runs through the body and tail. In the body the sheath 
of the axial filament is encircled by a spiral thread, which ie enclosed in an enveloi^e contain- 
ing chondriosomes or mitochondria granules, and termed the mitochondrial sheuth. 

The tail consists of the axial thread or filament, surrounded by a thin protoplasmic 
sheath ; the terminal portion or end-piece of the tail is composed of the axial filament only. 

Krause gives the length of the human spermatozoon as between 62/i. and 62/^, the head 
measuring 4/>t to 5/x, the connecting piece 6ft, and the tail from 4:lp, to 

By virtue of their tails, which act as propellers, the spermatozoa are capable 
of free movement, and ascend from the vagina into the cavity of the uterus, 
and from the latter into the uterine tube ; if placed in favourable surroundings 

* Loc. c^7. f Edgar Allen and othei-s. Loc, cit. 
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(e.g. in the female passages) they will retain their vitality and fertilising power 
for several days. 

The spermatozoa are developed from the primary germ- cells (p. 192) im- 
bedded in the testes, and the stages of their development are very similar to 
those of the maturation of the ovum. The primary germ-cells undergo division 
and produce a number of cells termed sperrmtogonia. 

After a number of mitoses the spermatogonia enter on a resting phase and 
gradually change, without further division, into primary spermatocytes. During 
this period the cell body enlarges, the mitochondria increase in number, and 

Fig. 63. — A human spermatozoon, highly magnified. A. Profile view. B. Surface 
view. (After Retzius.) 0. A diagrammatic representation of the head, neck 
and connecting piece, more highly magnified. (Modified from Meves.) 




the centrosome, previously dfficult to identify, becomes easy to recognise. 
The nuclear changes, which are of a very complicated character, result in a 
process of conjugation of the chromosomes, whereby their number is reduced 
to one-half. The chromosomes of the spermatogonia include two sex chromo- 
somes, one of which, the a:- chromosome, is identical with the sex chromosomes 
of the oogonia ; the other is very diminutive and is termed the ?/- chromosome. 
During conjugation the x- and the t/-chromosomes become mated. It should 
be stated that many authorities deny the existence of a ^/-chromosome in man, 
and believe that during conjugation the cr-chromosome does not mate. 

The primary spermatocyte now proceeds to divide by a heterotypical 
mitosis into two apparently equal secondary spermatocytes, each of which 
possesses one-half of the number of chromosomes which is typical for the 
species. The only difference between them involves the sex chromosomes. 
When division occurs, the mated x- and t/- chromosomes separate and pass to 
opposite poles of the spindle, so that one becomes included in one secondary 
spermatocyte, and the other in the other. After a brief resting phase each 
secondary spermatocyte divides, by a process of homotypical mitosis, into two 
spermatids. Division affects the x- and i/- chromosomes as well as the others, 
and of the four spermatids which result from the division of each primary 
spermatocyte, two possess x-chromosomes and two possess i/- chromosomes, 
while all four contain half of the number of chromosomes which is typical for 
the species. 
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Interesting changes occur during the conversion of the spermatid into the spermatozoon 
(fig. 64). At first the two centrioles lie side by side, but they soon alter their positions so 
that one comes to be placed deeper than the other ; the deeper one forms the anterior 
centriole of the neck. The axial filament grows out from the superficial centriole, which 
divides into an anterior and a posterior part. The anterior part forms the posterior 
centriole of the neck, while the posterior part, which is ring-like, migrates to the distal end 


Fig. 64 . — The transformation of a spermatid into a spermatozoon. Diagrammatic*. 

(Modified from Meves.) 




of the connecting piece or body and there forms the terminal disc or ring, through which 
the axial filament passes. The nucleus of the spermatid forms the head of the spermato- 
zoon, and the cytoplasm, the investing sheath of the body and tail. 


On comparing the development of the spermatozoon with the niaturatiou 
of the ovum or primary oocyte (fig. 65) it will be observed that the primary 
spermatocyte gives rise to two secondary spermatocytes, and the primary 


Fig. 65. — A scheme showing the analogies in the process of maturation of the 
ovum and the development of the spermatids (young spermatozoa). 



oocyte to the secondary oocyte and the first polar body ; the two secondary 
spermatocytes give origin to four spermatozoa, and the secondary oocyte and 
first polar body to four cells, the mature ovum and three polar bodies. In the 
development of the spermatozoon, and in the maturation of the ovum, there is 
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a reduction of the nuclear chromosomes to one-half of those present in the 
parent cell, and in each case the reduction is preceded by a process of conjug- 
ation of the chromosomes. But here the similarity ends, for it must be noted 
that the four spermatozoa are of equal size, and each is capable of fertilising 
a mature ovum, whereas the three polar bodies are much smaller than the 
mature ovum, are incapable of further development, and may be regarded as 
abortive ova. 


THE FERTILISATION OF THE OVUM 

Fertilisation consists of the' union of a spermatozoon with a mature ovum 
(fig. 66). Nothing is known as to the fertilisation of the human ovum, but the 
various stages of the process have been studied in other mammals, and from 
the knowledge so obtained it is believed that fertilisation of the human ovum 
takes place in the lateral or ampullary part of the uterine tube. 

A spermatozoon pierces the zona peUucida and enters the mature ovum, 
the point of entry being closed at once to prevent the admission of other 
spermatozoa. If the ovum has not thrown off its second polar body, it does 
so immediately after the entry of the spermatozoon. At the same time the 


Fig. 66.~The process of fertilisation in the ovum of a mouse. (After Sobotta.) 




latter sheds its tail, whilst, its head and body become altered, to form the male 
pronudeus and two cenirosomes. The male pronuoleus increases in size by 
absorbing fluid from the ovum, and there develops in its immediate neighbour- 
hood a radial arrangement of the granules of cytoplasm, which has been termed 
the aster of fertilisation. ■ ^ r. 

At the of the entry of the spermatozoon, the ovum has laid.up such a 
store of nutriment that there would appear to be danger of ite dying from 
autointoxication. The contact of the spermatozoon has a striking effect. ^ A 
wave of contraction passes over the ovum from its upper pole and a quantity 
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of deutoplasm is extruded from the cell and comes to lie between it and the 
zona pellucida. This process is termed deutoplasmolysis. It appears to have 
a beneficial effect on the ovum, freeing its cytoplasm of waste products and 
enabling it more easily to orientate itself within the zona pellucida. The 
process effects an alteration in the polarity of the ovum, for the two pronuclei 
approach each other in the centre of the cell or even at what was previously 
the lower pole. 

The two pronuclei fuse with each other and give rise to the segmentation 
nucleus. This step is the essential feature of fertilisation. The nucleus so 
formed now possesses the number of chromosomes which is typical for the 
species, and one-Half of them has been derived from the ovum and one-half 
from the spermatozoon. Following the fusion of the pronuclei the aster of 
fertilisation disappears, and the centrosomes of the spermatozoon separate from 
one another and proceed to opposite poles of the segmentation nucleus. The 
chromatin network breaks down and the chromosomes arrange themselves in 
an equatorial plane in the spindle formed between the two centrosomes. They 
then divide and retreat from the equator in opposite directions. Intense activity 
of the cytoplasm is apparent at this stage and results in the segmentation of 
the ovum into two daughter cells which are nearly equal in size. The next 
stage, viz. the segmentation of the ovum, has now begun. 

Applied Anatomy . — Sometimes the fertilised ovum is arrested in the uterine tube, and 
undergoes development there, giving rise to a tvbal pregimncy ; or it may fall into the 
abdominal cavity and produce an abdominal pregnancy ; occasionally it is not expelled 
from the vesicular follicle when the latter ruptures, but is fertilised within the follick? and 
produces what is known as an ovarian pregnancy. Under normal conditions only one 
spermatozoon enters the yolk and takes part in the process of fertilisation. 


Fig. 67. — ^Th© first stages of the segmentation of a mammalian ovum. 
Semidiagrammatic. (From a drawing by. Allen Thomson.) (Quain’s 
Elements of Anatomy.) 




The role of the chromosomes.*— According to recent researches the mature 
ovum contains within itself all the materials essential for the formation of a new 
being, and in the lower forms at least may produce such, when its potential 
energy is converted into free energy by suitable mechanical or physico-chemical 
means. Loeb and others have been able to imitate the process of fertilisation 
in sea-urchins, frogs, etc., by altering the osmotic pressure of the unfertilised 
ovum. 

* Consult The Organism as a Whole, by Jacques Loeb ; The Physical Basis of Heredity, 
by Morgan ; The Mechanism and Physiology of Sex Determination, by Goldschmidt, 
translated by Dakin. ® 
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Reference has already been made to the fact that the spermatozoa, in 
equal numbers, contain either an x- or a ^/-chromosome, and that the mature 
ovum contains one rr-chromosome. If an ovum be fertilised by a spermato- 
zoon containing an £r- chromosome, the cells of the embryo will each con- 
tain two ci;- chromosomes and the embryo will be female, but if an ovum 
is fertilised by a spermatozoon containing a y-chromosome, the cells of the 
embryo will each contain one x- and one ^/-chromosome and its sex will be 
male. * 

This, however, is not the only factor involved in the determination of sex. 
The theory advanced is that the chromosomes contain materials which initiate 
and control, by chemical means, the processes that lead to the development of the 
various tissues and their individual peculiarities. The establishment of a sex- 
difference is thereforCj in the first instance, dependent on a speciahsed chromo- 
some, but the development of the sexual features results from the presence of 
specialised chemical substances in the chromosomes. 

The ova of certain animals contain a variable amount of pigment which, as the result 
of fertilisation, undergoes rearrangement in a very regular manner so as to form a crescentic 
area, intermediate in tint between the darkly pigmented area and the lighter polar area. 
This has been termed the “ grey crescent.” Its central, deeper portion controls the growth 
of the head and exerts an influence over the horns of the crescent, which are responsible 
for the formation of the right and left halves of the trunk and the corresponding limbs.* 
The polarity of the fertilised ovum is therefore fixed at a very early stage, and it would 
appear that, in many animals at least, the plane of bilateral symmetry is determined by 
the line of entry of the spermatozoon. Nevertheless it must be remembered that the cells 
derived from the ovum by its early segmentations are totipotent. Consequently a fertilised 
ovum may later divide into two equal parts, each of which may go on to form a complete 
embryo {uniovular twins) , although under normal conditions it will only give rise to a 
single embryo. 


THE SEGMENTATION OF THE FERTILISED OVUM 

The early stages in the development of the human ovum have not yet been 
seen, but from what is known to occur in other mammals it may be regarded 
as certain that the process of segmentation starts immediately after fertilisation, 
i.e. while the ovum is in the uterine tube. The nucleus exhibits the usual 
changes, and these are succeeded by division of the fertilised ovum into two 
cells of nearly equal size. The process is repeated again and again, so that the 
two cells are succeeded by four, eight, sixteen, thirty- two, and so on, with the 
result that a mass of cells is formed, and to this mass the term morula is applied 
(fig. 67). During these changes the intense activity of the cytoplasm of the cells 
is evidenced by the constant streaming of their contained granules. The indi- 
vidual cells do not remain motionless but restlessly alter their positions relative 
to one another and reorientate themselves within the zona pellucida in order 
to maintain the bilateral symmetry of the ovum. 

Before segmentation occurs the amount of cytoplasm in the fertilised ovum 
is great out of all proportion to the size of the nucleus, and the initial divisions 
which result in the formation of the morula have the effect of reducing the dis- 
proportion until the cytoplasm bears to the nucleus the average relationship 
which obtains in the average somatic cells of the species. As soon as this 
stage is reached the zona pellucida must disappear, for the continued process 
of segmentation thereafter results in an increase in the size of the ovum as a 
whole. 

The process of differentiation, which plays such an important part in the 
formation of the embryo, commences in the cells of the morula. Its outermost 
layer constitutes the trophoblast, and the cells in its interior differentiate into a 
closely packed inner cell mass ov formative masSf and a loosely arranged 'primary 
mesoderm (fig. 71). 

The cells of the trophoblast subsequently differentiate into an inner cellular 
layer, which is termed the cytotrophoblast, and an outer syncytial layer termed 
the plasmodial trophoblast, in which growth is so active that the nuclear divisions 

* Bracket, A., Quarterly Review of Biology, 1927. 

t It would be more accurate to term this tissue mesenchyme (see p. 62). 
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are not accompanied by divisions of the cytoplasm, and there is no cellular 
definition. The plasmodial trophoblast exerts a histolytic action on the uterine 
mucosa, and not only effects the imbedding of the ovum in the maternal tissues 
but also, at a slightly later stage, opens up the channels by means of which 
the developing embryo is enabled to draw nourishment from the maternal 
blood. 

While these changes are occurring in the trophoblast, the inner cell mass 


Fia. 68. — section through the blastodermic vesicle of Vespertilio murinus. 
(After van Beneden.) 
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Fig. 69. — A section through the embryonic disc of Vespertilio murinus. 
(After van Beneden.) 

Inner cell-mass Tro 7 >hohlasf 



Fig. 70. — A section through the embryonic disc of Vespertilio murinus to show 
the formation of the amniotic cavity. (After van Beneden.) 



undergoes differentiation which results in the formation of two hollow vesicles 
(fig. 73). The formation of the vesicles is presumably due to the accumulation 
of fluid between the cells, and as it increases in amount the cells arrange them- 
selves in a surrounding wall. Of the two vesicles so formed, one remains in 
close contact with the trophoblast and constitutes the ectodermal or amnio- 
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embryonic vesicle. The other is placed more centrally and is at first the smaller 
of the two. It constitutes the entodermal vesicle, and is often referred to as 
the archenteron or yolk sac* 

While differentiation is occurring in the trophoblast and in the inner cell 
masSj changes are taking place in the primary mesenchyme. The fiuid in which 
its constituent cells are floating tends to collect centrally and the cells become 
relegated to the periphery, where they eventually form a layer on the inner 
surface of the cytotrophoblast and on the outer surfaces of the entodermal and 
ectodermal vesicles. In this way a cavity, filled with a fluid rich in albuminous 
material, comes to surround the vesicles almost completely. It is termed the 
'magma cavity, and it subsequently forms the extra-embryonic coelom (figs. 73, 
90). Its wall, which consists of trophoblast lined with primary mesenchyme, 
constitutes the chorion. 

Concomitant with the changes which have just been described, and which 
transform the morula into a blastocyst, the ovum is gradually carried along the 
uterine tube by the action of the cilia of its lining epithelium. It is uncertain 


Fig. 71. — A diagram showing the Fig. 72.— A diagram showing the ectodermal and 
differentiation of the inner cell- entodermal vesicles and an early stage in the 
mass. formation of the extraembryonic coelom. 
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Fig. 73. — A diagram showing the completion of the extra-embryonic 
coelom and the formation of the connecting stalk. 


..Ms/ 



-Ectodermal vesicle 


— Entodermal vesicle 
. — Trophoblast 
ww Extraembryonic coelom 




how long an interval elapses between the fertilisation of the ovum and its 
arrival in the uterus, f The passage along the tube probably covers a period 
of not less than three and not more than seven or eight days and this interval 
allows the uterine mucous membrane to prepare itself for the reception of the 
fertilised ovum (p. 78). It is probable that the ovum retains its zona pellucida 
until it leaves the uterine tube, and it is believed that it remains within the 
uterus for a short time before it becomes imbedded. During this interval the 
trophoblast undergoes differentiation, and the imbedding is effected owing to 
the histolytic action of the plasmodial trophoblast on the uterine mucosa, 
by means of which the ovum literally burrows its way into the wall of the 
uterus. 

One of the earliest human ova yet obtained for examination was described 
by Professors Bryce and Teacher in 1908. It had. already reached the stage 


* H. Stieve (Zeitschrift Jur Mikroskopisch-Anatomische For schung, Bd. 40, 1936) holds 
that the yolk-sac does not arise in this way. In the Werner ovum, which he claims repre- 
sents an earlier stage of development than the Teacher-Bryce ovum described on this page, 
the entoderm is represented only by a simple plate of cells closely applied to the ventral 
aspect of the amnio-embryonic vesicle, which is already present. In Stieve’s view the 
yolk-sac is formed by an extension of the peripheral cells of this plate into the magma cavity, 
a portion of which is surrounded and shut of£ in the process. 

In this connexion consult a paper by P. N. B. Odgers in the J ournal oj Anatomy, vol. Ixxi. 
1937. 

t G. W. Corner, Contributions to Embryology, vol. xiii. 1921. 
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which has just been outlined, and its age has been estimated at 13-14 days. 
The ovum (fig. 74) was imbedded in the uterine wall, where villous processes 
of the plasmodial trophoblast formed an actively growing reticulum. The 
interior of the blastocyst contained an ectodermal vesicle, connected to the 
trophoblast by a short stalk not seen in the figure, and an entodermal vesicle, 
imbedded in a loose bed of primary mesenchyme. The magma cavity was 
present in an early stage of formation. Owing to shrinkage during fixation 
the ectodermal and the entodermal vesicles were no longer in contact with each 
other but were some little distance apart. 


Fig. 74. — Section of early human embryo (Teacher-Bryce I.) with decidua and 
implantation cavity. From Bryce’s “ Observations on the Early Develop- 
ment of the Human Embryo,” Transactions of the Royal Society of Edinhiirgh, 
1924. 



■k until this stage has been reached that the true embryonic area can 

be denned. Only the cells in the area where the two vesicles are in contact with 
each other contribute to the formation of the embryo, and it is therefore this 
contact region which is termed the embryonic area or shield. It is noteworthy 
that of the thousands of cells derived from the ovum at this stage only a relat- 
ively small number take part in the formation of the embryo, while the vast 
majority term its covering and nourishing membranes and certain other extra- 
embryonic structures to be noted later. The ectodermal cells of the embryonic 
area are colu^ar in type and are marked off from the entoderm by a limiting 
mem^ane. By the third week they form three or four interlockmg rows of 
ceils (hg. 77) The ectodermal cells of the amnion are flatter and more elongated 
and form only a single stratum. The entodermal ceUs of the embryonic area 
are flattened, but those lining the rest of the entodermal vesicle or yolk-sac 
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vary in appearance and patches of cubical or low columnar cells are found, 
especially on the caudal wall. Except in certain situations to be noted later, 
the entoderm never forms more than a single layer of cells. 

There are, however, two other features of the embryo at this time which deserve mention. 
The presence of a short stalk connecting the amniotic or ectodermal vesicle to the tropho- 
blast has already been noticed. This stalk, which consists of primary mesenchyme, con- 
tains in its interior a duct which communicates with the amniotic cavity but ends blindly 
near the trophoblast. A somewhat similar stalk has been found in some specimens 


Fio. 75. — ^An embryo of Hylobates concolor. Dorsal aspect, with the amnion laid open. 
(After Selenka.) (From Quain’s Elements of Anatomy, vol. i., Embryology.) 


. Yolk-sac 



extending from the entodermal vesicle into a strand of primary mesenchyme which comiects 
the vesicle to the trophoblast. These two ducts are both transient features, but they have 
a very different signhicance. 

In the reptilia, and in many mammals, the amnion arises as a fold around the embryonic 
area which soon closes In to form a vesicle. The amniotic duct may be regarded as an 
indication of the abridgment of this process in the human embryo, in which, as has already 
been seen, the amnion arises as a cavity within the inner cell mass. The duct of the ento- 
dermal vesicle or yolk-sac has quite a different significance. In many mammals the 
entodermal vesicle is much larger and occupies nearly the whole interior of the blastocyst, 
and the presence of the duct in the human embryo may be regarded as evidence that the 
primates evolved from a stock in which the entodermal vesicle was a much larger organ. 

The differentiation of the embryonic area. — The embryonic area shows no 
distinguishing features in its earliest stages. At first nearly circular, its outline 
rapidly alters and becomes oval, indicating the long axis of the body. The 
oval area becomes pear-shaped, and in the median plane of its narrower portion 
there appears a localised opacity, which soon elongates to form a linear opacity, 
termed the primitive streah (fig. 75). It must be remembered that in the early 
stages of development the living tissues are translucent, but any localised 
thickening due to cellular proliferation naturally interferes with the trans- 
lucency and causes a localised opacity. The presence of the primitive streak 
indicates that rapid growth is occurring throughout its site. At the headward 
end of the primitive streak an area of exceptionally active growth develops 
and forms a knob-like thickening which is termed the primitive mde. At the 
caudal end of the embryonic area the ectoderm and entoderm are very intimately 
related over a limited region which subsequently forms the cloacal membrane. 
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Prom the primitive node a rod-like process of cells grows headwards in the 
median plane and separates the ectoderm of the embryonic area from the sub j acent 
roof of the entodermal vesicle (fig. 96). This is termed the head process, and 
it is the forerunner of the skeletal axis of the body. The solid rod of cells 
becomes canaliculised (fig. 76) and at its caudal end the canal breaks through 
on to the ectodermal surface at the primitive node. The entodermal cells lying 
ventral to the head process disappear, and the head process is then a con- 
stituent part of the roof of the yolk-sac in the median plane. The cells forming 

Fig. 76. — Transverse section of the tail-fold of a human embryo, about 19 days old 
(Embryo : Bryce-Mclntyre). From Bryce’s “ Observations on the Early 
Development of the Human Embryo,” Transactions of the Royal Society of 
Edinburgh, 1924. 



The canaliculised head-process lies in the roof of the hind-gut. The primitive streak and groove 
lie on the ventral aspect of the tail-fold. Observe that the secondary mesoderm is continuous 
ventrally with the primitive streak, and that the taU-fold is lying witliin the amniotic cavity. 

Fig. 77.^ — Transverse section of a human embryo, about 19 days old (Embryo : 
Bryce-Molntyre). From Bryce’s “ Observations on the Early Development 
of the Human Embryo,” Transactions of the Royal Society of Edinburgh, 1924. 



The canal of the head-process has broken into the yolk-sac at this level and the notochordal plate 
is incorporated in the roof of the gut. Observe that ccBlomic clefts have appeared in the lateral 
plates of the mesoderm, and that they do not communicate with the extra-embryonic ccelom. The 
neural groove is shallow and the amnion is restricted to the dorsal and lateral aspects of the embryo. 

the floor of the canal of the head process break down so that the canal com- 
municates freely with the yolk-sac and, at its caudal end, a communication is 
established between the entodermal vesicle or yolk-sac and the amniotic cavity. 
This connexion, which pierces the embryonic area at the primitive node, is 
termed the neurenteric canaL At this stage a transverse section across the 
embryonic area shows that, in the median plane, the roof of the entodermal 
vesicle is formed by the cells of the head process (fig. 77), and this intercalation 
extends forwards to the region which will subsequently form the pharynx. 
Later, these cells of the head process become excalated out from the entoderm 
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and form the notochord, the roof of the entodermal vesicle being repaired by 
the fusion of the adjoining entodermal cells. Subsequently the cells of the 
notochord develop around them a homogeneous sheath, and the continued pro- 
liferation of the cells within the sheath results in the formation of a solid but 
flexible rod, which becomes surrounded by the mesenchyme of the primitive 
or membranous vertebral column (p. 83). 


Fig. 78. — A series of transverse section through the embryo of a dog. (After 
Bonnet.) (From Quain’s Elements of Anatomy, vol. i., Embryology.) 

Section I is the most anterior. In V the neural plate is spread out nearly flat. 
The series shows the uprising of the neural folds to form the neural canal. 



a, aorts6 ; c, intermediate cell-mass ; ect, ectoderm ; ent, entoderm ; A, h, rudiments of endo- 
thelial heart-tubes. In HI, IV, and V the scattered cells represented between the entode^ and 
^lanohnic layer of mesoderm are the vasoformative cells which give origin in front, according to 
Bonnet, to the heart tubes A ; l.p., lateral plate still undivided in I, II, and III ; m IV and V split 
into somatic (sm) and splanchnic (sp) layers of mesoderm ; mes, mesoderm ; p, pericardium ; so, 
primitive segment. 

During the earlier part of this period another important change occurs which 
affects nearly the whole of the embryonic area. From the sides of the primitive 
streak there is an intensely active cell growth. These cells spread laterally and 
forwards until they extend over the whole embryonic area with the exception 
of the median plane. They insinuate themselves between the ectoderm and the 
underlying entoderm and constitute a third constituent layer, which is termed 
the secondary mesoderm (fig. 76). At the extreme cephalic end of the area the 
secondary mesoderm does cross the median plane, constituting what has been 
termed the ‘ pericardial bar.' 

The primitive streak is not the only source of secondary mesoderm. Cephalic 
to the headward end of the head process, the* entoderm in the roof of the yolk- 
sac becomes thickened and gives rise to a plate of large, vesiculous cells which 
has been termed the prochordal plate. This plate contributes* secondary meso- 
derm to the head region, and the cranial end of the head process gives origin 
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to two lateral mesodermal bands, which may be regarded as representing the 
gastral mesoderm * (p. 65). 

In the wider cephalic end of the oval embryonic area the ectoderm thickens, 
to form a curved ridge, the lateral limits of which extend caudally until they 
pass beyond the primitive node. This second thickening constitutes the medul- 
lary plate, from which by far the greater part of the central nervous system is 



developed. The raised ridges constitute the neural folds, and the median groove 
which separates them is the neural groove. 

As the embryonic area increases in length the neural folds deepen at the 
anterior end of the area and the walls of the groove become expanded (fig, 78). 
This enlargement is the first sign of brain formation. It is not a continuous 
enlargement, however, for two transverse constrictions indicate a subdivision 



into three parts, viz. the prosencephalon or fore-brain, the mesencephalon or 
mid-brain, and the rhombencephalon or hind-brain. Between the fore-brain and 
the pericardial bar of mesoderm the ectoderm and entoderm come into contact 
over a small area, forming the buccopharyngeal membrane (fig. 174). As the 
neural groove deepens, its dorsal edges come into contact with each other and 
fuse to convert the groove into a somewhat slit-like canal. Eusion occurs first 
in the region of the hind-brain (fig. 79) and extends both headwards and tail- 
wards, until only a small opening is left at each end. These openings are termed 

* J. P. Hill and J". Florian, Journal of Anatomy, vol. Ixv. 1931. 
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the anterior and posterior neuropores ; i^oth close towards the end of the fourth 
week. The cells which connect the fused dorsal edges of the neural groove to 
the overlying ectoderm constitute the neural crest epithelium (fig. 139), the 
history of which will be considered in a subsequent section (p. 108). 

The fusion of the dorsal lips of the neural groove in the region of the brain 
results in the formation of the three primary cerebral vesicles. The walls of 
these vesicles become thickened and develop into the nervous tissue and 
neuroglia of the brain, and the cavities are modified to form the ventricles of 
the brain. The remainder of the tube forms the spinal cord, its cavity per- 
sisting as the central canal. 

Throughout the region of the notochord the secondary mesoderm arranges 
itself in (1) a thickened medial portion which lies immediately lateral to the 
neural groove and is termed the paraxial mesoderm (fig. 80), (2) a narrower por- 
tion, termed the intermediate cell mass, situated to its lateral side and directly 
continuous with it, and (3) a flattened lateral portion, continuous medially with 

(2) , which extends over the surface of the embryonic area to its periphery, 
where it becomes continuous with the primary mesenchyme oh the outer sur- 
faces of the ectodermal and entodermal vesicles. This portion is termed the 
lateral plate. 

The appearance of the secondary or intra-embryonic mesoderm completes 
the first stage of differentiation in the embryonic area. The embryo now 
consists of an outer, protective layer, the ectoderm, an inner nutritive layer, 
the entoderm, and an intermediate layer, the mesoderm, which is available 
primarily as a muscle-forming layer. It is clear from their history and their 
early differentiation that these layers are of considerable significance, but too 
much stress must not be laid on their independence from one another. In 
other words, the differentiation reached at this stage has not gone so far as to 
leave the constituent cells of the three layers with potencies so limited that 
complete divergence is assured for the future. The potencies of the individual 
cell layers are reduced from the totipotent condition found at an earlier period, 
but not to such an extent that the potencies of the cells of one layer are entirely 
different from those of the two remaining layers. 

Broadly stated, however, the three layers in the human embryo contribute to 
the formation of systems and organs which show distinct functional differences. 

The ectoderm consists of columnar cells, which, however, become somewhat 
flattened or cubical, especially towards the periphery of the embryonic area. It 
gives origin to : (1) the skin and the lining cells of the glands which open on it, 
and its appendages, the hair and nails ; (2) practically the whole of the nervous 
system, including the cranial and spinal ganglia, the sympathetic ganglia and 
the posterior lobe of the hypophysis cerebri ; (3) the chromaffin organs ; (4) 
the anterior lobe of the hypophysis cerebri ; (5) the epithelium of the cornea, 
conjunctiva and lacrimal glands ; (6) the lens ; (7) the plain muscle of the 
iris ,* (8) the neuro-epithelium of the sense-organs ; (9) the epiithelium lining 
the nose and the paranasal sinuses, the roof of the mouth, the gums, and the 
cheeks ; (10) the salivary glands and the enamel of the teeth ; and (11) the 
lower part of the anal canal. 

The entoderm consists at first of flattened cells, which subsequently become 
columnar. It gives origin to : (1) the epithelial lining of the whole of the 
alimentary canal, with the exception of those portions already ascribed to the 
ectoderm ; (2) the lining cells of all the glands which open into the alimentary 
canal, including the liver and the pancreas, but excluding the salivary glands ; 

(3) the epithelium lining the pharyngo-tympanic tube and the tympanic cavity ; 

(4) the epithelium of the thyroid and parathyroid glands and the thymus ; 

(5) the lining epithelium of the larynx, trachea and the smaller air passages, 
including the alveoli and the air-sacs ; (6) the epithelium of most of the urinary 
bladder and the adjoining part of the urethra ; (7) the epithelium of the 
prostate. 

The mesoderm gives origin to the remaining organs and tissues of the body. 
These include : {a) all the connective tissues, including bone and cartilage, i.e. 
the whole skeletal system, and the blood ; (2) the teeth, with the exception of 
the enamel ; (3) the whole musculature of the body, both striated and unstriated, 
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with the exception of the innscnlature%f the iris ; (4) the blood- vascular and 
l 3 nnphatic systems ; (5) the urogenital system, with the exception of most of 
the urinary bladder, prostate and urethra ; (6) the cortex of the suprarenal 
glands and the endothelial linings of the pericardial, pleural and peritoneal 
cavities. 

It should be observed that the cells of the mesoderm are very soon 
differentiated into those which subsequently retain their close-packed cellular 
character {mesoderm proper) and those which form a loose tissue with a fluid 

matrix {mesenchyme). Thus the muscles 
Fig. 81. --Three stages in the develop- and urogenital organs are mesodermal 
ment of amphioxus (after Hatsehek.) while the connective tissues are mes- 

enchymatous, and on account of the fluid 
character of the matrix their cellular 
elements are able to alter their position 
by active migration (p. 83). The term 
A mesotheliurn is sometimes applied to epi- 
thelial cells of mesodermal origin, such 
as the secretory epithelium of the kidney, 
the cortical cells of the suprarenal glands, 
and the endothelium lining the serous 
cavities. 




A . Spherical blastoderni . The cells at the lower 
pole are larger than those at the upper pole. 

JB. Invagination of the lower pole to form a 
gastrula. 

C. Longitudinal section through the embryo at 
a slightly later stage. Gastrulation is completed 
and the primitive alimentary canal communicates 
with the exterior through the blastopore, which 
■lies at .the caudal end of the flattened dorsal 
surface of the embryo. 


It may prove helpful at this point to com- 
pare the early history of the human ovum with 
that of other vertebrata and lower chordata. 
The ovum of amphioxus contains only a small 
amount of deutoplasm and, when fertilised, it 
segments first into two cells of equal size, the 
line of cleavage corresponding to the plane of 
bilateral symmetry. The second and third 
divisions, both in planes at right angles to the 
first, result in the formation of eight cells, of 
which the four at the upper pole are slightly 
smaller than the four at the lower polo. The 
egg continues to divide and eventually forms a 
hollow sphere or hlastula, the larger cells still 
being situated at its lower polo. Even in the 
ovum it is possible to identify the material 
that is destined to give rise to the cells of the 
mesodenn, and its history has been investigated 
recently.* In the fully fonned blastula en- 
todermal, ectodermal and mesodermal areas 
can be identified. The entodermal colls are the 
largest, and the mesodermal are the smallest and 
are somewhat spherical in shape. At this stiigo 


the ectodermal cells along the anterior border 
of the entoderm are already undergoing differentiation and a ‘ ^ordal plate ’ can be 
recognised. The hollow blastula becomes invaginated, and the chordal plate and the 
mesoderm are involved in this process in addition to the entoderm. As a result of this in- 
vagination the segmentation cavity of the blastula becomes crescentic (fig. 81, B), and is 
finally obliterated (fig. 81, 0). The ovum has now been converted into a hollow cup-like 
mass or gastrula, the walls of which are two cells thick and enclose a cavity, termed the 
archenteron. This cavity communicates with the exterior through an orifice, which is 
termed the blastopore. The inner layer of the gastrula consists principally of entoderm, 
but its dorsal wall is formed in the median plane by the chordal plate and on each side 
by the mesoderm. In the succeeding growth changes the embryo becomes elongated and 
flattened along its dorsal aspect. At the same time the Hps of the blastopore are approxi- 
mated and the opening, much reduced in size, comes to lie at the caudal end of the flattened 
dorsal surface. While gastrulation is in progress, the cells in the region of the dorsal Up of 
the blastopore undergo rapid proliferation, which results in the formation and elongation 
of the dorsal surface of the embryo. Subsequent to the closure of the blastopore con- 
tinued activity in this region is responsible for the further growth of the embryo in its 
long axis. 


A median groove forms on the ventral aspect of the chordal plate in the roof of the 


r» * Embryology of Amphioxus,” Journal of Morphology, vol. 64, 

Dec. 1932; 



COMPARATIVE EMBRYOLOGY 63 

archenteron (fig. 82, I), and it becomes closed off from the cavity to form a rod of cells, 
which occupies the median plane between the neural tube and fhe archenteron (fig. 82, II). 
This rod forms the notochord and it remains for some time in continuity with the entoderm 
at its cephahc end. At the same time two parallel grooves form in the mesoderm on each 
side of the chordal plate (fig. 82, 1), and become shut off from the archenteric cavity in such 
a, way as to form two columns, which become constricted at intervals to give rise to the 
mesodermic somites (fig. 82, 11). While these changes are in progress the entoderm extends 

Fig. 82 . — Transverse sections across an anaphioxus embryo, showing the origin 
of the notochord and the intra-embryonic mesoderm (Hatschek). (Quain’s 
Elements of Anatomy, xi. edition. Embryology.) 
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fi,g. neural groove ; ch, notochord ; &p. ectoderm ; hy. entoderm : mes. mesodermic somite ; 
n.c, neural tube ; coe. coelom j al. archenteron. 

dorsally on each side and forms a new roof for the archenteron, from which the chordal 
plate and the mesoderm have now been excluded. The mesoderm extends ventrally 
between the ectoderm and the entoderm, and its contained clefts constitute the coelom 
(fig. 82, HI). 

It has been seen that the fertilised ovum of amphioxus undergoes complete segment- 
ation, and such eggs are termed hololilaMic. This condition is by no means general and is 
dependent on the quantity of deutoplasm in the ovum. The egg of amphioxus contains a 
relatively small amount of deutoplasm, and is termed microleoithal, but the eggs of fishes, 
reptiles, and birds contain a much larger quantity, being termed lecithal or telolecitkal. 


Pig, 83. — Early development of the fertilised egg of an amphibian. 
Vorsal lip of blastopore , T)msal lit, of . 


Archenteric Dorsal lip of . 
cavity blastopore 


Ectoderm 




.Notochordal plate 


Entoderm 


Mesoderm 


Segmentation cavity 

A B C 

A and B represent sagittal sections at different stages in the process of gastrulation. (After 
Jenldnson.) 

C represents a transverse section of an amphibian embryo, showing the notochordal plate and 
the origin of the intra-embryonic mesoderm. (After Schwink.) 


Telolecithal ova, because of their constitution, do not undergo complete segmentation, 
and a germinal disc develops on the surface of the ovum. Such eggs are termed merohlastic. 
It will be clear that the course* of the early development of a meroblastic egg cannot on this 
account repeat the early stages described in the holoblastic egg of amphioxus. The 
germinal disc consists of a plate of cells which at first rests directly on the unsegmented or 
incompletely segmented yolk. Soon a segmentation cavity appears which separates the 
smaller embryonic cells from the larger cells of the yolk mass on which it rests (fig. 83). 
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While this is occurring in. the amphian egg a curved groove appears at the caudal margin 
of the disc, and its raised lip constitutes a region of intensely active growth. The groove 
deepens and the cells which form its roof constitute the entoderm. The formation of this 
groove and the active growth of entoderm from its margin constitutes a modified process of 
gastrulation and the raised lip constitutes the dorsal lip of what is actually a blastopore. 
It is, however, impossible for the large and incompletely divided cells of the yolk mass to be 
inva'ginated, and to compensate for this the ectodermal cells of the germinal disc grow over 
the surface of the yolk until they completely envelop it. This extension of the ectoderm 
over the yolk corresponds partly to the process of gastrulation and partly to the closing in 


Fig. 84. — Sagittal sections through a reptilian egg (after Will). 


Secondary Ectoderm, 



X Ectoderm 



Primary e.ntoderm Secondary entoderm 

A sliows the formation of a depression at the caudal end of the embryonic disc. 
B shows the invagination of the secondary entoderm. 


of the blastopore, which is left as a small opening at the caudal end of the embryo, and is 
subsequently closed. The forward growth of the entoderm outlines the digestive cavity 
and its roof is formed by a ‘ chordal plate ’ which subsequently becomes constricted off 
and forms the notochord. Before this occurs, however, this plate, while still a cpnstituent 
part of the enteric roof, gives off from each side a mass of cells which grow ventrally in 
the interval between the ectoderm and the entoderm. They form the intra-einbryonic 
mesoderm and split into two layers to enclose a coelomic cavity. As the blastopon^ narrows 
a ring of mesoderm is found surrounding it, and the headward portion of this ring is 
continuous with the caudal end of the mesoderm of the chordal plate and may be regarded 
as being derived from it. The closure of the blastopore converts this ring into a solid mass, 
which adopts a median position and a linear outline. Its cells are indistinguishable from 


Fig. 85. — Diagrammatic transverse sections of a reptilian embryo, showing the 
notochordal plate and the formation of the intra-embryonic mosodenn. 

Ectoderm 

^Secondary entoderm 
Primary entoderm 
Ectoderm 
Mesoderm 
Primary entoderm 



Chordal plate 

A represents a transverse section made at X in tig, 84, B. The tubular invagination of the 
secondary entoderm is seen between the ectoderm and the primary entoderm. 

In B the adjoining portions of the primary and secondary entoderm have broken down, and the 
notochordal plate is seen in the roof of the primitive gut. 

In C the primary entoderm is closing in on the notochordal plate and tlie intra-embryonic mesoderiu 
is extending laterally on eacli side. 


the covering ectoderm and the underlying entoderm, and they constitute the primitive 
streak. 

Further modifications are found in the early development of the reptilian egg. As the 
ectoderm of the germinal disc grows over the surface of the yolk, a pit-like depression 
appears at the caudal end of the disc. This depression, however, does not behave in the 
same manner as in the amphibian egg, for the cells in its raised border differentiate into a 
superficial layer, the ectoderm, and an underlying mass of scattered cells, the deepest layer 
of which differentiates to form the primary entoderm of the roof of the digestive cavity. 
In the floor of the depression, which constitutes the primitive streak, it is not possible to dis- 
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tinguish the individual layers from one another. At the next stage the depression deepens 
and a groove extends headwards over the embryonic area between the ectoderm and the 
-primary entoderm. This iuvagmation forms a relatively wide, flattened tube, lined by 
secoTidary entoderm, which corresponds to the chordal plate and the mesoderm in amphioxus. 
The primary entoderm in the roof of the digestive cavity and the floor of this secondary 
invagination break down so that the roof of the gut comes to be formed by the secondary 
entoderm in the roof of the invagination (fig. 85). The cells in the median plane of this 
new roof can now be identified as a ‘ chordal plate,’ and the primary entoderm grows medi- 
ally again towards this area. As it does so the lateral part of the secondary entoderm 
becomes shut out from the gut and lies as a solid plate between the primaiy entoderm 
and the ectoderm. It is now recognisable as a part of the intra-embryonic mesoderm and 
is continuous caudally with the cells of the primitive streak. Subsequently it loses its 
connexion with the chordal plate, which becomes excalated from the gut as the notochord. 

If the earlier stages of the development of the human ovum be re-examined in the light 
of this summary it will be found that they recapitulate these changes, although the process 
has been so abbreviated as to obscure the resemblance. The whole of the holoblastic egg 
of amphioxus gives rise to the embryo. The human egg is also holoblastic, but the fact 
that only a smaU proportion of the cells to which it gives origin actually contribute to the 
formation of the embryo indicates that its holoblastic character is secondary and that it 
has evolved from an ancestral meroblastic stock. It is therefore necessary to compare it 
with the reptilian egg in the first place. The primitive node, which is a centre of intensely 
active growth in the embryos of birds and mammals, is pierced by the neurenteric canal. 
The node itself corresponds to the dorsal lip of the reptilian blastopore and the neurenteric 
canal to ‘the blastopore itself. The notochord arises from the chordal plate, which forms 
the median part of the roof of the digestive cavity in amphioxus and in amphibians. In 
reptilia, however, it is ^ierived from the secondary entoderm which arises as an outgrowth 
from the primitive streak, and secondarily becomes incorporated in the roof of the digestive 
cavity. Its origin in man is very similar to its origin in reptilia, although it arises as a 
solid rod, which later becomes canahculised and associated with the roof of the gut, being 
temporarily included in it. The origin of the intra-embryonic mesoderm is closely allied 
to the origin of the notochord. In amphioxus it is involved in the process of gastrulation 
and lies in the dorsilateral wall of the archenteron in continuity with the chordal plate on 
the one hand and with the entoderm on the other (fig. 82, 1) ; in amphibia it is an outgrowth 
from the sides of the chordal plate (gastral mesoderm), but at its caudal end it emerges into 
the primitive streak (prostomial mesoderm), a structure which can only occur in meroblastic 
ova. In reptilia the double origin of the mesoderm is again found, and in man the secondary 
(intra-embryonic) mesoderm, although mainly derived from the primitive streak, receives 
a contribution from the prochordal plate (p. 60) 


THE SEGMENTATION OF THE MESODERM AND THE 
FORMATION OF THE INTRA-EMBRYONIC COELOM 

In the embryos of all vertebrate animals the intra-embryonic mesoderm 
becomes incompletely subdivided by a longitudinal groove into a paraxial 
portion and a lateral plate, on each side of the median plane. The mesoderm 
in the floor of the groove v^hioh connects these two portions is termed the 
intermediate cell mass, or nephrogenic cord (flg. 80). Soon after the appearance 
of this longitudinal groove the paraxial mesoderm becomes subdivided into a 
series of cubical blocks by a series of transverse grooves. This process is termed 
the segmentation of the mesoderm, and the blocks of paraxial mesoderm so formed 
are known as mesodermic somites, primitive segments or metameres. Commencing 
at the end of the third or the beginning of the fourth week in the region of 
the hind-brain the process extends in a caudal direction, additional somites 
being laid dovm as the embryo grows in length, until some thirty-five or more 
pairs are present (fig. 133). In the human embryo it is only the paraxial meso- 
derm which is actually segmented, but in view of the obviously segmental 
arrangement of the nerves of the spinal cord and their distribution, it is reason- 
able to suppose that the segmentation of the other structures is only obscured. 
The whole process may be regarded as evidence that the invertebrate ancestor 
of all vertebrate animals showed clear signs of its segmental origin. ' * 

Each mesodermic somite at first contains a central cavity termed the myocoel, 
which is soon filled by a core of spindle-shaped or fusiform cells. The cells 
occupying the dorsilateral portion of the somite constitute the myotome, and 
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they are destined to give rise to a muscle plate, from which all the striated 
musculature of the segment is derived (p. 102). The cells occupying the 
ventrimedial portion of the somite are more loosely arranged and fusiform in 

shape. They constitute the sclerotome 
and give rise to the scleratogenous tissue 
from which the axial skeleton is ulti- 
mately derived (p. 83). 

While the segmentation of the 
mesoderm is proceeding, a number of 
clefts appear in the lateral plate on each 
side. These clefts soon run into one 
another, and they extend headwards 
into the pericardial area (p. 69), where 
a cavity has already been formed. In 
this way the lateral plate becomes 
divided into a somatic and a splanchnic 
layer (fig. 80). The somatic layer, with 
its covering of ectoderm, constitutes the 
spmatopleure, and the splanchnic layer, 
with the underlying entoderm, consti- 
tutes the splanchnopleure. The cavity 
which they include is termed the intra- 
embryonic coelom, and from it the pericardial, pleural and peritoneal cavities are 
subsequently developed. Around the periphery of the embryonic area the 
somatopleure and the splanchnopleure are continuous, at first, both with each 


Fig. 86. — Cross-section through the body 
of a human embryo at the end of the 
fomth week, to show the arrangement 
of the mesoderm. Diagrammatic . 
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■Aorta 


Mesodermic somite 
Intraemhryonic coslom 
communicating freely 
with extraemhryonic 
ccdom 


Fig. 87. — A transverse section of a human embryo of the fourth week, to show 
the differentiation of the primitive segment, (Kollmann,) 



a.o. aorta ; and i/p,, muscle-plate ; neural canal ; sclerotome. 


other and with the primary mesenchyme (fig. 80). Soon, however, the cleft 
extends beyond the embryonic area, the continuity between the somatopleure 
and the splanchnopleure is broken, and the intra-embryonic coelom is thrown 
into free communication with the extra-embryonic coelom. This process does 
not affect the pericardial area or the regions immediately adjoining it on either 
side ; the latter constitute the pleuropericardial canals (fig. 88, C). 
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Fig. 88. — ^Diagram iEustrating the formation of the coelom. 



In A the secondary mesoderm (shown in blue) extends over the embryonic area and becomes 
continuous with the primary mesenchyme around the periphery. The median area, shown in yellow, 
remesents the floor of the neural groove and is devoid of secondary mesoderm. 

In B the pericardial cavity has appeared at the head end of the embryonic area and a series of 
clefts is present in the lateral plate on each side. 

In 0 the clefts have extended and run into one another and into the pericardial cavity. In the 
caudal part of the area the clefts have broken through into the extra-embryonic coelom. 


Fig, 89. — ^Dorsal vievr of a human embryo, 1‘3 mm. long. (From a model by Etemod.) 
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THE FORMATION OF THE EMBRYO 

The formation of the head and tail folds, — Hitherto we have been dealing with 
a diso-like embryonic area, but at the end of the third week of its development 
the embryo begins to assume its definitive shape. The immediate cause of this 
alteration is the difference in the rate at which adjoining areas are growing. 
The rate of growth in the periphery of the embryonic area fails to keep pace 
with the rate of growth in the embryonic area, and, as the embryo is increasing 
more rapidly in its long axis, its cephalic and caudal extremities tend to bulge 
forwards and tailwards and so project beyond the limits of the area (fiigs. 93, A, 
and 95). In this way a head-fold is developed at the cephalic extremity and 

Pig, 90. — diagram showing one of the Fio. 91. — diagram illustrating the early 
earliest observed stages of the human formation of the allanto-enteric diverti- 

ovum. culum and the definition of the con- 

necting stalk. 


Tropkoblast 




a tail-fold at the caudal extremity of the embryonic area. At the same time 
right and left lateral folds develop, and the extension of these four folds gradually 
constricts off the embryo from the yolk sac and gives it its characteristic shape. 

I'la. 92. — ^A diagram showing a later stage of the development of the human 
embryo. Observe that the heart occupies the most anterior part of the 
embryonic area and is separated from the prosencephalon by the bucco- 
pharyngeal membrane. 



As a result of the formation of the head-fold, the prosencephalon, which 
was hitherto separated from the cephalic extremity of the embryonic area by 
buccopharyngeal membrane, and the pericardial area, comes to lie at the 
cephahc extremity of the embryo (figs. 93, A, 94). This alteration in position of 
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the fore-brain is accompanied by a corresponding alteration in the relative posi- 
tions of the buccopharyngeal membrane and the pericardial area (figs. 172 and 
174). The former now lies on the ventral surface and is situated at the bottom 
of a depression, which constitutes the primitive mouth or stcmodceum. On its 
cephalic side the stomodasum is bounded by the projecting fore-brain and on 
its caudal side by the pericardial area. The latter has not only altered its 


Fig. 93a.-^A diagram showing the formation of the head- and tail-folds, the 
expansion of the anmion, and the delimitation of the mnbilieiis. 
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Fig. 93b. — diagram showing a transverse section along the line AB in Fig. 93 a. 
Observe that the intra-embryonio coelom communicates freely with the 
extra-embryonic coelom. 



position relative to the cephalic extremity of the embryo but has also undergone 
a reversal of its surfaces, as will be pointed out later. 

In addition to these alterations the head-fold results in the inclusion within 
it of a portion of the entodermal vesicle. This included portion is termed the 
fore-gut and it is placed between the buccopharyngeal membrane and the 
pericardium, on its ventral aspect, and the hind-brain, dorsally (fig. 94). It 
communicates at its caudal end with the midgut through an opening often 
termed the anterior intestinal portal. 

The ventral bend of the head-fold produces a well-marked flexure in the 
brain at the site of the mesencephalon, termed the cephalic flexure. 

Prior to the formation of the tail-fold the embryonic area is anchored to 
the trophoblast by a stalk of primary mesenchyme, covered on one aspect by 
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the epithelium of the amnion (fig. 92). This connexion, which is termed the 
connecting stalk, serves to conduct blood-vessels to the embryo from the chorion 
and vice-versa. The formation of the tail -fold carries the connecting stalk round 


Tig. 94. — diagram illustrating a later stage in the development of the 
umbilical cord. 



on to the ventral aspect of the embryo, so that it now assumes the permanent 
position of the umbilical cord. It will be remembered that the stalk was 
connected to the embryo at the caudal end of the primitive streak, and, in 

Fig. 96. — sagittal section through the embryo which is represented in fig. 89. 

(After Graf Spee.) 



consequence of the formation of the tail-fold, the primitive streak like the con- 
necting stalk extends round on to the ventral aspect of the embryo, traversing 
the region which will become the perineum. 

Just as a portion of the entodermal vesicle is included within the head-fold 
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to form the fore-gut, so a corresponding portion is included within the tail-fold 
to form the hind-gut. But the similarity between these two included portions 
goes further. A portion of the entoderm in the floor or ventral waU of the 
fore-gut comes into direct contact with the ectoderm over an area which is 
termed the buccopharyngeal 

Fig. 96. — Three stages in the development of the 
cloacal membrane. (J. Florian.) 




membrane. This membrane 
soon disappears and the com- 
munication of the gut with 
the exterior through the 
mouth is thus established. 

In the region of the hiud- 
gut a similar relationship 
exists . Even before the tail- 
fold is defined, the ectoderm 
and entoderm come into 
contact with each other over 
a limited area at the caudal 
end of the embryonic area, 
forming the cloacal 'mem- 
brane (fig. 96, A): As will 
be described later, this mem- 
brane subsequently breaks 
down in two places to form 
the urogenital and anal ori- 
fices, which therefore lie in 
the line of the primitive 
streak. 

Prior to the formation of 
the tail-fold a diverticulum 
arises from the dorsi-caudal 
portion of the archenteron 
and grows into the mesen- 
chyme of the connecting 
stalk(fig.91). Thisoutgrowrth 
constitutes the allanto-en- 
teric diverticulum (fig. 96, B). 

As the tail-fold becomes 
defined the proximal part 
of the diverticulum becomes 
incorporated in the hind-gut, 
and its distal portion per- 
sists as the allantoic canal 
or allantois (p. 73), which 
then communicates directly 
with the ventrjal surface of 
the hind-gut. The portion of the hind-gut which lies caudal to this com- 
munication forms the entodermal cloaca (p. 171). As the tail-fold is formed, 
the cloacal membrane comes to lie in the ventral wall of the hind-gut but it 
extends also on to the adjoining dorsal aspect of the connecting stalk, where 
it is associated with the enteric portion of the allanto-enteric diverticulum 
(fig. 96, B). Even before the latter is incorporated in the hind-gut, the cloacal 
membrane becomes interrupted and shortened by the interposition of mesen- 
chyme between the entoderm of the diverticulum and the ectoderm of the 
body-stalk* (fig. 96, C). 

Between the head- and the tail-folds the embryo becomes constricted off 
by right and left lateral folds. The intervening dorsal portion of the ento- 
dermal vesicle, which these folds threaten to cut off, and later succeed in 
separating from the remainder of the vesicle, constitutes the mid-gut. At first 
the mid-gut communicates freely on its ventral surface with the rest of the 
entodermal vesicle, but the continued growth of the folds results in a narrowing 
of the connexion, which becomes drawn out as the vitello-intestinal duct (figs. 93, 
* J. Florian, Jowrnal of Anatomy ^ vol. Ixiv. July, 1930. 



A. Prior to the formation of the tail-fold and the allanto-enteric 
diverticulum. 

B. The tail-fold is indicated and the allanto-enteric diverticulum 
has formed. The cloacal membrane now extends in relation with 
the enteric part of the diveiticulum on to the dorsal aspect of the 
body-stalk. 

C. The tail-fold is clearly defined. Mesoderm has become inter- 
posed between the ectoderm and entoderm over the proximal part 
of the allanto-enteric diverticulum and the cloacal membrane is 
thus broken up into two parts, of which only the proximal one 
persists. 

The mesoderm is shown stippled. 
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94). The remainder of the vesicle remains extra-embryonic and constitutes 
the yolk-sac or umbilical vesicle. The subsequent history of the duct and the 
vesicle will be dealt with later (pp. 168, 173). 

The nutrition of the embryo. — In the early stages of development the cells 
of the ovum derive their nourishment from the store laid up within the cell 
body of the primary oocyte. It is probable that this nourishment is at first 
maintained in a highly concentrated form and is subsequently liberated in a 
more dilute form, readily available for absorption, in the magma cavity of the 
blastocyst, and also, possibly, in the entodermal vesicle. In addition, it has 
been suggested that the blastocyst derives nourishment from the uterine glands 
and, during the process of imbedding, from the portion of the uterine wall which 
has been destroyed. Owing, however, to the relatively small amount of yolk 
contained in the human ovum, it is essential that some other source of 
food-supply should be rendered available at an early stage. The maternal 
circulation is selected, but it can only function as a source of supply when it 
is brought into close, though indirect, contact with the embryonic circulation. 
On this account, the formation of angioblastic tissue is very precocious in the 
human embryo. 

The work of van der Stricht, Sabin and others makes it highly probable 
that the earliest angioblastic tissue is formed in the deepest part of the mesen- 
chyme covering the entodermal vesicle or yolk-sac. About the same time, or 
slightly later, angioblajstic tissue can be recognised in the connecting stalk and in 
the primary mesenchyme of the chorion, and a little later it appears also in 
the embryonic area. Tissue spaces form in the angioblast and the cells which 
line these spaces take on the characters of typical, flattened endothelial cells, 
and adjoining spaces run into one another and form a capillary plexus. While 
the spaces are in process of formation small, localised groups of mesodermal 
cells project into their interior and become cut off to form blood islets. The 
constituent cells of these islets become modified to form the blood corpuscles 
(p. 133). 

The vessels formed in the chorion soon establish an intimate relationship 
with the maternal circulation (p. 77). The vessels which develop in the em- 
bryonic area form two longitudinal channels, which, at their headward ends, 
project into the dorsal wall of the pericardium. They are the rudimentary 
right and left dorsal aortse, and at their cephalic ends, after curving ventrally 
on the lateral wall of the pharynx to reach the cephalic end of the pericardium, 
‘■/hey fuse to form a primitive tubular heart. At the caudal end of the embryo 
they traverse the connecting stalk as the rudimentary umbilical arteries and 
break up into capillaries in the chorion. The venules from the chorion converge 
on the stalk where they form the right and left umbilical veins, which run head- 
wards in the somatopleure, close to the margin of the embryonic area, to reach 
the heart. 

It will be remembered that the pericardial cavity never communicates 
directly with the extra-embryonic coelom, and at its cephalic limit the somato- 
pleure and splanchnopleure become continuous (fig. 172). With the formation 
of the head-fold the surfaces of the pericardium are reversed, and the original 
cephalic limit comes to lie in intimate relation with the wall of the fore-gut 
at the ventral border of the anterior intestinal portal (fig. 174). As the floor 
(caudal limit) of the pericardium deepens ventridorsaUy, the mesenchyme 
between it and the gut forms a sheet which is termed the septum transversum. 
This structure later plays an important part in the development of the dia- 
phragm ; at this stage it is bounded on its headward surface by the pericardium 
and on its caudal surface by the fore-gut, and on its lateral surfaces it is limi'ted 
by the pleuropericardial canals, which connect the pericardium with the 
peritoneal cavity. The umbilical and body- wall veins, which run in the 
somatopleure, and the vitelline veins, which run in the splanchnopleure, 
meet one another in the septum transversum and so gain the venous end of 
the heart. 

In this way there is established the circulation, through the vessels and 
tissues of the embryo, of blood which has derived oxygen and nutriment from 
the maternal circulation. 
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THE FOETAL MEMBRANES AND THE PLACENTA 

The allantois (figs. 91, 96). — ^The aUanto-enteric diverticulum arises early 
in the third week as a solid, entodermal outgrowth from the dorsi- caudal part 
of the entodermal vesicle and grows into the primary mesenchyme of the con- 
necting stalk . It soon becomes canaliculised and when the hind-gut is developed, 
the proximal (enteric) part of the diverticulum is incorporated in its ventral 
wall and the distal (allantoic) portion is carried ventraUy to open into the ventral 
aspect of the cloaca or terminal part of the hind-gut. The allantoic diverticulum 
is lined with entoderm and is surrounded by the mesenchyme of the connecting 
stalk, in which the umbilical vessels develop at a slightly later stage.* 

The amnion is a membranous sac which surrounds and protects the embryo ; 
it is developed in reptiles, birds, and mammals, but not in amphibia or fishes. 

In the human embryo the earliest stages of the formation of the amnion 
have not been observed ; in the youngest embryo which has been studied f the 
amnion was already present as a closed sac, and, as indicated on page 54, it 
appears as a cavity in the ectodermal part of the inner cell-mass. This cavity is 
roofed in by a stratum of flattened ectodermal cells termed the amniotic 
ectoderm^ and its floor consists of the prismatic ectoderm of the embryonic disc 
— the continuity between the roof and floor being established at the margin 
of the embryonic disc. On the outside the amniotic ectoderm is covered with 
a thin layer of primary mesenchyme which is continuous, round the margins 
of the embryonic disc, both with the primary mesenchyme covering the ento- 
dermal vesicle and with the intra-embryonic mesoderm. Through the medium 
of the connecting stalk it is continuous also with the mesenchyme lining the 
chorion (flg. 92). 

Fluid, termed liquor amnii, appears within the amniotic cavity and increases 
steadily in amount, so that the sac gradually expands and encroaches on the 
cavity of the extra-embryonic coelom (fig. 94) ; this expansion continues until 
the extra-embryonic coelom is obliterated entirely, except for a small portion 
which is included within the umbilical cord. The liquor amnii increases in 
quantity up to the sixth or seventh month of pregnancy, and then diminishes 
somewhat ; at the end of pregnancy it amounts to 1 litre. It allows of the free 
movements of the foetus during the later stages of pregnancy, and also diminishes 
the risk to the foetus of injury from without. It contains less than two per 
cent, of solids, consisting of urea and other extractives, inorganic salts, a small 
amount of protein, and frequently a trace of sugar. 

The connecting stalk and the umbilical cord. — ^The connecting stalk (figs. 92, 
93, 94) is a mass of primary mesenchyme which at first connects the tail-end 
of the embryonic area with the chorion. Its proximal part surrounds the allanto- 
enteric diverticulum and it is traversed by the umbilical vessels. Its dorsal surface 
is covered with the amnion and its ventral surface is bounded by the extra- 
embryonic coelom. As a result of the folding of the embryo and the distension 
of the amnion the connecting stalk comes to lie on the ventral surface of the embryo, 

* In reptiles, birds, and many mammals the allantoic diverticulum expands into a 
vesicle which projects into the extra-embryonic coelom and forms a vascular organ to which 
the term allantois should be restricted. In the bird it projects to the right side of the 
embryo, and, gradually expanding, spreads over the dorsal surface of the embryo as a 
flattened sac between the amnion and the serosa, and ultimately surrounds the yolk. Its 
outer wall becomes applied to, and fuses with, the serosa which lies immediately inside the 
shell membrane. Blood is carried to the allantoic sac by the two allantoic or umbilical 
arteries, which are continuous with the primitive aortse, and after circulating through the 
allantoic capillaries, is returned to the primitive heart by the two umbilical veins. In this 
way the allantoic circulation, which is of the utmost importance in connexion with the 
respiration and nutrition of the chick, is established. Oxygen is taken from, and carbonic 
acid is given up to the atmosphere through the egg-shell, and nutritive materials are at the 
same time absorbed by the blood from the yolk. With the formation of the amnion the 
embryo is, in most animals, separated entirely from the chorion, and is not united to the 
chorion again until the allantoic mesenchyme spreads over and becomes applied to its inner 
surface ; but the human embryo, as was pointed out by His, is never wholly separated from 
the chorion, its tail-end being from the first connected with the chorion by means of a thick 
band of mesenchyme, named the connecting stalk. 

t H. Stieve, loc. cit., p. 55. 
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and its mesenchyme approaches that of the yolk-sac and vitello-intestinal duct 
(fig. 93). 

As a consequence of the continued expansion of the amnion the extra- 
embryonic coelom is obliterated to a very large extent (fig. 94), and the only 
part of it which remains surrounds the elongated vitello-intestinal duct, and 

Fia. 97. — foetus of about eight weeks, enclosed in the amnion. Magnified a 
little over 2 diameters. Drawn from stereoscopic photographs lent by 
Prof. A. Thomson, Oxford. 
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still communicates freely with the intra-embryonic coelom. The mesenchyme- 
covered surfaces of the head, tail and lateral folds of the amnion converge on 
the region of the connecting stalk and the vitello-intestinal duct, and the umbilical 
cord is formed as they meet one another (figs. 92, 94). The cord consists of 
an outer covering of amniotic ectoderm, containing in its interior the vitello- 
intestinal duct and the yolk-sac or umbilical vesicle, partially invested by the 
remains of the extra-embryonic coelom and all imbedded in a mass of primary 
mesenchyme, contributed in part by the head and the lateral folds but, to a 
much greater extent, by the connecting stalk. The umbilical cord, therefore, incor- 
porates within itself the connecting stalk and its contained umbilical vessels and 
the allantoic canal. The part of the extra-embryonic coelom included in the 
umbilical cord acts as the sac for the normal umbilical hernia which characterises 
the embryo between the sixth and the tenth weeks (p. 168). After the dis- 
appearance of this hernia the remains of the extra-embryonic coelom normally 
become obliterated. 

The umbilical cord becomes spirally twisted, owing, it is believed, to the 
unequal growth of the two umbilical arteries ; it also increases in length so 
that at the end of pregnancy it is about 50 cm. long. 
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The implantation or imbedding of the fertilised ovum in the uterine wall. — As 
already stated (p. 51), fertilisation of the ovum is believed to occur in the lateral 
or ampullary end of the uterine tube, and is immediately followed by segment- 
ation. The segmenting ovum is conveyed along the uterine tube to the cavity 

Fig. 98. — A transverse section through the umbilical cord. 
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of the uterus by the action of the cilia of the epithelial lining of the tube, the 
journey occupying not less than three and not more than seven or eight days. 
By the time it reaches the uterus it possesses a well- developed trophoblast, 
which adheres like a parasite to the uterine mucous membrane, destroys the 
epithelium over the area of contact, and excavates for the ovum a cavity in 
the mucous membrane in which it becomes imbedded. In an ovum described 

Fig. 99. — A human embryo, 1*3 mm. long. (From a model by Eternod.) 
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by Bryce and Teacher* the point of entrance of the ovum into the uterine 
mucous membrane was visible as a small gap closed by a mass of fibrin and 
leucocytes (fig. 74) ; in an ovum described by Peters f the opening was covered 
with a mushroom-shaped mass of fibrin and blood-clot, the narrow stalk of 
which plugged the aperture in the mucous membrane. It is believed that this 
operculum represents a portion of the plasmodial trophoblast of the ovum which 
is cut ofi by the decidua capsularis {vide infra). 

* Contribution to the study of the early development and imbedding of the human 
ovum, 1908. 

t Die Einhettung des menschlichen Eies, 1899. 
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The structure actively concerned in excavating the uterine mucous mem- 
brane is the plasmodial trophoblast. This increases rapidly in thickness, invades 
and digests the uterine tissues, and attacks the walls of the uterine (maternal) 


Fig. 100. — Primary chorionic viUi. Diagrammatic. (Modified from Bryce.) 
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Fio. 101.— A secondary chorionic villus. Drawn from a microphotogi-aph. 
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infn^ 7 envelope soon becomes converted 
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blood from the dilated uterme vems and capillaries, the walls of which have 
been partially destroyed. The strands of trophoblast which constitSe the 
spong^ork are termed ptmury viUi* The blo?d spaces expand to form w£? 
IS ultimately known as the intervillous space. The inner wall of this space is 

( g. 101). The primary vilh become replaced by secondary villi, which contain 

♦ The classification of the villi adopted here is that suggested by H. Stieve, loc. cit. p. 63. 
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an inner core of primary mesenchyme derived from and continuous with the 
mesenchyme of the chorion. This core is covered by a single layer of cytotro- 
phoblast, which in turn is covered by a layer of plasmodial trophoblast. The 

Fig. 102. — Tertiary chorionic villi. Diagrammatic. (Modified from Bryce.) 
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secondary villi give off numerous branches and at their outer ends their cytotro- 
phoblast becomes continuous with the cytotrophobiast of the trophoblastic shell. 
The shell consists for the most part of cytotrophobiast, but it is covered on its 

Fig. 103. — transverse section of a tertiary chorionic villus. 
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inner surface by plasmodium. As a result the blood-bathed walls of the 
villous space and of the villi are everywhere formed of plasmodial trophoblast. 
Finally, the secondary villi are converted into tertiary villi by the develojment 
within them of vascular spaces which soon become linked up with the radicles 
of the umbilical vessels. Through the walls of these villi and of their contamed 
capillaries nutriment and oxygen pass to the foetal circulation from the maternal 

blood in the intervillous space. . v. 

The plasmodial trophoblast which lines the intervillous space has been 
termed resorptive trophoblast* as it is the medium by which nourishment is 
obtained for the ovum from the maternal circulation. Plasmodial trophoblast 

* J. Florian, Erganzungshefi z. Anat. Anzeiger , Bd. 66. 
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is found in other situations also, and especially around the periphery of the 
ovum where actively growing strands of plasmodium are responsible for the 
destruction of the uterine tissues. This variety is termed proliferative troplfio- 
blast, and its function is to enlarge the bed in which the ovum lies so as to 
provide for its increase in size. Wherever these strands of proliferative tropho- 

blast break through the wall of a uterine 
Fig. 104.— Sections of the uterine mucous blood-vessel and come into contact with 



the blood-stream, they* tend to change 
their character and become transformed 
into the more passive resorptive variety. 

The decidua. Before the fertilised 
ovum reaches the uterus, the mucous 
membrane of the body of the uterus un- 
dergoes important changes, and is then 
known as the decidua. The thickness 
and vascularity of the mucous membrane 
are greatly increased ; its glands are 
elongated and their deeper portions are 
tortuous and dilated into irregular spaces. 
The interglandular tissue is increased in 
quantity ; it contains a number of 
leucocytes, and is crowded with large 
round, oval, or polygonal cells, termed 
decidual cells. These changes are well 
advanced by the second month of preg- 
nancy, when the mucous membrane con- 
sists of the following strata (fig. 104) : 
(1) stratum compactum, next the free 
surface ; in this the uterine glands are 
only slightly expanded, and are lined 
with columnar cells ; (2) stratum spon^^ 
giosum, where the uterine glands are 
greatly dilated and very tortuous, and 
are ultimately separated from one 
another by a small amount of inter- 
glandular tissue; for a time the cells 
lining the glands are cylindrical, but later 
they become flattened ; (3) a thin limit- 
ing or boundary layer, next the uterine 
muscular fibres, containing the deepest 
parts of the uterine glands, which are 
not dilated, and are lined with cubical 
epithelium ; it is from this epithelium 
that the epithelial lining of the uterus is 
regenerated after parturition. 

After the ovum is imbedded distinctive 
names are applied to different portions 
of the decidua. The part which covers 
the ovum, is named the decidua cap- 
sularis ; the portion between the ovum 
and the uterine muscular wall is named 


the decidua basalis, and it is here that 
the placenta is subsequently developed ; the part which lines the remainder 
of the body of the uterus is known as the decidua parietalis (fig. 106.). 

Coincidently with the growth of the embryo, the decidua capsularis is 
thinned and distended (figs. 105, 106) and the space between it and the decidua 
parietalis is gradually obliterated. By the beginning of the third month of 
pregnancy the decidua capsularis and decidua parietalis are in contact ; by the 
fifth month the decidua capsularis has practically disappeared, while during 
the succeeding months the decidua parietalis also atrophies, owing to the 
increased pressure. The glands of the stratum compactum are obliterated, and 
their epithelium is lost ; in the stratum spongiosum the glands are compressed 
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Fig. 

bedded in the uterine decidua near the fundus ^ 


and appear as slit-like fissures, and their epithelium undergoes degeneration ; 
in the limiting or boundary layer, however, the glandular epithelium retains 
a cubical form. 

The chorion (figs. 89 to 94 and 100 to 102) consists of two layers : an outer of 
trophoblast, and an inner of' ^ . 

primary mesenchyme. The S’!.®- . 105, -Diagram showmg a young ovum im- 

ti'ophoblast consists of an in- 
ternal layer, termed the cyto- 
trophoblastj and an external 
layer, termed the plasmodial 
trophoblast. As stated (p. 53), 
the trophoblast undergoes rapid 
proliferation and forms, on the 
surface of the chorion, a suc- 
cession of processes which are 
known as the^nmary, secondary 
and tertiary chorionic villi (fig. 

101). Blood is carried from the 
embryo to the chorion by the 
umbilical arteries, and after cir- 
culating through the capillaries 
of the chorionic villi, is returned 
to the embryo by the umbilical 
veins. Until about the end of 
the second month of pregnancy 
the entire chorion is covered 
with villi, which are almost uni- 
form in size, and project into 
the decidua basalis and decidua capsularis (fig. 106). With the growth of the 
embryo and the expansion of the amniotic cavity the decidua capsularis is 
thinned and compressed, the circulation through it is gradually cut off, and 



Fig. 106. — sectional plan of the gravid uterus in the .second month. 

' Decidua basalis 

Intervillous space 


Umbilical cord' 
Decidua parietalis 

Chorion 

Decidua capsularis 


Yolk sac 
Amnion 



villus 


Embryo within 
amnion 


Plug of mucus 


the villi of the corresponding part of the chorion atropny and disappear. 
This portion of the chorion becomes smooth {chorion Iceve) ; and, as it takes 
no share in the formation of the placenta, is sometimes named the non- 
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placental part of the chorion. On the other hand, the villi on that part of the 
chorion which is in contact with the decidua basalis increase greatly in size and 
complexity, and hence this part is named the chorion frondosum (figs. 93a, 94). 

The placenta (figs. 106 to 108) connects the foetus to the uterine wall, and 
is the organ by means of which the nutritive, respiratory, and excretory functions 
of the foetus are carried on. It is composed of foetal and maternal parts. 

The foetal portion of the placenta consists of the- villi of the chorion frondosum, 
which branch repeatedly and increase enormously in size. The ends of some of 
the villi are anchored by columns of trophoblast to the walls of the intervillous 
space, but the majority hang free in the space. All are bathed in maternal 
blood, which is conveyed to and from the intervillous space by the uterine 

Fig. 107. — A foetus in utero, between the fifth and sixth months. 



vessels. Blood is carried from the embryo to the placental villi by the umbilical 
arteries, and returned to the embryo by the umbilical veins. One or two 
branches of an artery enter each villus and there end in a capillary plexus, 
which is drained by one or two tributaries of the veins. The vessels of the villi 
are surrounded by a thin layer of mesenchyme, which is covered with the two 
strata of the trophoblast, the cytotrophoblast being in contact with the mes- 
enchyme, and the plasmodial trophoblast in contact with the maternal blood 
(fig. 102) ; after the fifth month the two strata are replaced by a single layer 
of somewhat fiattened cells. 

The maternal portion of the placenta is formed by the decidua placentalis 
containing the intervillous space. As already explained (p. 76), this space is 
produced by the enlargement and intercommunication of the spaces in the 
trophoblast ; it is therefore lined throughout with plasmodial trophoblast. 
The formation of the intervillous space involves the disappearance of the greater 
portion of the stratum compactum, but the deeper part of this layer persists 
and is condensed to form what is known as the basal plate ; this constitutes the 
outer wall of the intervillous space, and consists of a stroma containing decidual 
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cells, portions of trophoblast and fibrinoid substance ; the last appears to be 
derived in part from the trophoblast and in part from the maternal blood. 
The interval between the basal plate and the uterine muscular fibres is occupied 
by the stratum spongiosum and the limiting layer ; through these and the basal 
plate the uterine arteries and veins pass to and from the inter villoTis space. 
Portions of the stratum compactum persist as pillars which project into the 
intervillous .spac.e, but these pillars do not extend, as far as the chorion, except 
in the marginal part of the placenta ; later they form the placental septa which 
incompletely divide the placenta into lobes or cotyledons. 

Fig. 108. — A scheme of the placental circulation. 
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Maternal blood is conveyed to the intervillous space by branches of the 
uterine arteries and carried away by tributaries of the uterine veins (figs. 107, 
108). These vessels lose their muscular coats as they enter the basal plate, and 
in this plate consist of sinuous channels lined only with endothelium ; these 
channels open into the intervillous space, the arteries ending near the placental 
septa and the veins beginning near the centres of the cotyledons. The 
endothelial lining of the uterine vessels ends where the vessels open into the 
intervillous space, the latter being lined throughout with plasmodial trophoblast. 
The circumferential part of the intervillous space consists of an irregular 
channel named the marginal sinus (fig. 108) ; this sinus partly encircles the 
placenta and communicates peripherally with the uterine veins, and centrally 
with the intervillous space ; clusters of placental villi project into it. 

The foetal and maternal blood- currents do not intermingle, being separated 
from each other by the delicate walls of the villi. Nevertheless, the foetal 
blood is able to absorb, through the walls of the villi, oxygen and nutritive mat- 
erials from the maternal blood, and to give up to the latter its waste products. 
The blood, so purified, is carried back to the foetus by the umbilical veins. It 
will thus be seen that the placenta not only establishes a mechanical connexion 
between the mother and the foetus, but subserves for the latter the purposes of 
nutrition, respiration, and excretion. That the placenta possesses certain 
selective powers is evidenced by the fact that glucose is more plentiful in the 
maternal than in the foetal blood ; it is interesting to note also that the propor- 
tion of iron, lime and potash in the foetus is increased during the last months 
of pregnancy. Further, there is evidence that the maternal leucocytes may 
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migrate into the foetal blood, since leucocytes are much more numerous in the 
blood of the umbilical vein than in that of the umbilical arteries. 

Aj^^lied ATWbtomy . — ^The placenta is usually attached near the fundus uteri, and its site 
corresponds with that at which the ovum is imbedded. It may, however, occupy a lower 
level, and in very rare cases occludes the intenial orifice of the uterus, thus giving rise to 
the condition known as placenta prcevia. 

The separation of the placenta , — ^After the child is born, the placenta and 
membranes (the latter consisting of the amnion, the chorion laeve and the 
superficial part of the decidua parietalis) are separated from the uterine wall 
and expelled as the after-birth. The separation takes place along the plane of 
the stratum spongiosum (fig. 108), and necessarily causes rupture of the uterine 
vessels. The orSces of the torn vessels are, however, closed by the firm 
contraction of the uterine muscular fibres, and thus post-partum haemorrhage is 
prevented. After the separation of the placenta and membranes a thin layer 
of the stratum spongiosum is left as a lining to the uterus, but this layer sub- 
sequently undergoes degeneration, and is cast off. The mucous membrane, 
the glands and the epithelial lining of the uterus are regenerated from the 
limiting or boundary layer of the decidua (p. 78). 

The expelled placenta is a discoid mass which has a weight of about 500 gm., 
a diameter of from 15 cm. to 20 cm., and an average thickness of about 3 cm., 
but the thickness rapidly diminishes near the circumference of the placenta, 
which is continuous with the membranes. Its uterine or outer surface is 
divided by a series of fissures into lobules or cotyledons which are imperfectly 
separated from one another by the placental septa. Its foetal or inner surface 
is smooth, and is closely invested by the amnion. When looked at through the 
amnion, the chorion presents a mottled appearance, consisting of grey, purple, 
or yellowish areas. The umbilical cord is usually attached near the centre of 
the foetal surface of the placenta, but may be inserted at any point between the 
centre and the margin ; in some cases it is inserted into the membranes, i.e. 
the velamentous insertion. From the site of the attachment of the cord the 
larger branches of the umbilical vessels radiate under the amnion, the veins 
being deeper and larger than the arteries. Beneath the amnion, close to the 
cord, the remains of the vitello-intestinal duct and yolk-sac are sometimes seen, 
the former as an attenuated thread, the latter as a minute sac. 

• On section, the placenta presents a soft, spongy appearance, caused by the 
greatly branched villi ; these are surrounded by a varying amount of maternal 
blood, which gives the structure its characteristic dark red colour. 


THE DEVELOPMENT OF THE. INDIVIDUAL SYSTEMS 

The development of the embryo has already been traced to a stage at which 
the process of differentiation becomes so complicated that it is no" longer 
possible to deal with the embryo as a whole. At this stage the embryo is only 
partly constricted off from the entodermal vesicle. The head- and tail-folds 
have formed, with the resultant enclosure of the fore-gut and the hind-gut. 
The projection caused by the fore-brain is now the cephalic end of the embryo, 
and the buccopharyngeal membrane and the pericardium lie caudal to it on 
the ventral aspect. The secondary mesoderm has differentiated to a certain 
extent, and its paraxial portion is undergoing segmentation with the resultant 
formation of mesodermic somites. The neural groove is in process of closure to 
form the neural tube and it is separated from the dorsal wall of the gut by 
the notochord. The earliest blood-vessels have been laid down and a primi- 
tive tubular heart is present in the pericardium. The chorionic circulation 
has been established and the embryo derives the nourishment which it re- 
quires from the maternal blood. The intra-embryonic coelom consists of 
the pericardial cavity, from the dorsal aspect of which right and left pleuro- 
pericardial canals lead tailwards and, caudal to the septum transversum, 
communicate freely with the peritoneal cavity and with the extra-embryonic 
coelom (fig. 88). 
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It is now necessary to deal with the development of the various systems 
and organs independently of one another, but, in the pages that follow, it will 
frequently be necessary to refer back to the stage which has just been 
summarised. 


THE DEVELOPMENT OF THE SKELETAL SYSTEM 

The. skeleton is of mesodermal origin, and most of its parts pass through, 
first, a membranous or mesenchymal stage, and then a cartilaginous stage 
before they become ossified. In many instances the process of ossification 
follows immediately on the membranous stage, and the stage of chondrification 
is omitted. 

The vertebral column. — Before it reaches its final condition the central 
axis of the body passes through no fewer than three preliminary stages. In 
the first place it is formed by the non-segmented notochord (p. 59), a flexible 
rod of cells enclosed within a stout membranous sheath. This structure, 
however, is not limited to the region in which the vertebral column is laid down, 
but extends into the region of the head as far as the caudal aspect of the hypo- 
physis cerebri, and is subsequently incorporated in the basilar portion of the 
occipital bone and the posterior part of the body of the sphenoid. 


Fig. 109. — A scheme showing the manner in which each vertebral body is 
’ developed from portions of two adjacent segments. 
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The notochord acts as a framework around which the scleratogenous tissue 
derived from the sclerotomes (p. 66) builds up a blastemal or mesenchymal 
vertebral column, consisting of thirty-five or more segmental units, which are 
termed protovertebrce. Fusiform cells from the sclerotomes migrate ventrally 
and medially on each side and enclose the notochord in a mass of mesenchyme, 
which outlines the vertebral centrum (fig. 87). Coronal or sagittal sections 
passing through the blastemal column show that the cells are more closely 
packed together in the caudal half of each protovertebra and more loosely 
arranged in its cephalic half (fig. 109). From the darker, caudal portion of the 
proto vertebra an extension grows dorsally on each side of the neural tube to 
outline the neural arch, and another extension grows laterally into the interval 
between the corresponding myotome and the one caudal to it, to outline the 
costal process. While these extensions are appearing, the darker caudal half of 
each protovertebral centrum fuses with the lighter, cephalic half of the one 
caudal to it. In this way the segmental protovertebrae give place to blastemal 
vertebrcB, each of which is formed from portions of two adjoining segments and 
retains connexion with the lateral and dorsal outgrowths from its cephalic half. 
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As no further change in position occurs during the ensuing periods of chondri- 
fication and ossification, it follows that the intervertebral discs of the adult are 
segmental in origin, whereas the vertebral bodies comprise portions of two 
adjoining segments and the intersegmental tissue between. The intersegmental 
vessels, which lay opposite the intervals between the protovertebrae, now lie 


Fig. lip.-r-Diagrams showing (A) 'tHo biastemal and (B) the cartilaginous stages 

of a typical vertebra. 



opposite the vertebrae, a topographical relationship which persists in the adult 
in the lumbar and lower thoracic regions. 

The third stage in the development of the central axis of the body commences 
in the seventh week with the appearance of centres of chondrification in the 
blastemal vertebrae and their neural arches and proceeds to the formation of 
a cartilaginous vertebral column. Two centres of chondrification appear in 
the caudal half of each blastemal vertebra and fuse to form the cartilaginous 
centrum. Independent centres appear in each half of the neural arch and in 
each costal process. In the former chondrification extends forwards into the 
pedicles and backwards into the laminae, but the two laminae do not meet and 
fuse with one another until the fourth month of intra-uterine life. The centre 


Fig. hi. — ^D iagrams showing the transformation of the hypochordal bow into the 
anterior arch of the atlas. 
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of chondrification in the costal process extends both laterally and medially and 
soon fuses temporarily with the centrum of the vertebra. This continuity does 
not last long and disappears as the costocentral joint becomes defined. Later, 
chondrification extends laterally from the neural arch to outline the transverse 
process, which lies dorsal to the costal process. 

Special reference must be made to a structure which, although present 
in the blastemal period, only becomes reco^isable as a separate entity subse- 
quent to chondrification. This structure is named the hypochordal bow. It 
connects the vertebral ends of the two costal processes to each other across 
the ventral surface of the centrum (fig. Ill), and, it should be observed, is only 
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found in connexion with the upper three or four cervical vertebrae. In the case 
of the atlas the hypochordal bow persists, and becomes ossified during the third 
year to form its anterior arch and the anterior ends of its lateral masses. In the 
cases of the succeeding vertebrae the hypochordal bow undergoes degeneration, 
and subseq[uently either disappears in its entirety or becomes incorporated in 
the anterior part of the centrum. 

The notochord can still be identified traversing the centra of the cartil- 
aginous column. Ultimately the portions within the centra atrophy and 
disappear, but the portions in the intervertebral discs are said to expand and 
persist throughout life as the central nucleus pulposus of each disc (p. 436). 

Towards the end of the second month of intra-uterine life centres of ossifica- 
tion appear in the cartilaginous vertebrae, and the vertebral column enters on 


Fig. 112. — A sagittal section through an intervertebral disc and the adjacent 
parts of two vertebrae of the embryo of a sheep. (Kolliker.) 
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its fourth and last stage, viz. that of ossification. The details of this process 
are described on p. 224, 

Applied Anatomy , — Occasionally the coalescence of the laminae is not completed, and 
consequently a cleft is left in the arches of the vertebrae, through which a protrusion of 
the spinal membranes (dura mater and arachnoid), and generally of the spinal cord and 
pia mater, takes place, constituting the malformation known as spvm bifida. This condition 
is most common in the lumbosacral region, but it may occur in the thoracic or cervical 
region, or the arches throughout the whole length of the canal may remain incomplete. 

The ribs. — The ribs are formed from the costal processes of the primitive 
vertebral arches, the processes extending between the muscle-plates. In the 
thoracic region of the vertebral column the costal processes grow laterally to 
form a series of arches termed the primitive costal arches. The transverse process 
grows out behind the vertebral end of the costal process, and is at first connected 
to it by mesench 3 ane which is later differentiated to form the ligaments of the 
costotransverse joint ; between the costal process and the tip of the transverse 
process the costotransverse joint is formed by absorption, while the proximal 
end of the costal process becomes separated from the neural arch by the 
development of the costocentral joint. In the cervical vertebree (fig. 113) the 
transverse process forms the posterior boundary of the foramen transversarium, 
while the costal process, corresponding to the head and neck of the rib, remains 
in continuity with the body of the vertebra, and forms the anterior and lateral 
boundaries of this foramen. The distal portions of the primitive costal arches 
remain undeveloped ; occasionally, however, the costal processes of the seventh 
cervical vertebra undergo greater development, and by the formation of costo- 
vertebral joints are separated off as cervical ribs. In the lumbar vertebree the 
distal portions of the primitive costal arches fail ; the proximal portions fuse 
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with the transverse processes to form the transverse process- of descriptive 
anatomy. Occasionally a pair of movable ribs is developed in connexion with 
the first lumbar vertebra. In the sacral vertebrce costal processes are developed 
only in connexion with the upper three or four vertebrae ; the processes of 
adjacent segments fuse with one another to form the anterior portions of the 
lateral masses of the sacrum. The coccygeal mrtebrcB devoid of costal 
processes. 

The sternum. — The ventral ends of the upper nine ribs become united to 
one another by a longitudinal bar termed the sternal plate, and the two sternal 


Fig. 113. — ^Diagrams showing the portions of the adult vertebrae derived respectively 
from the centra (yellow), neural arches (pink), and costal processes (blue) 
of the embryonic vertebrae. 






plates fuse in the median plane. Incomplete union of these two sternal plates 
may result in the presence of a foramen in the adult bone (p. 230). Both ribs 
and sternal plates consist at first of condensed mesenchyme, which later 
becomes chondrified. The eighth and ninth ribs lose their connexion with the 
sternum, and the portion so freed becomes the xiphoid process. This process 
of separation may be arrested too soon, and in this event the number of true 
ribs is increased to eight, or it may be carried too far and so cause a reduction 
in the number from seven to six. The ossification of the ribs and sternum is 
described on pp. 232 and 237. 

The skull.— The bones of the cranium are developed in the mesenchyme 
which invests the cerebral vesicles, but, before the osseous stage is reached, tiu* 
skull passes through, firstly, a blastemal or membranous stage, and, secondly, 
a cartilaginous stage. The chrondrocranium, which is formed in the second 
stage, is incomplete, and most of the cranial vault and portions of the base are 
not preformed in cartilage. 
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The membranous or hlasterml skull. — At the end of the first month of intra-uterine life 
and the beginmng of ' the second^ the mesenchyme which surrounds the developing brain 
increases in thickness and forms localised masses which represent the earliest distinguishable 
elements of the skeleton of the head. These masses first become evident in the occipital 
region, where they form the occipital plate, which outlines the basilar part of the occipital 
bone. Two extensions grow laterally from each side of the plate, and their lateral extre- 
mities fuse with each other to complete a foramen around the hjrpoglossal nerve. At the 
same time the mesenchymal condensation extends forwards, dorsal to the pharynx, and 
reaches the rudiment of the hypophysis cerebri, thus outlining the clivus and dorsum sellse 
of the sphenoid bone. Early in the 

^cond month it sujTomidB the duct of U4.-A sagittal section through the 

the hypophysis cerebri and eirtends be- cephaUc end of the notochord. (Keibel.) 

tween the right and left halves of the 
nasal cavity, where it forms the basis 
of the ethmoid bone and nasal septum. 

The notochord traverses the occipital 
plate obliquely from its dorsal to its 
ventral surface and comes into intimate 
relation with the epithelium of the dorsal 
wall of the pharynx, with which it is 
for a time directly connected. It re- 
enters the base of the membranous skull 
and runs forward to terminate caudal to 
the hypophysis (fig. 114). 

About the fifth week the two auditory 
vesicles (p. 130) become enclosed in 
mesenchymal capsules, each of which is 
soon differentiated into a dorsilateral 
part enveloping the semicircular ducts, 
and a ventrimedial part surrounding 
the cochlea ; at the upper boundary be- 
tween these two parts the facial nerve 
lies in a deep groove. The auditory 
capsules fuse with the lateral processes 
of the occipital plate, leaving a wide gap 
through which the internal jugular vein, and the glosso-pharyngeal, vagus and accessory 
nerves are transmitted. 

At this stage the mesenchyme which surrounds the hypophyseal duct and forms the 
rudiment of the post-sphenoid part of the body of the sphenoid bone sends out a wing-like 
process on each side — ^the future greater wing. More anteriorly, from the central mesencbymt) 
which is to form the interorbitonasal septum, processes extend laterally and indicate the 
sites of the lesser wings of the sphenoid bone, while condensations occur on each side of the 
nasal cavity and blend above with the mesenchymal septum. 

The first indications of the vault of the skull are seen about the thirtieth day, and 
consist of plates of mesenchyme which appear at the sides of the head and gradually extend 
into the upper wall where they blend with one another ; they also blend with the parts at 
the base of the cranium. 

In the shark and dogfish this mesenchymal cranium undergoes complete chondrification 
and forms the cartilaginous skull or chondocranium of these animals. Chondrification 
takes place primarily in two regions ; {a) the anterior or prechordal part is developed in 
front of the notochord and shows no regular division into primitive segments ; {h) the 
posterior or chordal part of the base of the skull is developed from the mesenchyme which 
surrounds the notochord, and exhibits traces of four primitive segments separated from 
one another by the roots of the hypoglossal nerve. 

In mammals the process of chondrification is limited to the base of the skull, including 
a region dorsal to the foramen magnum. Chondrification takes place primarily in three 
regions ; (a) posterior, in relation to the notochord ; (6) intermediate, in relation to the 
hypophysis ; and (c) anterior, between the orbits and the nasal cavity. These parts may 
be named chordal, hypophyseal, and interorbitonasal ; perhaps the last is identical with the 
trabeculae cranii of the majority of vertebrates lower than mammals. It is uncertain what 
the hypophyseal part represents ; when ossified it forms the post-sphenoid. 

* In man chondrification of the skull (figs. 115, 116, 117) begins in the second month 
of intra-uterine life, and the first cartilaginous nuclei appear in the occipital plate, one on 
each side of the notochord. About the thirty-sixth day these two nuclei fuse anteriorly 
on the dorsal surface of the notochord, and later they fuse posteriorly on its ventral surface. 
Thus the notochord lies dorsal to the caudal part of the cartilaginous occipital plate, then 

* The following description is mainly based on the researches of Professor E . Fawcett. The 
reader is referred for further details to the Journal of Anatomy and Physiology, volumes xlv., li 
and lii., and to the Proceedings of the Anatomical Society of Great Britain and Ireland, 1916. 
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traverses the plate and lies ventral to it, and finally passes forwards in front of it and ends 
in the dorsal surface of the post-sphenoid cartilage (fig. 114). 

The posterior part of the sphenoid cartilage chondrifies from two centres, one on each 
side of the developing hypophysis cerebri ; these unite first behind the duct of the h 3 rpo- 
physis and then in front of it, and in this way the craniopharnygeal canal, which transmits 
the hypophyseal diverticulum, is formed ; this canal is usually obliterated at the third 
month, but may remain open. 

The mesenchyme in front of the hypophysis cerebri undergoes independent chondrific- 
ation ; it speedily joins with the posterior end of the chondrifying interorbitonasal septum, 
and from these are subsequently developed the presphenoid part of the sphenoid bone and 
the bony (ethmoid) part of the nasal septum. All the above-mentioned parts ultimately 


Fig. 115. — The chondrocranium of a human embryo of a crown-rump length of 
27 mm. Superior aspect. (From a model prepared by Prof. Edward 
Fawcett and Gwladys Ruth Llewelyn, B.Sc.) 
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fuse and form a continuous cartilaginous stem from the anterior edge of the foramen 
magnum to the anterior end of the nose. 

The auditory capsule next undergoes clioiidritication, the portion surrounding th(‘ 
semicircular ducts chondrifying before that enveloping the cochlea. A plate of cartilage 
is connected to the top of each auditory capsule by means of a cartilaginous commissure. 
At the third month this plate forms a considerable part of the side-wall of the cranium, 
and is separated by only a small interval from the hinder end of the lesser wing of the 
sphenoid bone. The distance between the two rapidly increases owing to the disappearance 
of the cartilage. 

It is highly probable that the roof of the cranium in its typical human condition is formed 
by tinee tecta, which may be called the tectum posterius, tectum intermedium^ and tectum 
anterius. The tectum posterius is the deepest, and when ossified forms the supra-occipital 
segment of the occipital bone. The tectum intermedium is very narrow and lies immediately 
in front of the tectum posterius ; it soon disappears, and may not even form. The tectum 
anterius, which stretches between the two parietal plates, is a compound structure con- 
sisting of two lateral pieces, one on each side, and a median unpaired segment. Like the 
tectum intermedium, it soon disappears. 
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septal cartilages, connected to each other by a fibrous membrane, and represented in lower 
mammals by a single cartilaginous bar. The anterior paraseptal cartilage is closely re- 
lated to the vomero-nasal organ ; the posterior paraseptal cartilage is connected by a 
naiTOw transverse lamina to the postero-inferior comer of the lateral part of the capsule 

(fig. iiv). 

Part of the cartilaginous nasal capsule, as already stated, is ossified to form the ethmoid 
bone and the inferior nasal oonchse, but part remains cartilaginous as the septal and alar 
cartilages of the nose, and part is replaced by membrane bones. 

The ventral surface of the chondrocranium is indirectly connected with the 
cartilages of the visceral arches, the fate of which is described below. 

It will be observed from the accompanying figures that the stage of 
ossification commences before the chondrocranium has yet reached the height 


Fig, 117. — The nasal capsule of a human embryo 66 mm. long. Ventral aspect. 
On the left side the floor of the capsule has been removed. (From a model 
by Professor Edward Fawcett.) 
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of its development. As the process of ossification extends the chondrocranium, 
after reaching its maximum extent, becomes rapidly reduced, but portions 
of it still persist at birth, and some are found in the adult skull. At birth the 
cartilage of the chondrocranium is present : (l)in the cartilages of the alae and 
septum of the nose ; (2) in the sphenoid bone (p. 294) ; (3) in the spheno- 
occipital (p. 426) and the petro-occipital joints (p. 426) ; and (4) in the foramen 
lacerum. 

The bones of the vault of the skull are ossified in membrane, and are termed 
dermal or covering hones. They comprise the frontal and parietal bones, the 
upper part of the squama occipitalis (interparietal bone), and the squamous and 
t;pipanic parts of the temporal bones. Some of the dermal bones remain 
distinct throughout life (e.g. parietal and frontal), while others join with the 
bones of the chondrocranium (e.g. interparietal and squamous parts of tem- 
porals). The ossification of the bones of the skull is given with the description 
of the individual bones. 

The development of the appendicular skeleton is dealt with on p. 101. 


THE BRANCHIAL APPARATUS 

After the formation of the head-fold the stomodseum, or primitive mouth, 
is bounded on its headward side by the forward projection of the fore-brain 
and on its caudal side by the pericardium. The lower part of the face and the 
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whole of the neck, which subsequently intervene between the mouth and the 
pericardium, owe their formation to the development of a series of six visceral 
arches which appear on the lateral aspect of the head in the region of the hind- 
brain. The first of these arches corresponds to the lower jaw of the fish, the 
second to the operculum or gill 

cover, and the remaining four Fio. 118.— A human embryo, 4-2 mm. long. Left 
to the branchial or gill arches. lateral aspect. (His.) 


The mesenchyme on the lateral 
wall of the headward part of 
the fore-gut (lateral plate 
mesoderm) (p. 61) at first 
forms a thin sheet intervening 
between the ectoderm and the 
entoderm but, as growth pro- 
ceeds, it proliferates and gives 
rise to a series of somewhat 
cylindrical processes which 
constitute the arches. At 
first the arches form rounded 
ridge-like projections in the 
overlying ectoderm and cor- 
responding projections in the 
entodermal fioor of the 
pharynx. These ridges are 
separated from one another 
by a series of furrows, where 
the surface ectoderm and the 
pharyngeal entoderm come 
into direct contact with one 



another. The ectodermal furrows are termed the branchial or visceral clefts 


and the entodermal furrows the phar 3 mgeal pouches. At this stage the 
pharynx, which is wide at its cephalic end but rapidly narrows as it is traced 
caudally, is very shallow dorsi-ventrally. It possesses a wide roof and a 
wide fioor, which meet on each side, so that there is no true lateral wall 


(fig. 119). 

The early appearance of the arches and their intimate relationship to the 
mouth and to the heart and pericardium, not only in man but in the embryos 
of all the vertebrata, are explained by their functional significance in the 
lower vertebrates. They provide for water-breathing animals a convenient 
and. efficient respiratory apparatus. Erom the arterial, headward end of the 
heart there emerge two ventral aortae which pass headwards on the ventral 
aspect of the pharynx and send branches dorsally, one entering the substance 
of each arch. In the substance of the arches these vessels break down into a 


thin- walled capillary plexus from which corresponding vessels emerge and 
run dorsally to join "the dorsal aortse — ^two large vessels situated on the dorsal 
aspect of the pharynx. The branchial clefts in these animals break down 
and a series of gill slits develop which communicate between the exterior and 
the inside of the pharynx. Periodically the oxygen-bearing water is taken 
into the pharynx through the mouth and expelled through the gill slits. In 
its passage it bathes the entodermal surfaces of the branchial arches, which are 
specially adapted to expose to it a large area fiUed with capillaries. The 
blood gives up its carbon dioxide and absorbs fresh oxygen in its place, and 
this oxygenated blood is carried into the dorsal aortse to be distributed aU over 
the body. The periodic intake of water for this purpose is the equivalent of 
inspiration in an air-breathing vertebrate, and the process provides a respiratory 
mechanism in which water and not air is the oxygen carrier. 

The first or mandibular arch grows ventrally and medially in the floor of 
the pharynx until it meets the corresponding arch of the opposite side in the 
median plane. It comes to lie, therefore, between the primitive mouth 
and the pericardium (fig. 118). The second or hyoid arch grows ventrally 
on its caudal side, and separated from it on the outside by the first cleft. 
It, too, ultimately reaches the median plane and fuses with its fellow. The 
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succeeding third and fourth never attain any great degree of prominence, 
and are for the most part sunk in a depression produced by the caudal over- 
lapping of the hyoid arch. The fifth and sixth arches cannot be recogmsed on 
the outside of the neck and their presence can only be demonstrated by 
the arrangement of the mesenchyme and the projections in the pharyngeal 
wall. 

It should be observed that each arch consists of an ectodermal covering, 
a mesodermal core, and an entodermal covering (fig. 119). The mesodermal 
core gives rise to a skeletal element, which subsequently chondrifies in whole or 
in part and extends dorsally until it comes into contact with the membranous 
capsule of the hind-brain. Most of the remainder of the mesodermal core later 
gives rise to striated muscle^ which may migrate and lose all attachment to the 

Fig. 119. — Coronal section through the head of a mole embryo, 4*5 mm. long. 

The section passes through the hind-brain, the pharynx, the hyoid and a part 
of the third visceral arch. 
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primitive skeletal element of the arch. The history of these muscle masses can, 
however, easily be traced by reference to their nerve-supply. The dorsal end 
of each arch, as has already been pointed out, lies close to the ventrilateral 
aspect of the hind-brain (fig. 119) and the motor nerves which arise from this 
part of the brain pass directly into the arches. The innervation of the muscle 
masses once established will persist, no matter how far the muscle may migrate 
from the site of its development. Thus, the mandibular division of the tri- 
geminal nerve supplies the mandibular arch ; the facial nerve, the hyoid arch ; 
the glossopharyngeal, the third arch ; the vagus and accessory, the remaining 
arches. It is probable that the recurrent laryngeal nerve is distributed to the 
sixth arch and the superior laryngeal to the fourth, but the individual nerve of 
the fifth arch — ^which is always difficult to identify and leaves few traces of its 
existence — ^is uncertain. 

The development of the branchial apparatus plays an important part in 
the formation of the face and neck, the mouth, the pharynx and the larynx, 
but before a detailed survey is made of the history of the arches it is convenient 
at this stage to describe the steps which lead to the formation of the face and 
the demarcation of the nasal cavity. 

Development of the face, nose and palate. — ^While the mandibular arch is 
invading the floor of the pharynx, the mesenchyme which intervenes between 
the floor of the fore-brain and the epithelial roof of the mouth becomes thicker 
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and deeper and, together with its covering ectoderm, constitutes the frontonasal 
'process. During the fifth week a thickened patch of ectoderm appears on the 
ventrilateral surface of the fronto- 
nasal process on each side. These Fig. 120.— The head-end of a human embryo, 
specialised patches, which are about the fifth week. Lateral aspect. (From 
widely separated from each other, Peter.) 

are termed the olfactory placodes, 
and they soon become depressed 
to form the olfactory pits. The 
frontonasal process can now be 
subdivided into a median nasal 
process, which occupies the wide 
field intervening between the pits, 
and two lateral nasal processes, 
which lie on either side of it. 

While these changes are in 
progress a somewhat triangular 
process grows ventrally from the 
cephahc side of the dorsal end of 
the mandibular arch. It is termed 
the maxillary process and, like the 
frontonasal process, it consists of 
a core of mesefichyme covered 
with ectoderm. The maxillary 
process grows ventrally to fuse 
wdth the lateral nasal process, 
from which it is separated at first 
by a groove, termed the naso-optic 
furrow. While it is enlarging, the 
median nasal process gives origin to two rounded sweUings, termed the globular 
processes, which project beyond the lateral nasal processes and grow dorsally 
and laterally below the olfactory pits. 

The opposed margins of the lateral nasal and maxillary processes fuse with 
each other to establish continuity between the side of the nose and the adjoining 

Fig. 121. — The head of a human embryo 8 mm. long. Ventral aspect. (From a 

model by His.) 


part of the cheek (fig. 125). The ectoderm along the line of fusion does not 
disappear, but gives rise to a solid, cellular rod, which sinks beneath the 
surface. Its caudal, free end secondarily establishes a connexion with the 
caudal part of the lateral wall of the nasal cavity. Later, this rod becomes 
canaliculised to form the nasolacrimal duct. The blunted apex of the triangular 
maxillary process projects beyond the lateral nasal process and carries that 
process on its cephalic surface to meet and fuse with the globular process below 
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the olfactory pit (figs. 122 and 123). In this way a new upper boundary is 
formed for the oral fissure by the globular and maxillary processes. It is really 
the upper lip, although it has not yet been freed from the deeper tissues which 
form the maxillary alveolus (figs. 126 and 128). At the same time the olfactory 
pit is converted into a shallow nasal cavity, and now possesses a floor formed 
by the lateral nasal and maxillary processes. At this stage the nares are 
completely defined, but they are still widely separated from each- other by 
an area which later becomes relatively narrower, owing to the fusion of the 
mesenchymal cores of the globular processes. The mesench^^e of the maxill- 
ary processes invades the median area and makes a substantial contribution to 
the formation of the fUltrwrrk of the upper lip (fig. 125). This invasion of the 
median area explains the innervation of the philtrum by the maxiUary nerve. 


Fig. 122. — The head-end of a htunan 
embryo in the sixth week. Ventral 
aspect. (From a model by K. Peter.) 



Future a-pex of nose 
Median nasal process 

Olfactory pit 
Lateral nasal process 
Globular process 
Maxillary process 

Stomodneum 
Mandibular arch 


Fig. 123. — ^The same embryo as is shown 
in fig. 122, with the front wall of the 
pharynx removed. 
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The nasal cavity deepens, and for a time it is only separated from the cavity 
of the mouth on each side by the bucconasal membrane, which consists of the 
epithelial lining of the pit and the epithelial lining of the roof of the mouth 
(fig. 126) . This membrane ruptures about the fifth week and ^primitive posterior 
nasal apertures open on the fore part of the roof of the mouth. The area between 
these openings and the line along which the teeth subsequently develop, 
constitutes the primitive palate (fig. 126), since it intervenes between the 
cavities of the mouth and nose. 

As the head grows in size the mesenchyme which intervenes between the 
floor of the fore-brain and the mouth increases greatly in amount and the nasal 
fossae deepen (i.e, extend towards the fore-brain). At the same time they 
extend backwards from the primitive posterior nasal apertures as two narrow 
but deep grooves in the roof of the mouth, separated by a broad partition 
which increases in depth as the fossae deepen. This partition is the nasal septum, 
and its broad caudal surface lies free in the roof of the mouth and is at first in 
contact with the dorsum of the developing tongue (fig. 127). The nasal cavity 
is thus subdivided into right and left parts, which communicate freely with the 
cavity of the mouth except ventrally, where the floor is formed by the primitive 
palate. 

In the sixth week the inner surface of the maxillary process gives rise to a 
palatine process, which projects caudally from it and lies in contact with the side 
of the tongue (fig. 127) . The two palatine processes are separated at first by the 
whole breadth of the tongue, and at this stage the cephalic margin of the oral 


THE DEVELOPMEISTT OE THE NOSE AND PAI.ATE 95 

fissure extends ventrally beyond the caudal margin. Further growth of the 
mandibular region in a ventral direction carries the tongue with it cmidal to the 
ventral ends of the palatine process, which thereafter grow towards each other 
and coalesce in the interval between the tongue and the free margin of the nasal 
septum (fig. 129). As the palatine processes fuse with each other, they fuse also 
with the caudal border of the nasal septum in its ventral three-fourths, leaving 


Fig. 124. — The face of a 
human, embryo of about 
eight weeks, in which the 
nose and mouth are 
formed. (From a model 
by His.) 



Fig. 125. — diagram showing the parts of the adult 
face which are related to the frontonasal and maxill- 
ary processes and the mandibular arch. 



its dorsal fourth free to form the posterior margin of the septum in the adult. 
In this way the definitive posterior nasal apertures are established, opening 
above the palate into the nasal pharynx. Later, the palatine processes are 
continued backwards on the* side wall of the pharynx and meet and fuse with 
each other to form the soft palate. At their ventral ends the palatine processes 
encroach on the primitive palate, wliich retains its position and constitutes the 
premaxillary portion in the adult. 



On the left side the lateral wall of the nasal cavity, has been removed. 


On each side of the nasal septum, at its caudal and ventral part, the ecto- 
derm is invaginated to form a diverticulum which extends dorsally and head- 
wards into the nasal septum. These diverticula form the vomeronasal organs, 
which open below, close to the junctions of the premaxiUae and maxillae, but 
they are always rudimentary in man. 
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Ccmgenital malformations involving arrest of development during the formation of the 
face and palate are not tmcommon. In the simplest form, the maxillary process on one side 
fails to fuse completely with the globular process and a fissure is present between the phil- 
trum and the lateral part of the upper lip. The condition is known as ha/re-lip. A shnilar 
type of malformation, but of comparatively rare occurrence, results from the failure of the 
maxillary process to fuse with the frontonasal process. In this case the nasolacrimal duct 


Fig. 127. — Oblique coronal section through the head of a human embryo 23 mm. 
long. The nasal fossae communicate freely with the cavity of the mouth. 



forms an open furrow along the side of the nose, and the condition is usually associated with 
the presence of hare-lip on the same side. 

The palatine processes may fail to fuse with each other and with the nasal septum, 
giving rise to the condition of cleft •palate. In its grossest form no fusion occurs in the roof 
of the mouth. The edges of the palatine process are separated by a wide median fissure 
in which the free lower border of the nasal septum can be seen. Anteriorly the premaxillary 


Fig. 128. — The roof of the mouth of a human embryo about two and a half months 
old, showing the mode of formation of the palate. (From a model by Bfis.) 



portion of the palate is separated from the palatine processes by a fissure on each side, and 
these fissures are continuous in front with the clefts in a double hare-lip. In such cases 
the median nasal process remains separate, but it is, of course, continuous above and behind 
with the nasal septum. The floor of the nasal fossa is deficient throughout its whole extent 
and the posterior nasal apertures have never been defined. All varieties of milder degrees of 
cleft palate have been recorded. In the commonest type the condition is unilateral, i.e. one 
palatine process has fused with the primitive palate and with the nasal septum, but the other 
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has failed to do so and the extent of the cleft is variable. The mildest degree results in a 
bifid uvula only, or in a cleft which affects the soft palate only. 

Such arrests of development are indicative of nutritional disturbances in the embryo 
during the second month of development, and the grosser varieties are usually associated 
vdth malformations affecting other parts of the body. 


Fig. 129. — A coronal section through the nasal cavity of a human embryo 28 mm. 

long. (KoUmann.) 



The subsequent history of the visceral arches. — The visceral arches con- 
tribute extensively to the formation of the face, the neck, the mouth, the 
pharynx and the larynx ; the visceral clefts, with the exception of the first, 
which forms the external auditory meatus, disappear entirely ; the pharyngeal 
pouches give origin to the tympanic cavity and the pharyngo-tympanic"(audi- 
tory) tube, the tonsillar pits, the thymus and the parathyroids. 

Ectodermal derivatives. — The ectoderm over the mandibular arch is re- 
sponsible for the formation of that part of the skin of the face which covers the 
mandible (fig. 125) and, in addition, it takes part in the formation of the 
auricle (p. 132). The ectoderm on the cephalic aspect of the arch thickens 
along a curved line which is later converted into the labiodental sulcus. The 
epithelial proliferation invades the imderlying mesenchyme and subsequently 
breaks down, so as to separate the lower lip from the developing gum. Before 
it does so, however, it gives rise on its inner surface to an epithelial lamina 
(fig. 1136) from which the enamel of the teeth is derived at a later stage (p. 1279). 

The first cleft becomes obliterated in its ventral portion, but its dorsal end, 
surrounded by tubercles which arise from the mandibular and hyoid arches to 
form the auricle, deepens and forms the epithelial lining of the external auditory 
meatus. 

At the end of the fifth week the third and fourth arches lie at the bottom 
of a small depression, which is termed the precervical sinus. On the cephalic side 
the sinus is bounded by the hyoid arch ; dorsally, by a ridge produced by down- 
growths from the occipital myotomes and by premuscle tissue which subse- 
quently forms the sternomastoid ; and caudally, by a smaller ridge termed the 
epiperi cardial ridge (Frazer) which separates the sinus from the pericardium 
and curves headwards, medial to the ventral ends of the arches to reach the man- 
dibular arch. The muscle cells which migrate from the occipital myotomes to 
reach the tongue foUow the epipericardial ridge and carry the hypoglossal nerve 
with them. The fourth arch becomes buried by the growth of the dorsal border 

G.A. D 
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of the sinus, which, together with the epipericardial ridge and the reduced 
second and third arches, eventually constitutes the whole of the side of the neck. 

At the dorsal ends of the first, second and third clefts, thickened patches 
of ectoderm, termed epibranchial placodes, are intimately related, and may 
possibly make contributions, to the ganglia of the seventh, ninth and tenth 
cranial nerves. As growth proceeds they retain their relationship to the 
ganglia and therefore become more and more deeply placed, although for a 
time they remain connected to the surface by epithelial strands. 

The above outline of the development of the neck follows the work of Frazer,* but it 
should be mentioned that it differs in several respects from the description current in most 
textbooks. According to the latter, the hyoid arch meets its fellow in the median plane 
and, caudally, grows over and buries the whole of the precervicaf sinus, fusing eventually 
with the ectoderm over the headward aspect of the pericardium. 

The buried epithelium of the precervical sinus may give rise to a hraTichial cyst, or, if 
its connexion with the surface is retained, to a branchial fistula. In the latter case the 
opening of the fistula is placed low down in the neck, close to the anterior border of the 
stemomastoid muscle. 


Mesodermal derivatives. — Each arch is traversed by an artery, which con- 
nects the ventral to the dorsal aorta and is termed an aortic arch. Phylogeneti- 
cally each visceral arch possesses two nerves, one running along its cephalic 
and the other along its caudal border. In the human embryo tl 3 is''^uble 
innervation can only be determined in the first arch. Each arcK^ntains a 
skeletal element, tjrpically a bar of cartilage connected to the chondrocranium 
at its dorsal end and meeting its fellow of the opposite side at its ventral end. 
The cartilage develops in situ from the mesoderm of the arch, which also gives 
origin to a mass of muscle. 

The first and second aortic arches of each side disappear, but the third aortic 
arch persists as the lower, or proximal, portion of the internal carotid artery 
and the distal part of the common carotid (fig. 130). The fourth aortic arch 
of the right side forms the proximal part of the right subclavian artery, but on 
the left side it becomes the part of the arch of the aorta which lies between the 
origins of the left common carotid artery and the left subclavian. The fifth 
aortic arch disappears entirely, but the sixth on each side gives off a branch to 
the developing lung-bud. When the truncus arteriosus becomes divided into 
the pulmonary trunk and the ascending aorta the sixth arches remain in con- 
nexion with the former. On the right side the dorsal portion of the sixth 
aortic arch disappears, but on the left side it forms the ductus arteriosus, which 
factions during intra-uterine life and becomes converted into the fibrous 
ligamentum arteriosum after birth. 

The nerves of the arches are derived from the hind-brain and at once enter 
the dorsal ends of their arches. Typically, they are mixed nerves ; their 
motor branches supply the ftiuscle of the corresponding arch and their sensory 
branches are distributed to the skin and mucous membrane derived from it. 
In fishes the nerves and their ganglia lie at the dorsal ends of the clefts, alid 
each sends a pretrematic branch into the arch on the cephalic side of its cleft 
and a post-trematic branch into the arch on its caudal side. In mammals, 
although both may be distinguished in the first arch, only one nerve can be 
identified with certainty in the second, third, fourth and sixth arches, while 
the nerve of the fifth arch is unknown and may have disappeared. 

The mandibular division of the trigeminal nerve is the post-trematic nerve 
of the first arch, and the chorda tympani is its pretrematic nerve.f The facial 
supplies the second arch, the glossopharyngeal the third, the superior laryngeal 
nerve the fourth, and the recurrent laryngeal nerve the sixth. In lower animals 
the nerve to the fifth arch is a branch of the vagus. 

The difference in the behaviour of the recurrent laryngeal nerves on the two 
sides of the body in the adult can be understood on reference to the history of 
the aortic arches. The nerve enters the arch caudal to the sixth aortic arch. 
It retains this position on the left side of the body, and in the adult is found on 


* J. Ernest Frazer, Journal of Anatomy, Oct. 1926. 
f Professor Frazer does not regard the chorda tympani 
reasons explained in his Manual of Embryology, p. 242. 


as a pretrematic nerve, for 
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the left side of (i.e. caudal to) the ligamentum arteriosum. On the right side, 
however, owing to the disappearance of the dorsal part of the sixth aortic arch 
and of the whole of the fifth aortic arch, the nerve is found on the caudal aspect 
•of the subclavian artery, i.e. the fourth aortic arch. 

The skeletal element of the first arch is termed MeckeVs cartilage. It extends 
from the basal aspect of the developing auditory capsule into the mandibular 
arch, and, ventraUy, it turns upwards in contact with its fellow of the opposite 
side (fig. 116). The dorsal end of the cartilage becomes separated and forms 
the incus and the malleus^ including its anterior process. The completion of the 


Fio. 130. — scheme of the aortic arches and their transformations. 
(After Congdon.) 


External carotid artery 



skull severs the continuity of the cartilage, but the sphenormndihular ligament 
is derived from it. The succeeding portion of the cartilage partly disappears 
and partly is incorporated in the mandible, which develops as a membrane 
bone on its lateral aspect. The ventral ends of the two cartilages persist in the 
symphysis menti for a time, and are probably responsible for the formation 
of the mental ossicles (p. 282). 

The cartilage of the second arch also extends from the auditory capsule 
to the mid- ventral line. Its dorsal end becomes separated and enclosed in the 
tympanic cavity, forming the stapes. Thereafter the cartilage is represented 
in the adult by the styloid process, the stylohyoid ligament, the lesser cornu and 
the upper part of the body of the hyoid bone (fig 131). 

The cartilage of the third arch loses its connexion with the cerebral capsule, 
but its ventral portion persists as the greater cornu of the hyoid bone and the 
lower part of its body. According to Frazer, the body of the hyoid bone chondri- 
fies in the base of the hypobranchial eminence and belongs to the third arch 
only, its connexion with the skeletal element of the second arch being acquired 
secondarily. 

The cartilages of the fourth, fifth and sixth arches all lose their connexion 
with the cerebral capsule, but their ventral portions persist and take part in 
the formation of the cartilages of the larynx. The thyroid cartilage is formed 
from the fourth and, probably, the fifth ; the epiglottis develops in the fourth 
arch, but it is very doubtful whether the skeletal element of this arch con- 
tributes to its formation. The arytenoids are derived from the skeletal elements 
of the sixth arches. The origin of the cricoid is uncertain. Most authorities 
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regard it as a modified tracheal ring which has become included in the larynx, 
but Fawcett * believes that it is derived from the skeletal element of the fifth 
arch and Frazer refers it to the sixth arch. 

The muscle mass of the mandibular arch forms the tensor tymjpani, the* 
tensor palati and the muscles of mastication, including the mylo-hyoid and the 
anterior beUy of the digastric (all supplied by the mandibular nerve). The 
tensor tympani retains its attachment to the skeletal element of the arch, but 
the muscles of mastication transfer their attachment to the mandible. The 
muscles of the hyoid arch for the most part migrate widely from their original 
position, but they retain their nerve-supply from the facial nerve. The 
stapedius, the stylo-Jiyoid and the posterior belly of the digastric muscle retain 
their attachment to the skeletal element of the arch, but the muscles of facial 

Fia. 131. — ^The head and neck of a human embryo, eighteen weeks old, with 
Meckel’s cartilage and the hyoid bar exposed: (After Kolliker.) 



expression, the platysma, the auricular muscles and the occipito-frontalis {epi~ 
cranius) lose all connexion with it. Their migration is facilitated by the 
obliteration of the first cleft and pouch in their ventral parts. 

The muscle masses of the remaining arches form the muscles of the pharynx, 
soft palate and larynx. The stylo-pharyngeus can be attributed definitely to 
the third, the cricothyroid to the fourth and the remaining laryngeal muscles 
to the sixth arch, but the precise origin of the constrictor muscles and the 
muscles of the soft palate is uncertain. 

Entodermal derivatives. — ^The description of the entodermal derivatives of 
the visceral arches and pharyngeal pouches is equivalent to the description 
of the development of the mouth, pharynx and larynx, and will therefore be 
considered later (p. 162). 


THE LOCOMOTOR APPARATUS 

The limbs. — ^In the fifth week the limbs appear as small elevations or buds 
from a slight lateral ridge at either side of the trunk (figs. 266, 257). Prolong- 
ations from several primitive segments extend into each bud, and carry with 
them the anterior primary rami of the corresponding spinal nerves ; the nerves 
supplying the limbs indicate the number of primitive segments which contribute 
to their formation — ^the upper limb being derived from seven, viz. fourth cervical 
to second thoracic inclusive, and the lower limb from ten, viz. twelfth thoracic 

* Professor E. Fawcett. Proceedings of the Anatomical Society of Great Britain and 
Ireland, 1916. 
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to fourth sacral inclusive. The axial part of the mesenchyme of the limb-bud 
condenses and is converted into its cartilaginous skeleton, and by the ossification 
of this the bones of the limbs are formed. The musculature of the limbs is 
developed in situ from the mesoderm which surrounds the developing skeletal 
elements, and such muscles as the latissimus dorsi, which possess an extensive 
attachment to the axial skeleton in the adult, 
gain that attachment secondarily during intra- 
uterine life, as the result of active migration. 

The limbs are at first directed tailwards nearly 
parallel to the long axis of the trunk (fig. 133) ; 
by the end of the sixth week their long axes 
are at right angles to that of the trunk, and 
the three chief divisions of each limb are 
marked olf by furrows — arm, forearm, and 
hand in the upper limb ; thigh, leg, and foot 
in the lower (fig. 134) . The iutxivQ flexor surface 
of the limb is directed ventrally ; the extensor 
surface, dorsally ; one border (the pre-axial) 
looks towards the cephalic end of the embryo, 
and the other (the post-axial) towards the 
caudal end. The lateral epicondyle of the 
humerus, the radius, and the thumb lie along 
the preaxial border of the upper limb ; the 

medial epicondyle of the femur, the tibia, and the big toe along the correspond- 
ing border of the lower limb. The limbs next become adducted and flexed on 
the trunk and, during this process, they undergo a rotation or torsion through 
an angle of 90° around their long axes, the upper limb being rotated in a lateral 
and the lower limb in a medial direction. As a consequence of this rotation 
the pre-axial (radial) border of the fore-limb is directed laterally, and the pre- 
axial (tibial) border of the hind-limb medially ; thus the flexor surface of the 
fore-limb is turned forwards, and that of the hind-limb backwards. The pre- 

Fia. 133. — A human embryo about 9 mm. long. (Drawn from a 
stereoscopic photograph.) 


Fio. 132. — ^Diagram indicating 
the segments concerned with 
the formation of the upper 
limb-bud. 




axial part is derived from the cephalic primitive segments, the post-axial from 
the caudal primitive segments of the limb-bud ; and this explains, to a large 
extent, the cutaneous innervation of the adult limb, the nerves of the higher 
segments being distributed along the pre-axial (radial or tibial), and those 
of the lower segments along the post-axial (ulnar or fibular) border of the 
limb. 

Throughout the development of the limbs the upper limb is always a little 
in advance of the lower limb. The foot and hand resemble each other closely 
at first, each being represented by a plate-like enlargement at the extremity of 
the bud. The mesenchymal core of the peripheral part of the plate becomes 
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condensed to outline the digits, and the thinner, intervening areas break down 
from the circumference towards the centre. This process may be carried out 
incompletely or it may be prematurely arrested, and in such cases varying 
degrees of webbing of the fingers or toes are present at birth. 

The ossification of the limb-bones is described along with the description of 
the individual bones. 

The joints. — The mesenchyme from which the different parts of the skeleton 
are formed shows no differentiation at first into masses corresponding with the 
individual bones ; thus, continuous cores of mesenchyme form the axes of 
the limb-buds and a continuous column of mesenchyme the future vertebral 
column. The first indications of the differentiation of the bones and joints are 
circumscribed condensations of the mesenchyme ; these condensed parts become 
chondrified and finally ossified to form the bones of the skeleton. The inter- 

Fig. 134. — human embryo about 16 mm. long. (Drawn from a 
stereoscopic photograph.) 
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vening non-condensed portions consist at first of undifferentiated mesenchyme, 
which may be converted into fibrous tissue as in the case of the skull bones, a 
fibrous joint being the result ; or it may become partly fibrocartilaginous, 
in which case a cartilaginous joint is formed ; or it may become looser in 
texture, a cavity ultimately appearing in its midst, while the cells lining the 
sides of this cavity form a synovial stratum, and thus a s 5 movial joint is 
developed ; in some synovial joints portions of the mesenchyme persist and 
form articular discs. 

The tissue surrounding the original mesenchymal core forms fibrous sheaths 
for the developing bones (perichondrium and periosteum) which are continued 
between the ends of the bones over the synovial strata as the capsular ligaments * 
of the jomts. These capsules are not of uniform thickness, and specially 
strengthened bands — ^the precursors of ligament — can be recognised in them. 
This, however, is not the only method of formation of ligaments. In some 
cases by modification of, or derivation from, the tendons surrounding the joint, 
additional ligamentous bands are provided to strengthen the articulations. 

The muscles. — ^With the exception of certain muscles of the head and neck 
which are developed from the mesodermal cores of the visceral arches (p. 100), 
and the muscles of the limbs, which develop in situ from the mesoderm of the 
limb-buds (p. 101), all the voluntary muscles of the body are derived from the 
myotomes (p. 65). Typically, each myotome divides into a dorsal and a 
ventral portion. The former takes up its position on the dorsilateral aspect 
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of the vertebral column and is innervated by the posterior primary ramus of 
the corresponding spinal nerve ; the cells of the latter migrate ventrally into 
the body wall or somatopleure and are innervated by the corresponding anterior 
primary ramus. In fishes these two primary subdivisions of the myotomes are 
separated from each other by the transverse processes of the vertebrae and a 
fibrous septum which extends from them to the lateral line. The pre-muscle 
masses, derived from the myotomes, may split longitudinally or tangentially, 
and the portions so derived may remain separate, e.g. the intercostal muscles, 
or they may fuse with the corresponding portions of adjoining myotomes, 
e.g. the external and internal oblique muscles and the transversus. In mam- 
mals the derivatives of the ventral portions of the myotomes may subsequently 
migrate so as to cover derivatives of the dorsal portions, but, as their nerve 
supply is determined at a very early stage, they carry their nerves with them 
as they migrate. As a result such muscles as the serratus posterior, superior 
and inferior, which are attached to the vertebral spines and cover the sacro- 
spinalis, are supplied by anterior primary rami because they have been derived 
from the ventral portions of certain myotomes and have secondarily acquired 
their adult position and vertebral attachment. Numerous examples could be 
cited, but those already given will suffice to suggest others. 

The muscles of the orbit and the muscles of the tongue require special 
mention. The hypoglossal nerve, as will be pointed out later, (p. 1031), is a 
compound nerve and is serially homologous with the anterior nerve roots of the 
spinal nerves. Its inclusion within the skuU is secondary. The myotomes 
of the corresponding somites, probably four in number, migrate from their 
original site into the tongue, carrying their nerve supply with them. 

No mesodermic somites have yet been observed in the head region of the 
human embryo, but, on the evidence of comparative anatomy, it seems probable 
that a large number of somites, seven or more, originally developed in this 
situation. Of the corresponding myotomes, however, portions of only three 
persist, and they form the muscles supphed by the oculomotor, trochlear and 
abducent nerves. 

In man and the higher vertebrates many of the derivatives of the myotomes 
degenerate and some disappear entirely. Others are converted into fibrous 
tissue, which may take the form of aponeuroses (e.g. the aponeuroses of the 
abdominal muscles) or ligaments (e.g. the sacrotuberous ligament). 

The involuntary muscles are derived from the mesoderm of the splanchno- 
pleure and develop in situ. 


THE SKIN AND ITS APPENDAGES 

The epidermis, hairs, nails, sebaceous and sudoriferous glands are developed from the 
ectoderm, the corium or true a kin from the mesoderm. The ectoderm at first consists of a 
single stratum of cells, but in the sixth week two strata can be recognised, a superficial, 
named the ejpitrichium, consisting of fiat cells, the nuclei of which stain readily, and a deep, 
named the stratum germinativum, consisting at first of cubical cells, but later of columnar. 
By multiphcation and differentiation of the cells of the stratum germinativum the different 
layers of the epidermis are developed. Towards the end of the third month the mesoderm 
condenses to form the corium, and at about the same time the subcutaneous areolar tissue 
is differentiated ; in the fourth month the dermal papillse begin to make their appearance. 
A considerable desquamation of the epidermis takes place, and this desquamated epidermis, 
mixed with sebaceous secretion, constitutes the vemix caseosa, with which the skin is 
smeared during the last three months of foetal life. 

The hairs (fig. 135) originate as thickenings of the epidermis which grow obliquely down- 
wards as solid buds into the corium, each bud consisting of an outer stratum of columnar 
cells and a core of polygonal cells. The deep end of each bud expands to form the hair-bulb, 
which is moulded over a papilla of condensed mesoderm. The cells of the hair-bulb proli- 
ferate and form a cone of cells, from which the scapus or shaft of the hair and its inner sheath 
are developed ; the hairs gradually lengthen by growth at the hair-bulb, and ultimately 
project on the surface. 

The sebaceous glands originate as lateral outgrowths from the sides of the hair-buds, and, 
pushing their way into the mesenchyme, divide into three or four oval or flask-shaped 
alveoli, the lining cells of which are derived from the stratum germinativum. 

The rudiments of the sudoriferous or sweat glands make their appearance on the palms 
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Fia. 135. — Successive stages in the 
development of a hair. 
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of the hands and soles of the feet in the fourth month, and closely resemble the rudiments 
of the hairs, each beginning as a solid downgrowth of the ectoderm. The ectodermal 
downgrowth lengthens, and its deeper part coils on itself and forms the body of the gland. 
A lumen is developed in the downgrowth about the seventh month of intra-uterine life, and 
opens bn the surface by a duct which is lined with two layers of cells. In the secreting 
part of the gland the outer layer of cells is modified to form a stratum of smooth muscle - 

fibres which lies between the epithelium of the 
gland and the basement-membrane. Many sudori- 
ferous glands arise as ectodermal downgrowths 
from the superficial portions of the hair-folltcles 
and later acquire independent openings on the 
surface of the skin. 

The rudiments of the nails can be seen in 
embryos of about 4*5 cm. in length, and appear 
as primary nail-fields of ectoderm on the dorsal 
surfaces of the distal phalanges of the digits. At 
the proximal end and sides of each nail-field the 
epidermis is invaginated to form the nail-folds, 
while the distal end, which will ultimately form 
the free end of the nail, is bounded by a shallow 
groove. The nail is developed from the posterior 
nail-fold and consists of modified stratum lucidum. 
The stratum corneum covers the nail and forma the 
eponychium ; this disappears from the surface of 
the nail, with the exception of a narrow fold 
which overlaps the proximal part of the lunule. 

The mammary gland may be looked upon 
as a collection of greatly modified sudoriferous 
glands ; the epithelial lim*ng of its ducts and 
alveoli is derived from the ectoderm, its 
supporting connective tissue from the mesen- 
chyme. On each side of the ventral surface 
of young embryos a thickened band of 
ectoderm, termed the milhridge, extends 
obliquely from the axilla to the inguinal 
region, and in some of the lower mammals 
mammae are developed at intervals along this 
ridge ; in man, no definite ridge is found, 
and only one mamma, as a rule, is de- 
veloped on each side of the median plane, 
but supernumerary mammae or nipples are 
sometimes found above or below the fully 
developed gland. 

The rudiment of the mammary gland 
appears as a thickening and subsequent in- 
growth of the ectoderm ; from this ingrowth 
fifteen or twenty solid cords branch off, 
each cord representing a future lactiferous 
tubule and lobe of the gland. The deep 
ends of the cords subdivide in the mesen- 
chyme and form the alveoli of the gland. 
The region where the ectodermal thickening 
occurred is subsequently raised to form the 
nipple, and about the time of birth the tubules and alveoli become canalised. 
At the age of puberty, and in a greater degree towards the end of pregnancy, 
a marked enlargement of the gland, and a development of additional lobules 
and alveoli, take place. 
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THE DEVELOPMENT OF THE NERVOUS SYSTEM iiMD 
SENSE-ORGANS 

The appearance of the medullary plate and its further differentiation into 
a median nemal groove limited on each side by neural folds which fuse with 
eadi other duiung the fourth week to form a neural tube, have already been 
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described (p. 60). The cephalic end of the neural tube develops into the brain 
and its ventricles, and the remainder of the tube forms the spmal cord and its 
central canal. 

The spinal cord. — ^At the time when the neural tube is closing the cells in 
the neural folds are proliferating so rapidly that their cell boundaries are lost, 
and they form a syncytium in which the nuclei are closely packed together. 
On the outside and on the inside of the tube the syncytium condenses to form 
an outer and an inner limiting membrane. As growth proceeds it becomes 
possible to distinguish an inner or ependymal layer, an intermediate or mantle 
layer, and an outer or marginal layer (fig. 136). The cells of the inner layer give 


Fig. 136. — A transverse section through the spinal cord of a human embryo 
four weeks old. (His.) 
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rise to cells which migrate into the mantle layer, and also to the ependymal 
ceUs which subsequently line the central canal. The cells of the intermediate 
or mantle layer are of two varieties, termed spongioblasts and neuroblasts. 
The former give origin to neuroglia and the latter to nerve cells. Increase in 
the number of cells in the mantle layer is brought about partly by the sub- 
division of its constituent cells and partly by the migration into it of cells 
derived from the ependymal layer. The outer or marginal layer consists of a 
non-nucleated protoplasmic syncytium and forms a framework for the various 
tracts by which it is subsequently invaded. The roof- and floor-plates of the 
neural tube remain thin, and their cells only contribute to the formation of 
ependyma. 

The nerve-cells are large and, at first, round or oval in shape. Soon they 
become pear-shaped, and the narrow end of the cell becomes drawn out to form 
the axis cylinder process or axon. These cells are therefore primarily unipolar, 
but further differentiation leads to the development of dendritic processes, and 
they become typical multipolar nerve-cells. In the developing spinal cord the 
nerve-cells occur in small clusters, and two or more of them may be connected 
to one another by their apical processes. It is uncertain whether such groups 
represent nerve-cells undergoing rapid division, or whether the fusion of the 
developing axons is secondary. The former seems the more probable ex- 
planation. 

The spongioblasts are connected to one another by strands of the syncytium 
in which numerous branching fibrils develop, and as the nemoglia cells mature 
the syncytium becomes condensed around them so that they assume their 
characteristic spider-like appearance with multiple processes proceeding from 
each cell. 

At first the neural tube is oval in outline and its lumen is narrow and slit- 
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like (fig. 136). The lateral walls rapidly become thicker, but the roof -plate 
and the floor-plate remain thin and do not share in this cellular proliferation. 
As its lateral walls thicken the lumen widens in its dorsal part and presents a 
soniewhat lozenge-shaped appearance on cross-section (fig. 138, a). The widest 
part of the canal subdivides each lateral wall into a ventral or basal lamina 
and a dorsal or alar lamina. This separation is fundamental and indicates a 
functional difference, for the cells in the basal lamina become the motor cells of 
the anteiior and lateral grey columns, while the cells of the alar lamina form 
neurones on the afferent, sensory, pathways. The widening of the canal is 
due to the development of a longitudinal sulcus limitans on the inner wall on 
each side. At its caudal end the canal exhibits a fusiform dilatation which is 
known as the terminal ventricle. 

The cells of the ependymal layer are closely packed at this stage and tend 
to arrange themselves in radial columns. The cells of the mantle layer are 
more loosely arranged, and they increase in number at first in the region of the 
basal lamina. This enlargement outlines the anterior column of the grey 
matter and it causes a forward projection on each side of the median plane, the 
floor-plate remaining at the bottom of the shallow groove so produced. As 
growth proceeds, these enlargements, further increased by the development of 
the anterior white columns, encroach on the groove until it becomes converted 
into the slit-like anterior median fissure of the adult spinal cord (fig. 138, a 
and b). The axons of the nerve-ceUs in the anterior grey column traverse 
the marginal zone and emerge on the anterolateral aspect of the spinal cord as 
the anterior nerve roots. 

In the thoracic and upper lumbar regions the cells of the mantle layer in 
the dorsal part of the basal lamina outline a lateral column. The axons of its 
cells join the emerging anterior nerve roots and pass through white rami 
communicantes to the ganglia of the sympathetic trunk to be distributed to the 
viscera and blood-vessels. At the same time a lateral column is laid down in 
the mid-sacral region also, and gives origin to the parasympathetic fibres which 
form the pelvic splanchnic nerves (p. 1138). 

As the anterior and lateral grey columns assume their final form the cells in 
the ventral part of the ependymal layer gradually cease to proliferate, and the 
layer becomes reduced in thickness until it ultimately forms the single-layered 
ependyma. The posterior column is somewhat later in its development, and, 
as a result, the ependymal layer is for a time much thicker in the alar lamina 
than it is in the basal lamina. 

While the columns of grey matter are being defined, the dorsal portion of 
the central canal becomes narrow and sht-like, and its walls come into apposition 
and fuse with each other (fig. 138). In this way the central canal becomes 
considerably reduced in size and somewhat triangular in outline. 

About the end of the fourth week nerve-fibres appear in the marginal layer. 
The first to develop are the short intersegmental fibres from the neuroblasts in 
the mantle zone, and the fibres of the posterior roots of the spinal nerves which 
pass into the spinal cord from the cells of the spinal ganglia. By the sixth 
week the fibres of the posterior roots of the spinal nerves form a well-defined 
oval bundle in the peripheral part of the alar lamina ; this bundle increases in 
size, and spreading towards the median plane forms the rudiment of the posterior 
white column. As the posterior white columns increase in thickness, their 
opposed medial surfaces come into contact with each other, and the posterior 
median septum, which subsequently separates them, is neuroglial in origin. The 
long intersegmental fibres begin to appear about the third month, and the 
cerebrospinal fibres about the fifth month. All nerve-fibres are at first destitute 
of medullary sheaths, and different groups of fibres receive their sheaths at 
different times, e.g. the anterior and posterior nerve-roots are medullated about 
the fifth month, the cerebrospinal fibres after the ninth month. The source of 
the myelin is uncertain. . It has been regarded as a modification of the outer- 
most part of the axis cylinders and, in the case of the peripheral nerves, its 
formation has been attributed to the cells of the nucleated neurolemma sheaths. 
Recently, it has been suggested that the myelin has an extraneural origin and 
is derived from the blood-stream, being deposited round the axons in some 
manner unknown. 
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The cervical and lumbar enlargements appear simultaneously with the 
development of the limb-buds. 

In early foetal life the spinal cord occupies the entire length of the vertebral 
canal, and the spinal nerves pass outwards at right angles. After the embryo 

Fig 137. transverse section through the spinal cord of a human embryo at the 
beginnmg of the fourth week. (After His.) The left edge of the figure 
corresponds to the lining of the central canal. 
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has attained a length of 30 mm. the vertebral column begins to grow more 
rapidly than the spinal cord, which gradually assumes a higher position within 
the vertebral canal. The principal part of this upward migration occurs 
during the first half of intra-uterine life. By the twenty-fifth week of intra- 
uterine life the terminal ventricle of the spinal cord (p. 893) has ascended from 


Fig. 138. — Transverse sections through the spinal cord of a human embryo. 
A, about six weeks old. B, about three months old. (His.) 
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the level of the second coccygeal vertebra to that of the third lumbar vertebra, 
or a distance of nine segments, and there remain but two segments before the 
adult position is reached (Streeter *). As the migration upwards commences, 
the caudal end of the terminal ventricle, which has become adherent to the 
overlying ectoderm, remains in situ, and the walls of the ventricle and its 

* George L. Streeter, American Journal of Anatomy, vol. 25, 1919. 
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covering pia mater become drawn out to form a delicate filament, termed the 
filum terminale. The separated portion of the terminal ventricle persists for a 
time but it disappears as a rule before birth. It does, however, occasionally 
give rise to congenital cysts in the neighbourhood of the coccyx. 

The spinal nerves. — Each spinal nerve is attached to the spinal cord by an 
anterior root and a posterior root. 

The fibres of the anterior roots are formed by the axons of the neuroblasts 
which lie in the ventral and lateral parts of the mantle layer ; these axons pass 
out through the overlying marginal layer into the myotomes of the primitive 
segments, and are ultimate] v aggregated to form the anterior nerve-roots 
(fig. 138). 

The fibres of the posterior roots are developed from the cells of the spinal 
ganglia. Before the neural groove is closed to form the neural tube a ridge of 

ectodermal cells termed the gan- 
glion-ridge orneural crest (fig. 139) 
appears along the prominent mar- 
gin of each neural fold. When 
the folds meet in the median 
plane the two ganglion-ridges 
fuse and form a wedge-shaped 
area along the line of closure of 
the tube. Opposite the primi- 
tive segments the cells of this 
area proliferate rapidly to form 
a series of oval-shaped masses, 
which migrate for a short dis- 
tance in a lateral and ventral 
direction. From the ventral part 
of each mass a small portion 
is detached to form sympatho- 
chromafiin cells (p. 124), while 
the remainder is converted into 
a spinal ganglion. The spinal 
ganglia are arranged symmetri- 
cally at the sides of the neural 
tube and, except in the region of 
the tail, are equal in number to 
the primitive segments. The cells of the ganglia, like the cells of the mantle 
layer, are of two kinds, viz. spongioblasts and neuroblasts. The spongioblasts 
develop into the neuroglial cells of the ganglia, the nucleated capsules of the 
ganglion cells and the neurolemma sheaths of the spinal nerves. The neuro- 
blasts, at first round or oval in shape, soon assume the form of spindles the 
extremities of which gradually elongate into central and peripheral processes. 
The central processes grow into the wall of the neural tube, and constitute the 
fibres of the posterior nerve-roots, while the -peripheral processes grow forwards 
to mingle with the fibres of the anterior root in the spinal nerve. As develop- 
ment proceeds the original bipolar form of the cells in the spinal ganglia 
changes ; the two processes become approximated until they ultimately arise 
from a single stem in a T-shaped manner. The bipolar form is retained in the 
retina and in the ganglia of the auditory nerve. Some observers hold that the 
T -form is derived from the branching of a single process which grows out from 
the cell. 

The precise manner in which a motor nerve-cell establishes contact with its effector is 
still uncertam. On the whole, the balance of the evidence, both embryological and experi- 
mental, supports the view that the axon grows out from the body of the cell and finds its 
way to the effector, and that the processes of the sensory nerve-cells develop in the same 
way. , On the other hand, many embryologists maintain that, from the earliest stages of 
development, the ectodermal motor cells are in direct connexion with the mesodermal 
muscle cells by means of protoplasmic bridges and that this connexion, though it may 
undergo considerable lengthening, is never lost. Harrison ♦ has carried out a long series 

*11. G. Harrison, American Journal of Anatomy, 1906. 


Fig. 139. — Two stages in the development of 
the neural crest in the human embryo. 
(Lenhoss4k.) 
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of experiments, chiefly on amphibian larvae, which all tend to support the view that the 
axons grow out actively from the nerve-cells. The same observer and others have succeeded 
in culturing nerve-cells in vitro, and they have found that in the complete absence of other 
tissues the cells give rise to long processes which, so far as can be ascertained, are identical 
with axis cylinder processes. The opponents of this view depend mainly on histological 
observations. Graham Kerr * has traced back the development of the motor nerve -trunk 


Fig. 140. — A human embryo 10-2 mm. long, showing the peripheral nerves. 
(After a reconstruction by His.) (From Quain’s Elements of Anatomy, 
vol. i., Embryology.) 
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The abducent nerve is not labelled, but is seen passing forwards to the eye deep to the mandibular 

and maxillary nerves. 


in Lepidosiren paradoxa to a period in which it is represented by a bridge of soft granular 
protoplasm connecting the spinal cord and myotome at a stage when these structures are 
in close apposition. As the myotome is pushed outwards it remains connected with the 
spinal cord by the ever-lengthening strand of nerve, which soon loses its granular proto- 
plasmic character and assumes a fibrillated appearance. Cameron and Milligan f hold 
that in early embryonic Hfe the cell-elements of the sense-epithehum of the auditory vesicle 
are connected with those of the hind-brain by a continuous tract of nucleated protoplasm 

* J. Graham Kerr, Transactions of the Royal Society of Edinburgh, vol. xli. part i. 1903-4. 

f “ The development of the auditory nerve in vertebrates,” Journal of Anatomy and 
Physiology, vol. xliv. 
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(syncytium) which is never severed. This syncytium, at first undifferentiated, becomes 
fibrillated longitudinally to form a continuous tract of nerve-fibres (the future auditory 
nerve) uniting the sense-epithelium of the auditory organ with the hind-brain. 

Frances M. Ballantyne * believes that the posterior roots of the spinal nerves are simi- 
larly developed, the rudiments of the spinal ganglia being from the first connected to the 
spinal cord by protoplasmic bridges which are never severed, but become fibrillated and 
lengthen out as the embryo grows. 

The cells which form the neurolemma sheaths of the peripheral nerves have been 
ascribed to a variety of sources. Harrison f excised the neural crest in young amphibian 
larvse and discovered that the motor fibres derived from the corresponding portion of the 
neural tube developed as naked axons. Later, however, these fibres acquired a neurolemma 
V. ,; sheath, the constituent cells mi- 

grating from the wall of the neural 
tube. He came to the conclusion 
that the sheaths are ectodermal 
in origin, formed partly from the 
cells of the neural crest and partly 
from the cells of the neural tube. 


Fig. 141. — transverse section through the 
medulla oblongata of a human embryo,' 
10*2 mm. long. x32. (From Kollmann’s 
Entwickelungsgeschichte. ) 
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The brain, — Prior to the 
closure of the neural tube the 
neural folds become expanded 
considerably in the head region 
to outline the brain (fig. 79). 
Subsequent to its closure these 
expansions form the three 
primary cerebral vesicles (fig. 
144). These are marked off 
from each other by constric- 
tions, and are named the 
rhomhencephalonovMnd-brain, 
the mesencephalon or 7md- 
hrain, and the prosencephalon 
or fore-brain — the first being 
continuous with the spinal 
cord. As the result of the unequal growth of its different parts three flexures 
appear in the brain ; two of these flexures are concave ventrally and are 
associated with corresponding flexures of the head. The first is caused by the 
formation of the head fold. It appears in the region of the mid-brain, and is 
named the cephalic flexure (figs. 119, 140) ; the fore-brain bends in a ventral 
direction around the cephalic end of the notochord and fore-gut until its floor 
lies almost parallel with that of the hind-brain (fig. 140). The mid-brain is for 
a time the most prominent part of the brain, since its dorsal surface corresponds 
with the convexity of the flexure. The second bend appears at the junction 
of the hind-brain and spinal cord, and is termed the cervical flexure (fig. 140). 
It increases from the fifth week to the end of the seventh, when the hind-brain 
forms nearly a right angle with the spinal cord ; after the seventh week erection 
of the head takes place and the cervical flexure diminishes and disappears. 
The third bend is named the pontine flexure (fig. 144), because it is found in tlie 
region of the future pons. It differs from the other two in that (a) its convexity 
is forwards, and (6) it does not affect the head. 

The lateral walls of the hind-brain and mid-brain, like those of the spinal 
cord, are divided into dorsal or alar and ventral or basal laminin (fig. 142) by the 
upward continuation of the limiting sulci of the spinal cord. 

The rhombencephalon or hind-brain. — By the time the cephalic flexure 
appears, the hind- brain exceeds in length the combined lengths of the other two 
brain vesicles. At its cephalic end it exhibits a constriction termed the isthmus 
rhombencephali (fig. 144, Isthmus), which is best seen when the brain is viewed 
from the dorsal aspect. Ventrally it is separated from the dorsal wall of the 
primitive pharynx only by the notochord, the two dorsal aortae, and a small 


* “ The continuity of the vertebrate nervor^ system,” Transactions of the Royal Society 
of Edinburgh, vol, liii. p. 663, 1925. 

■f Ri. G. Harrison, Journal of Comparative Neurology, 1924. 
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amount of mesenchyme, and on each side it is closely related to the dorsal ends 
of the visceral arches (fig. 119). 

The formation of the pontine fiexure throws a strain on the thin, epithelial 
roof-plate, which becomes stretched and widened, the maximum increase in 
width corresponding to the region of maximum convexity, so that the outline 
of the roof-plate becomes rhomboidal in form. At the same time, the lateral 
walls fall outwards away from each other (fig. 142) and the cavity of the hind- 
brain, which subsequently forms the fourth ventricle, becomes flattened and 
somewhat triangular on cross-section. The pontine flexure becomes more 
and more acute until, at the end of the second month, the alar and basal laminae 
of its cephalic (metencephalon) and caudal (myelencephalon) slopes are opposed 

Fig. 142. — A transverse section through the medulla oblongata of a human 
embryo. (After His.) 
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to each other and, at the same time, the lateral angles of the cavity become 
drawn out to form the lateral recesses of the fourth ventricle. 

About the end of the fourth week, when the pontine flexure is beginning to 
be discernible, a series of six transverse grooves appears in the basal lamina 
of the hind-brain. These are termed the rJiomhio grooves and they bear a 
very definite relationship to the motor nuclei of certain of the cranial nerves. 
The first two overlie the nucleus of the trigeminal nerve ; the third overlies 
the nucleus of the facial nerve, the fourth that of the abducent nerve, the fifth 
that of the glossopharyngeal and the sixth that of the vagus nerve. These 
grooves, though transient, are constant in character but their significance is 
uncertain. They are probably associated with the appearance of the visceral 
arches, but the association of the fourth groove with the nucleus of the abducent 
nerve cannot be harmonised with this arrangement. 

The differentiation of the lateral walls of the hind-brain into basal and 
alar laminae has a similar significance to the corresponding differentiation in 
the lateral wall of the spinal cord, and ependymal, mantle and marginal layers 
are formed in the same way. The cells of the basal lamina are motor in 
function and they form three elongated, but interrupted, columns. The most 
ventral column is in line with the anterior grey column of the spinal cord and 
is destined for the supply of muscles which are myotomic in origin. It is 
represented in the caudal part of the hind-brain, where it forms the nucleus 
of the hypoglossal nerve, and it reappears at a higher level as the nucleus of 
the abducent nerve, both of which are termed somatic efferent nuclei. The 
intermediate column, which is only represented in the upper part of the spinal 
cord, is destined for the supply of the musculature derived from the branchial 
arches. It is interrupted also, but the lower part, which gives fibres to the 
eleventh, tenth and ninth cranial nerves, forms the elongated nucleus ambiguus. 
At higher levels this column gives origin to the motor nuclei of the facial and 
trigeminal nerves. These three nuclei are termed branchial (or special visceral) 
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efferent nuclei. The most dorsal column is represented in the spinal cord by 
the lateral grey column and, like it, is destined for the innervation of viscera. 
It is interrupted also, its large lower part forming the dorsal nucleus of the 
vagus and its higher part the upper and lower salivatory nuclei. These are 
termed splanchnic^ or general visceral, efferent nuclei. 

Similar interrupted columns are formed in connexion with the alar lamina 
and give ‘rise to general visceral afferent, special visceral afferent, general somatic 
afferent and special somatic afferent columns (fig. 143). These columns, like 
those of the basal lamina, are interrupted and broken up into nuclei, but, 
although they tend to, and may, retain their primitive position, in many 
instances they migrate from their site of origin — ^presumably in accordance with 
the principle of neurobiotaxis (p. 911). 


Fig. 143. — Diagram of a transverse section through the developing hind-brain to 
show the relative positions of the nuclei of the different varieties of nerve 
components. . 
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The caudal slope of the hind-brain constitutes the myelencephalon, which 
develops into the medulla oblongata. The nuclei of the ninth, tenth, eleventh 
and twelfth cranial nerves develop in the situations already indicated, and 
afferent fibres from the ganglia of the ninth and tenth nerves form an oval 
bundle in the marginal zone in the region of the alar lamina (fig. 142). The 
dorsal edge of the alar lamina throughout the rhombencephalon gives attach- 
ment to the thin expanded roof-plate and is termed the rhombic lip. As the 
walls of the rhombencephalon fall outwards, the rhombic lip forms a lateral 
edge (fig. 143) which becomes folded over the adjoining area (fig. 142). Accord- 
ing to the generally accepted view it later becomes adherent to this area, and 
the cells of the rhombic lip migrate actively into the marginal zone of the 
basal lamina. In this way the oval bundle of the tractus solitarius becomes 
buried beneath the surface. The cells which migrate from the rhombic lip are 
believed to give origin to the olivary and arcuate nuclei and the scattered grey 
matter of the formatio reticularis. While this migration is in progress the thin 
floor-plate is invaded by fibres which cross the median plane, and it becomes 
thickened to form the median raphe. 

The lower part of the myelencephalon takes no part in the formation of the 
fourth ventricle, and, in its development, it closely resembles the spinal cord. 
The large nuclei, gracilis and cuneatus, are derived from the alar lamina, and 
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their efferent arcuate fibres play a large part in the formation of the median 
raphe. 

About the fourth month the descending cerebrospinal fibres invade the 
ventral part of the medulla oblongata to form the pyramid and ascending 
fibres from the spinal cord^ together with olivocerebellar and arcuate fibres, 
form the inferior cerebellar peduncle (restiform body). 

The upper or headward slope of the hind-brain is termed the metencephalon 
and from it both the cerebellum and the pons are developed. Prior to the 
formation of the pontine flexure the alar laminae of the metencephalon are 
parallel with one another. Sub- 
sequent to its formation the 
roof-plate of the hind-brain be- 
comes rhomboidal and the alar 
laminae of the metencephalon lie 
obliquely, being close to one 
another at the headward end of 
the fourth ventricle, but widely 
separated in the region of its 
lateral angles. The accentua- 
tion of the pontine flexure ap- 
proximates the upper angle of 
the ventricle to the lower, and 
the alar laminae of the meten- 
cephalon now lie almost horizon- 
tally and in line with each other. 

While these changes are 
occurring the cells in the rhombic 
lip and dorsal part of the alar 
lamina of the metencephalon 
proliferate to form the rudiment 
of the cerebellum . Two rounded 
swellings are formed which, at 
first, project partly into the ven- 
tricle (fig. 146), and they form 
the rudimentary cerebellar 
hemispheres. The uppermost 
part of the roof of the meten- 
cephalon originally separates the 
two swellings, but it becomes 
invaded by cells which form the 
rudiment of the vermis. Frazer * regards these cells as derivatives both of the 
basal and of the alar laminae. At this stage the cerebellum forms a dumb-bell 
shaped swelling stretched across the upper part of the fourth ventricle (fig. 145), 
continuous above with the superior medullary velum, which has formed from the 
isthmus, and below with the epithelial roof of the myelencephalon. The subse- 
quent development of the cerebellum is described on p. 929. 

The remainder of the metencephalon gives origin to the pons, but very little 
is known of the individual stages in the transformation. Ependymal, mantle 
and marginal zones are formed in the usual way, and the nuclei of the fifth, 
sixth and seventh nerves develop in the mantle layer. It is probable that the 
grey matter of the formatio reticularis is derived from the basal lamina and 
that of the nuclei pontis from the alar lamina by the active migration of cells 
from the rhombic Hp. About the fourth month the pons is invaded by cerebro- 
pontine and cerebrospinal fibres, becomes proportionately thicker, and takes 
on its adult appearance. 

The region of the isthmus rhomhencephali undergoes a series of changes which 
are very difficult to interpret. As a result, the greater part of the region 
apparently becomes taken up into the caudal end of the mid-brain, only the 
roof-plate, in which the superior (anterior) medullary velum is formed, and 
the dorsal parts of the alar laminae, which become invaded by the fibres of the 

* jr. Ernest Frazer, Manual of Embryology, 1931. 


Fig. 144. — The brain of a human embryo about 
10*2 mm. long. Right lateral surface. (From 
a model by His.) 
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superior cerel:)ellar peduncles, remaining as recognisable derivatives in the 
adult. Frazer * believes that during the earher changes the cells of the basal 
lamina extend dorsally until they meet in the roof-plate, and intervene between 
the alar lamina and the interior of the tube. In this way he provides an explana- 


Fig. 146. — The cerebellum of a foetus in the fifth month. (From Kollmann’s 
Entwickelungsgeschichte. ) 
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tion for the dorsal position of the superficial origin of the fourth nerves, which, 
although apparently emerging from the dorsal aspect of the isthmus, are in 
reality emerging from its morphological floor.f It should be noted, too, that 
originally the decussation of the two fourth nerves is placed on the hind-brain 
side of the isthmus, but as the growth changes occur it is displaced in a head- 
ward direction until it reaches its adult position. The same author considers 
that these changes are also responsible (1) for the movement in the same 

direction of the nucleus of the 
fourth nerve, whereby it comes 
to lie in the mid-brain, and (2) 
for the position of the mesen- 
cephalic nucleus of the fifth 
nerve, which is also a derivative 
of the isthmus rhombencephali. 
(See footnote on p. 945.) 

The mesencephalon or mid- 
brain (figs. 140, 144, 146, and 147 
to 151) exists for a time as a thin- 
w'alled tube enclosing a cavity of 
some size, and is separated by 
slight constrictions from the 
isthmus and from the fore-brain. 
Its cavity becomes relatively re- 
duced in diameter, and in the 
adult brain it forms the aqueduct 
of the mid-brain. The basal 
laminae of the mid-brain in- 
crease in thickness to form the 
cerebral peduncles, which are at 
first of small size, but enlarge 
rapidly after the fourth month, 
when their fibre-tracts begin to 
appear in tJie marginal zone. The cells of the basal lamina give origin to the 
nucleus of the oculomotor nerve and to the grey matter of the tegmentum, while 
the nucleus of the trochlear nerve and the mesencephalic nucleus of the trigem- 
inal nerve migrate headwards into the mid-brain owing to the developmental 
changes which occur in the isthmus rhombencephali. The cells of the dorsal 

* J. Ernest Frazer, Journal of Anatomy, Oct. 1928, and loc. cit. 

t Those who hold that the sulcus limitans is continued into the mid-brain, and has the 
same morphological value there as it has in the hind-brain and spinal cord, find it difficult 
to accept this explanation for the mode of behaviour of the trochlear nerves. 


Fig. 146. — The hind-brain of a human embryo 
about three months old. Viewed from behind 
and partly from the right side. (From a 
model by His.) 
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part of the alar laminae proliferate and invade the roof-plate, which therefore 
becomes thickened and is later divided into corpora higemina by a median 
groove. At its caudal end this groove becomes a median ridge, which persists 
in the adult as the frenulum veli. The corpora bigemina are later subdivided 
into corpora quadrigemina by a transverse furrow. The origin of the red 
nucleus, which is clearly defined at the end of the third month, is uncertain, 
but it is, ofi the analogy of the olivary nuclei of the medulla oblongata, 
formed probably by cells of the alar lamina which migrate in a ventrimedial 
direction. 

The prosencephalon or fore-brain. — ^A transverse section through the early 
fore-brain shows the same parts as are displayed in similar sections of the spinal 
cord and medulla oblongata, 
viz. a pair of thick lateral walls 
connected by thin floor- and roof- 
plates. Moreover, each lateral 
wall is divided into a dorsal area 
and a ventral area separated 
internally by a furrow termed 
the hypothalamic sulcus. This 
sulcus ends anteriorly at the 
medial end of the optic stalk, 
and in the adult brain is retained 
as a slight groove extending 
backwards from the interventri- 
cular teamen to the^^queduct 
of the mid-brain 

At a very early period — ^in 
some animals before the closure 
of the cephalic part of the neural 
tube — two lateral diverticula 
termed the optic vesicles appear, 
one on each side of the fore- 
brain ; for a time they com- 
municate with the cavity of the 
fore-brain by relatively wide 
openings. The distal parts of 
the optic vesicles expand, while 
the proximal parts are reduced 
to tubular stalks termed the optic 
stalks ; their further develop- 
ment is given on pp. 125 to 130. 

The fore-brain then grows forwards, and gives origin to two diverticula which 
rapidly expand to form two large pouches, one on each side. These diverticula 
subsequently form the cerebral hemispheres, and their contained cavities are 
the rudiments of the lateral ventricles ; they communicate with the median 
part of the fore-brain cavity by relatively wide openings which ultimately form 
the interventricular foramen. The anterior part of the roof-plate of the fore- 
brain consists of a thin sheet termed the lamina terminalis (figs. 147, 150), 
which stretches from the interventricular foramen to the recess at the base 
of the optic stalk. The anterior part of the fore-brain, including the rudi- 
ments of the cerebral hemispheres, is named the telencephalon, and the posterior 
portion the diencephalon ; both contribute to the formation of the third 
ventricle. 

The diencephalon. — The thalamus and the metathalamus are developed 
from the dorsal area of the diencephalon. The thalamus (figs. 147 to 153) arises 
as a thickening which involves the anterior part of the dorsal area. Caudal 
to the thalamus, the lateral and medial geniculate bodies, which constitute the 
metathalamus, are recognisable at first as surface depressions. As the thalami 
enlarge they gradually narrow the wide interval between them into a slit-like 
cavity which forms the greater part of the third ventricle. After a time these 
medial surfaces come into contact and become adherent to each other over a 
variable area, the connexion constituting the connexus intertTwdamicus [inter- 


Fig. 147, — ^The brain of a human embryo, about 
10*2 mm. long. (From a model by His.) 
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mediate mass). The backward growth of the thalamus excludes the geniculate 
bodies from the lateral wall of the third ventricle. 

At first the lateral aspect of the developing thalamus is separated from the 
medial aspect of the cerebral hemisphere by an extraneural cleft, but as growth 
proceeds the cleft becomes obliterated (p. 119) and the thalamus comes into 
intimate relationship with the corpus striatum. Later, with the development 
of the itinerant (projection) fibres of the neopallium, the thalamus becomes 
related to the internal capsule, which intervenes between it and the lateral part 
of the corpus striatum (lentiform nucleus). 

•Below (ventral) to the hypothalamic sulcus the lateral wall of the dien- 
cephalon forms a large 
Fia. 148. — The brain of a human embryo, 13*6 mm. long, part of the hypothalamus, 
Right lateral aspect; the roof of the hind-brain has including the lateral and 
been removed. (From a model by Hie.) posterior hypothalamic 

Trigonum habermlcs nuclei. 

The epithalamus, which 
includes the pineal body, 
the posterior commissure 
and the trigonum habe- 
nulae, develops in associa- 
tion with the caudal part 
of the roof-plate and the 
adjoining portions of the 
lateral walls of the dien- 
cephalon. The pineal body 
arises as a hollow outgrowth 
from the roof-plate, im- 
mediately in front of the 
mesencephalon. Its distal 
portion becomes solid, but 
its proximal portion, or 
stalk, remains hollow, con- 
taining the recessus pinealis 
of the third ventricle. In 
many reptiles the pineal 
outgrowth is double. The 
anterior outgrowth (para- 
pineal organ) develops into 
the pineal eye (p. 962) 
while the posterior outgrowth is glandular in character. It is the posterior 
outgrowth which is homologous with the pineal body in man. The anterior 
outgrowth also develops in the human embryo, but it very soon disappears 
entirely. 

The posterior commissure is formed by fibres which invade the lower wall 
of the pineal recess from both sides. 

The nucleus habenulae, which is the most important constituent of the 
trigonum habenulae, is formed from the lateral wall of the diencephalon and is 
at first in close relationship with the geniculate bodies, from which it becomes 
separated by the backward growth of the thalamus. 

The roof-plate of the diencephalon, in front of the pineal body, remains 
thin and epithelial in character, and is subsequently invaginated by the choroid 
plexuses of the third ventricle. Prior to the development of the corpus callosum 
and the fornix it lies at the bottom of the longitudinal fissure, which separates 
the two cerebral hemispheres from each other. 

The floor of the diencephalon takes part in the formation of the hypo- 
thalamus, including the corpora mamillaria, the tuber cinereum and the in- 
fundibulum of the hypophysis cerebri. 

The corpora mamillaria arise as a single thickening which becomes divided 
by a median furrow during the third month. Anterior to the corpora mamillaria 
the tuber cinereum develops as a cellular proliferation which extends forwards 
as far as the infundibulum. 

In front of the tuber cinereum the floor of the diencephalon gives origin to 
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a wide-mouthed diverticulum, which grows downwards and comes into relation- 
ship with the posterior aspect of Rathke’s pouch (p. 166). These two ecto- 
dermal diverticula, the one derived from the floor of the neural tube and the 
other from the roof of the stomodoeum, together form the hypophysis cerebri 
(fig. 209, p. 166). The upper end of the neural outgrowth persists as the infundib- 
ular recess of the third ventricle. 

The optic vesicles, which are described with the development of the eye 
(p. 125), are derived from the lateral wall of the prosencephalon before the 
telencephalon can be identified. They are usually regarded as derivatives of 
the diencephalon, and the optic 

chiasma indicates the boundary Fig. 149. — Dorsal view of the prosencephalon 
between the di- and the telence- 
phalon. 

The telencephalon consists of a 
median portion and two lateral 
diverticula. The median portion 
forms the anterior part of the 
cavity of the third ventricle, and 
is closed below and in front by 
the lamina terminalis. The lateral 
diverticula consist of outward 
pouchings of the lateral walls of 
the prosencephalon, which may 
correspond to the alar laminae, 
although this is uncertain ; the 
cavities represent the future 
lateral ventricles, and their walls 
the nervous matter of the cerebral 
hemispheres. The roof-plate of 
the median part of the telence- 
phalon remains thin, and is con- 
tinuous behind with the roof-plate 
of the diencephalon. In the floor- P 
plate and the lateral walls of the 
prosencephalon ventral to the 
primitive interventricular fora- 
men the anterior part of the hypo- 
thalamus is developed ; this in- 
cludes the optic chiasma and 
the optic recess. The optic 
chiasma is formed by the meeting and partial decussation of the optic nerves 
which subsequently grow backwards as the optic tracts and end in the 
diencephalon and mid-brain. 

The cerebral hemispheres arise as diverticula of the lateral walls of the 
telencephalon, with which they remain in continuity around the upper, anterior 
and lower margins of the large, interventricular foramen. At the posterior 
margin of the foramen the wall of the hemisphere is continuous with the 
anterior part of the lateral wall of the diencephalon (fig. 147) ; as growth pro- 
ceeds the hemisphere enlarges forwards, upwards and backwards and acquires 
an oval outline, with medial and superolateral walls and a floor. As a result 
the medial surfaces are separated from each other by a cleft which subsequently 
becomes the longitudinal fissure. At this stage the floor of the cleft is formed 
by the epithelial roof-plate of the telencephalon, which is directly continuous 
posteriorly with the epithelial roof-plate of the diencephalon (fig! 151). 

The anterior pole of the oval hemisphere becomes the frontal pole, but, as 
the hemisphere enlarges, its original posterior pole is apparently carried down- 
wards and forwards to form the temporal pole and a new posterior pole becomes 
defined, which will persist as the occipital pole of the adult brain. The enormous 
expansion of the cerebral hemispheres is characteristic of the mammalia and 
especially of man, and in their subsequent growth they hide, successively, the 
diencephalon, the mesencephalon and the cerebellum. 

About the fourth week a longitudinal groove appears in the anteromedial 


>f a human embryo 13-6 mm. long (after His). 
Dbserve that the cerebral hemispheres are 
lust beginning to overlap the diencephalon. 
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part of the floor of the ventricle. This groove deepens and forms a hollow 
diverticulum connected to the hemisphere by a short stalk. The diverticulum 
becomes connected on its ventral or inferior surface to a ganglionic mass, the 
cells of which receive the afferent axons of the sensory cells of the olfactory 
plate. As the head increases in size the diverticulum grows forwards and, 
subsequently losing its cavity, becomes converted into the solid olfactory bulb. 
The forward growth of the bulb is accompanied by the elongation of its stalk, 
which forms the olfactory tract, and the portion of the floor of the hemisphere 
to which the tract is attached constitutes the piriform area. 

The pia mater which covers the epithelial roof of the third ventricle at this 
stage consists of loosely arranged mesenchyme. In the meshes of this tissue 
numerous blood-vessels develop, and on each side of the median plane these 

Fia. 150. — The brain of a human embryo 13*6 mm. long. Medial surface of right 
half. The roof of the hind-brain has been removed. (From a model by 
His.) 
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vessels subsequently invaginate the roof of the ventricle to form its choroid 
plexuses. ^ The lower part of the medial wall of the hemisphere, which immedi- 
ately adjoins the epithelial roof of the interventricular foramen and the anterior 
extremity of the diencephalon, remains epithelial in character while elsewhere 
the walls of the hemisphere are thickening to form the pallium. This thin part 
of the medial wall of the hemisphere is invaginated by vascular tissue, continu- 
ous in front with the choroid plexus of the third ventricle and constituting the 
choroid plexus of the lateral ventricle. This invagination occurs along* a line 
which passes upwards and backwards, parallel with the anterior and upper 
boundaries of the interventricular foramen, and the curved indentation of the 
ventricular wall is termed the choroidal fissure. 

At first growth proceeds more actively in the floor and the adjoining part of 
the lateral wall of the developing hemisphere, and an elevation is formed which 
encroaches on the cavity of the lateral ventricle. This elevation is the rudi- 
mentary corpus striatum i and it extends forwards to the floor of the inter- 
ventricular foramen where it is separated from the developing anterior end of 
the thalanaus only by a groove. Posteriorly the corpus striatum is, from 
the beginning, in close relationship to the temporal pole of the hemisphere 
and, when the occipital pole grows backwards and the general enlargement 
of the hemisphere carries the temporal pole downwards and forwards, it is con- 
tinued from the floor of the body of the ventricle into the roof of the inferior 
horn. 




THE DEVELOPMENT OF THE BRAIN 119 

As the hemisphere enlarges the posterior part of its medial surface overlaps 
and hides the lateral surface of the diencephalon (thalamic part), being separated 
from it by a narrow cleft occupied by vascular connective tissue. At this 
stage (end of second month) a transverse section made behind the interven- 
tricular foramen passes successively through : (1) the developing thalamus 
(2) the narrow cleft just mentioned, (3) the thin medial wall of the hemisphere, 
and (4) the cavity of the lateral ventricle with the corpus striatum in its floor 
and lateral wall (fig. 152, a). As the thalamus increases in extent it acquires a 
superior, in addition to its medial and lateral surfaces, and the lateral part of 
its superior surface fuses with the thin medial wall of the hemisphere, so that, 
in the adult, this part of the thalamus is covered with the ependyma of the 
lateral ventricle immediately below the choroidal fissure (fig. 152, b). As a 


Fig. 151.— The brain of a human embryo, about three months old. Medial 
surface of right half. (From a model by His.) 



result the corpus striatum is approximated to the thalamus and separated from 
it only by a deep groove, which becomes obliterated by increased growth along 
the line of contact. The lateral aspect of the thalamus is now in continuity 
with the medial aspect of the corpus striatum, so that a secondary union 
between the diencephalon and the telencephalon is effected over a wide area, 
providing a satisfactory and convenient route for the subsequent passage of 
itinerant (projection) fibres to and from the pallium. 

The pallial area which borders the interventricular foramen and lies outside 
the choroidal fissure constitutes the archipallium, and is associated with the 
reception, interpretation and association of olfactory impressions. It is the 
first part of the pallium to undergo differentiation, and at first it forms a 
continuous, almost circular strip on the medial and inferior aspects of the 
hemisphere, i.e. along the medial fringe of the pallium. Below and in front, 
where the stalk of the olfactory tract is attached, it constitutes the piriform area. 
The area outside the curve of the choroidal fissure constitutes the hippocampal 
formation (fig. 153). 

In this region the cells of the pallium proliferate, and the wall of the hemi- 
sphere thickens and produces an elevation which projects into the medial side 
of the ventricle. This elevation is the hippocampus. It appears first on the 
medial wall of the hemisphere above the area in front of the lamina terminahs 
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(preterminal area) and gradually extends backwards into the region of the 
temporal pole where it adjoins the piriform area. The marginal zone in the 
region of the hippocampus becomes invaded by nerve cells which form the 
dentate gyros. This structure is practically co-extensive with the hippocampus, 
and, like it, extends from the preterminal area backwards above the choroidal 
fissure and follows its curve downwards and forwards towards the temporal 
pole, where it runs into the piriform area. A shallow surface depression, which 
has been termed the hippocampal sulcus, grooves the medial surface of the 
hemisphere in the region of the hippocampal formation, but it is not responsible 
for the elevation which the hippocampus forms in the interior of the ventricle. 

The efferent fibres from the cells of the hippocampus collect along its medial 
edge and run forwards immediately above the choroidal fissure. Anteriorly 


Fig. 152. — Diagrams illustrating transverse sections across the developing thalamus 

and cerebral hemisphere. 
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In A the lateral aspect of the tlaalamus is separated from the medial aspect of the hemisphere by 
au interval containing vascular mesenchyme. 

In B this interval has disappeared ; the expanded upper surface of the thalamus is covered by the 
ependyma of the lateral ventricle ; and the approximation of the thalamus and the corpus striatum 
has provided a pathway for the itinerant (projection) fibres of the internal capsule. 


they turn downwards and enter the lateral part of the lamina terminalis in 
order to gain the hypothalamus, where they terminate in the corpus mamillare. 
These efferent, hippocampal fibres form the ^m6ha and the fornix. 

The development of the commissures effects a very profound alteration 
on the medial wall of the hemisphere. At the time of their appearance the 
two hemispheres are connected to each other by the median part of the 
telencephalon. The roof-plate of this area remains epithelial and non-nervous, 
while its floor becomes invaded by the fibres of the optic nerves. These two 
routes are not available for the passage of commissural fibres passing from 
hemisphere to hemisphere across the median plane, and these fibres are therefore 
compelled to pass through the anterior wall of the interventricular foramen, 
i.e. the lamina terminalis. The first commissures to develop are those associatecl 
with the rhinencephalon. Fibres of the olfactory tracts cross in the ventral 
or lower part of the lamina terminalis and constitute the anterior part of the 
anterior commissure. In addition the two hippocampi become connected to 
each other by transverse fibres which cross from fornix to fornix in the upper 
part of the lamina terminalis and give origin to the hippocampal commissure. 

The neopajlial commissures develop later and follow the pathways already 
established by the commissures of the rhinencephalon. Fibres coming from 
the tentorial surface of the hemisphere join the anterior commissure and con- 
stitute its larger, posterior part. All the other commissural fibres of the 
neopaUium associate themselves closely with the hippocampal commissure 
and lie on its dorsal surface. These fibres increase enormously in number, 
and the bundle rapidly outgrows its neighbours to form the corpus callosum 
(fig. 153). 
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The first fibres of the corpus callosum lie within the limits of the lamiTia. 
termiaaJis, but as the commissure increases in size it extends forwards and up- 
wards and then backwards far beyond those limits. Since the fibres which enter 
the commissure from the temporal, parietal and occipital regions outnumber 
those coming from the frontal region, the principal enlargement occurs in a 
backward direction. As the corpus callosum grows backwards it extends 
above the choroidal fissure, carrying the hippocampal commissure on its under 
surface. In this way a new floor is formed for the longitudinal fissure, and 
additional structurfes come to lie above the epithelial roof of the third ventricle. 
In its backward growth the corpus callosum invades the area hitherto occupied 


Fia. 153. — The brain of a human embryo, four months old. Medial surface of 
left half. (Marchand.) 
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by the upper part of the hippocampal formation, and the corresponding parts 
of the dentate gyrus (fig. 153) and hippocampus are reduced to mere vestiges, 
viz. the indusium griseum and the longitudinal striae. 

The lower parts of both the dentate gyrus and the hippocampus persist, 
for owing to the forward growth of the temporal lobe the brain stem presents 
an impassable barrier to further growth of the corpus callosum. 

The growth of the neopallium and. its enormous expansion is associated with 
the appearance of the itinerant (projection) fibres during the latter part of the 
third month. These fibres follow the pathway provided by the apposition of the 
lateral aspect of the thalamus with the medial aspect of the^ corpus striatum, 
and, as they do so, they divide the latter, almost completely, into a lateral part 
(the lentiform nucleus), and a medial part (the caudate nucleus), these two nuclei 
remaining unseparated only in their antero-inferior portions. 

At the end of the third month the lateral aspect of the cerebral hemisphere 
shows a slight depression above and in front of the temporal pole. This hollow 
corresponds to the site of the corpus striatum in the floor and lateral wall of 
the ventricle, and its presence is due to the more rapid growth of the adjoining 
pallial areas. This lateral cerebral fossa gradually becomes overlapped and 
submerged so that the fossa is converted into the lateral cerebral sulcus and its 
floor becomes the insula (fig. 154). The process, however, is not completed in 

its most anterior part until after birth. i i 

The growth changes in the temporal lobe which help to submerge the insula 
produce important changes in the rhinencephalon. The olfactory tract is 
continuous, on the one hand, with the medial olfactory gyrus, which turns 
upwards in front of the lamina terminalis, and, on the other han^ with the 
lateral olfactory gyrus, which is directly continuous with the piriform 
The forward growth of the temporal pole and the general expansion of the 
neopallium cause the lateral olfactory gyrus to bend laterally, the summit 
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Fig. 154. — The right cerebral hemisphere 
of a human embryo, about five months 
old. Lateral surface. 


FrorUoparietal operculum 


of the convexity lying at the antero-inferior corner of the developing insula 
(fig. 155). During the fourth and fiLfth months the piriform area becomes 
submerged by the adjoining neopallium, and in the adult only a part of it 

remains visible on the inferior aspect of 
the cerebrum. 

Apart from the shallow hippocampal 
sulcus and the lateral cerebral fossa the 
surfaces of the hemisphere remain smooth 
and uninterrupted until the beginning 
of the fourth month (fig. 154). The 
parieto-occipital sulcus appears about that 
time on the medial aspect of the hemi- 
sphere, and its appearance is due to the 
traction exerted by the splenial fibres of 
the corpus callosum. At about the same 
period the postcalcarine sulcus appears 
as a shallow groove extending forwards 
from the region of the occipital pole. It 
is a true infolding of the cortex and forms 
in the long axis of the striate area, pro- 
ducing at the same time an elevation 
named the calcar avis on the medial wall 
of the posterior horn of the ventricle. 

During the fifth month the sulcus 
cinguli appears on the medial aspect of 
the hemisphere, but it is not until the sixth month that sulci appear on the 
inferior and superolateral aspects. The central, precentral and postcentral 
sulci appear each in two parts, upper and lower, which usually coalesce shortly 
afterwards, although they may remain ununited. The superior and inferior 
frontal, the intraparietal, occipital, temporal and collateral sulci make their 
appearance during the same period, and by the end of the seventh month all 
the important sulci can be recognised. 
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Fig. 155. — The brain of an embryo at the beginning of the fourth month. 
Inferior surface. (KoUmann.) 
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If a section through the wall of the hemisphere about the sixth week be 
examined microscopically it is seen to consist of a thin marginal layer, an 
intermediate mantle layer and an inner, thick ependymal layer. It therefore 
resembles the spinal cord at the same stage. Thereafter, however, neuroblasts 
from the ependymal and mantle layers migrate into the deep part of the 
marginal layer and form the cells of the cerebral cortex in that situation. The 
differentiation of the cortex is described on p. 988. 
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At birth. th6 volume of the brain is approximately 25 per cent, of its volume 
in adult life. The greater part of the increase occurs during the first year of 
life, at the end of which the volume of the brain has increased to 75 per cent, of 
its adult volume. The growth can be accounted for partly by increase in the 
size of the nerve-cells in the cerebral blood-vessels, but it is the acquisition 
of their meduUated sheaths by the nerve fibres which is principally responsible 
for it. The great sensory pathways, visual, auditory and somatic, become 
meduUated first, and later the pyramidal fibres. During the second year and 
subsequent years growth proceeds much more slowly, and the brain attains 
its adult size by the seventeenth or eighteenth year. The continued growth 
is connected with the continued meduUation of nerve fibres. 

A summary of the parts derived from the cerebral vesicles is given in the 
following table : — 


1. Myelencephalon 


Rhombencephalon I 
or hind-brain 1 


2. Metencephalon 


3. Isthmus rhomb- 
encephali 


Mesencephalon or mid-brain 


/I. Diencephalon 


Prosencephalon or < 
fore-brain 


12. Telencephalon 


I VO/* 

I Lower part of fourth ventricle. 
fPons. 

J CerebeUum. 

Intermediate part of fourth 
ventricle. 

I Superior medullary velum. 

'I Superior cerebeUar peduncles. 
lUpper part of fourth ventricle. 


rCerebral peduncles. 

i Tectum (lamina quadrigemina). 

[Aqueduct. 

/-Thalamus. 

Metathalamus. 

Epithalamus. 

' Posterior part of hypothalamus. 
Posterior part of third 
. ventricle, 
r Anterior part of third 
ventricle. 

Anterior part of hypothalamus. 

' Cerebral hemispheres. 

Lateral ventricles. 
.Interventricular foramen. 


The cranial (cerebral) nerves. — ^With the exception of the olfactory and optic 
nerves, which will be considered separately, the cranial nerves are developed 
iii a similar manner to the spinal nerves. 

The fibres of the motor cranial nerves are the axons of cells in the basal 
lamina of the mid- and hind-brains, and pass outwards to their distribution, 
but whereas the motor fibres of the spinal nerves form one series, those of the 
cranial nerves form two, according as they are derived from the medial or 
lateral parts of the basal lamina. The first series comprises the oculomotor, 
trochlear, abducent and hypoglossal nerves ; the second comprises the accessory 
nerve, and the motor parts of the trigeminal, facial, glossopharyngeal and vagus 
nerves, all of which supply the striped muscles derived from the visceral arches. 

As the lips of the neural groove fuse with each other in the region of the 
hind-brain, a ganglion-crest is formed winch is homologous with the neural 
crest of the spinal cord. The ganglia of the vagus, glossopharyngeal, auditory 
(in part), facial and trigeminal nerves are derived from the ganglion- crest, 
but they migrate ventrally and soon come to lie on the ventrilateral aspect of 
the hind-brain. It is probable that the crest is not the sole source of origin 
of the cells in some of these ganglia. Thickened patches of ectoderm (epi- 
branchial placodes) which are developed at the dorsal ends of the branchial 
clefts probably contribute cells to the facial, glossopharyngeal and vagal 
ganglia, and the cells of the auditory vesicle are believed to make a substantial 
contribution to the formation of the ganglia on the auditory nerve. The central 
processes of the cells of these ganglia form the sensory roots of these nerves and 
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enter the alar lamina of the hind-brain, while their peripheral processes enter 
the nerves themselves. The incoming fibres from the facial, glossophar 5 mgeal 
and vagus nerves collect to form an oval bundle, termed the tractus solitarius 
(p. 112), on the lateral aspect of the myencephalon. This bundle is the homo- 
logue of the oval bundle of the spinal cord. 

The autonomic system. — The ganglion cells of the sympathetic system are 
derived from the neural crest through the medium of the primitive spinal 
ganglia. Certain of the cells in the ventral parts of these ganglia migrate 
towards the sides of the aorta, where they subsequently form the ganglia of 
the sympathetic trunks. Others migrate still further and eventually form the 
subsidiary S3nnpathetio ganglia (fig. 156). In the rabbit the original migration 
is limited to the thoracic and upper lumbar regions. Thereafter the chain 

grows headwards and tailwards 
until the whole trunk is laid 
down. The view has been 
advanced that the sympathetic 
ganglion cells are, at least in 
part, derived from cells which 
migrate from the basal lamina 
along the anterior nerve roots. 
The results of destruction of 
the neural crest in chick em- 
bryos and of excision of the , 
neural crest and portions of 
the neural tube in frog embryos 
have been somewhat contradic- 
tory in the hands of different 
investigators. On the whole 
the balance of the evidence 
favours the earlier view. 

The ganglion cells of the 
cranial part of the para- 
sympathetic system are probably 
derived from the ganglion crest 
through the medium of the 
primitive ganglia of the fifth, 
seventh, ninth and tenth cranial 
nerves. The ciliary ganglion is 
formed by cells which migrate 
from the trigeminal (semilunar) 
ganglion along the ophthalmic nerve, but it almost certainly is reinforced by 
cells migrating from the nucleus of the oculomotor nerve. The sphenopalatine 
ganglion receives contributions from the ganglia of the fifth and seventh nerves ; 
the otic from those of the fifth and ninth ; and the submandibular (submaxil- 
lary) from those of the fifth and seventh cranial nerves. 

The meninges. — ^The dura mater, which is always intimately related to skele- 
tal structures, is mesodermal in origin. The arachnoid mater and the pia mater, 
however, are more closely related to the brain and the spinal cord, and, although 
it is customary to regard them as mesodermal in origin, recent experimental 
work * is strongly suggestive of their derivation from the neural crest ecto- 
derm. Portions of the neural tube transplanted without the adjoining portion 
of the neural crest develop a covering of dura mater, but no fluid spaces, such 
as the subarachnoid space, are formed and no choroid plexus develops. If, 
however, the adjoining part of the neural crest is included in the graft, the 
transplant develops coverings of arachnoid mater and pia mater and sub- 
arachnoid and subdural spaces in addition to an outer covering of dura mater. 

The chromaffin organs. — The tissue firom which the sympathetic ganglia are 
formed is at first a syncytium of cells termed sympathochromaffin cells, but later 
two varieties of cells — small and large — ^are differentiated from it ; the small 
cells (sympathoblasts) are transformed into the sympathetic nerve- cells, the 
large become chromaffin cells, and, separating from the others, accumulate to 
* S. C. Harvey and H. S. Burr, Arch, of Neurology and Psychiatry, vol. xv., 1926. 
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form the chromaffin organs. In the trunk of the sympathetic the chromaffin 
bodies are situated m depressions in the ganglia ; the medulla of the suprarenal 
glands IS formed from the chromaffin cells (fig. 156). In connexion with 
certam, but not aU, of the secondary plexuses of the sympathetic system 
chromaffin organs are foimd ; the largest members of this series are the aortic 
bodies, which he along the sides of the abdominal aorta between the superior 
mesenteric and common iliac arteries ; to this group belong also the carotid 
gloniera (carotid bodies). After birth the aortic bodies and the chromafian 
bodies of the sympathetic ganglia degenerate and can no longer be isolated by 
gross dissection, but chromafSn tissue can be recognised with the microscope 
in the sites originally occupied by them. 

The suprarenal glands. Each suprarenal gland consists of a cortical portion 
derived from the coelomic epithelium and a medullary portion originally com- 
posed of sympathochromaffih tissue. The cortical portion is first recognisable 
about the beginning of the sixth week as a series of buds from the coelomic 
cells at the root of the mesentery. Later these buds are separated from the 
coelomic epithelium and form a suprarenal ridge projecting into the coelom 
between the mesonephros and the root of the mesentery. In the eighth week 
cells from the neighbouring masses of sympathochromaffin tissue migrate into 
this cortical portion along the line of its central vein and form the medullary 
portion of the gland. 

The nose.— The development of the nose has already been considered 
(pp. 92 to 97). 

The olfactory nerves are developed from the cells of that part of the ectoderm 
which lines the olfactory pits ; these cells undergo proliferation and give rise to 
what are termed the olfactory cells of the nose. The central processes of these 
cells are usually described as growing into the overlying olfactory bulb and 
forming the olfactory nerves. It has, however, been shown that the olfactory 
cells are from the first connected with the brain by a bridge of protoplasm 
which is never severed, and that the olfactory nerve fibres are developed in this 
bridge.* 

The eyes. — The rudiments of the eyes appear as a pair of hollow diverticula 
from the lateral aspects of the fore-brain.‘ These diverticula are visible before 
the closure of the anterior neuropore ; after its closure they are known as the 
o^tic vesicles. They project towards the sides of the head, and the distal part 
of each expands while the proximal part remains narrow and constitutes the 
optic stalk (figs. 157, 159). A small area of ectoderm overlying the optic 
vesicle becomes thickened and depressed in its centre. The depression deepens 
and its edges come together and fuse so as to enclose a hoUow vesicle (figs. 157, 
158) which soon loses its connexion with the surface ectoderm. This is the 
lens-vesicle, or rudiment of the lens. The outer wall of the optic vesicle increases 
in thickness and undergoes invagination so that the vesicle is converted into 
a cup, termed the optic cup, consisting of two strata of cells (fig. 158). These 
two strata are continuous with each other at the cup-margin, which ultimately 
overlaps the front of the lens and reaches as far forward as the future aperture 
of the pupil. The invagination is not limited to the outer wall of the vesicle, 
but involves also its caudal surface and extends in the form of a groove for 
some distance along the optic stalk, and thus, for a time, a wide gap, termed 
the choroidal fissure, exists in the caudal part of the cup (fig. 159). Through 
the groove and fissure mesenchyme extends into the optic stalk and cup, 
carrying the hyaloid artery with it ; as growth proceeds, the edges of the fissure 
become approximated and they close during the seventh week, including the 
artery in the distal portion of the stalk. Sometimes the choroidal fissure 
persists, and when this occurs the choroid and iris in the region of the fissure 
remain undeveloped, giving rise to the condition known as congenital coloboma 
of the choroid or iris. 

The retina is developed from the optic cup. The outer stratum of the cup 
persists as a single layer of cells, which assume a columnar shape, acquire pig- 
ment, and form the pigmented layer of the retina, the pigment first appearing 

* Consult (a) an article on “ The Cerebral Cortex in Lepidosiren,” by Grafton Elliot 
Smith, Anatomischer Anzeig&r, Band 33, p. 513, and (6) an article by Frances M. Ballantyne 
on “ The Continuity of the Vertebrate Nervous System,” Zoo. cit. 
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in the cells near the edge of the cup. The cells of the iimer stratum proliferate 
and form a layer of considerable thickness from which the nervous elements 
and the sustentacular fibres of the retina, together with a portion of the vitreous 
body, are developed. In the portion of the cup which overlaps the lens the 
inner stratum is not differentiated into nervous elements, but persists as a 


Fig. 157. — Section through the optic vesicle of a mole embryo, 3-6 mm. long. 



layer of columnar cells which, together with the corresponding part of the 
pigmented layer, form the pars ciliaris and pars iridica retincs. 

The cells of the inner layer of the cup proliferate and form an outer nuclear zone and an 
inner marginal zone, devoid of nuclei. At 12 mm. the cells of the nuclear zone invade the 
marginal zone, and at 17 mm. the nervous stratum of the retina consists of inner and outer 
neurohlastic layers, separated by a narrow fibre layer, which disappears as differentiation 
proceeds. The inner neurohlastic layer gives origin to the ganglion cells, the amacrine 


Fig. 168. — Section through the developing eye of a mole embryo, 6*5 mm. long. 



cells and the nuclei of the sustentacular fibres ; the outer neurohlastic layer gives origin to 
the horizontal cells, the bipolar nuclei and the nuclei of the rods and cones, which first 
appear in the central part of the retina. By the eighth month all the layers of the retina 
can be identified.* 

The optic stalk is converted into the optic nerve by the obliteration of its cavity and 
the growth of nerve-fibres into it. Most of these fibres are centripetal, and are the axons 
of the nerve-cells of the gangfionic layer of the retina, but a few are centrifugal and are 
derived from nerve-cells in the brain. The fibres of the optic nerve receive their meduUary 
sheaths about the tenth week after birth. The optic chiasma is formed by the meeting 
and partial decussation of the fibres of the two optic nerves, and it marks the junction of 
the telencephalon with the diencephalon in the floor of the third ventricle. Behind the 
chiasma the fibres are continued backwards as the optic tracts to the lateral geniculate 
bodies. ^ 

* Ida C. Maim, Journal of Anatomy, July, 1927. 
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The lens is developed from the lens- vesicle, which recedes within the margin 
of the cup, and becomes separated from the overlying ectoderm by mesenchyme. 
The cells forming the posterior wall of the vesicle lengthen and are converted 
into the lens-fibres, which grow into and fill the cavity of the vesicle (fig. 161). 
The cells forming the anterior wall retain their cellular character, and form 


Fig. 169. — The optic cup and the choroidal fissure of a human embryo, about 
five weeks old. Ventral aspect. (Kollmann.) 



Fig. 160. — A section through the eye of a rabbit embryo, about eighteen days 
old. x30. (KClliker.) 
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the epithelium on the anterior surface of the fully developed lens ; at the 
equator of the lens the gradual transition of the cells into lens-fibres can be 
seen. By the second month the lens is invested by a vascular rnesenchymal 
capsule termed the capsula vasculosa lentis, the ventral part of which, covering 
the lens, is named the pupillctTy me/wbrane ; the blood-vessels supplying the 
dorsal part of this Cjapsule are derived from the hyaloid artery ; those for the 
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ventral part from the anterior ciliary arteries. By the sixth month all the 
vessels of the capsule are atrophied except the hyaloid artery, which becomes 
occluded during the eighth month of intra-uterine life. Prior to this, during 
the fourth month, the hyaloid artery gives off retinal branches, and its proximal 
part persists in the adult as the central artery of the retina. The hyaloid canal, 
which gives passage to the artery through the vitreous, persists after the vessel 
has become occluded. In the newly-born child it extends more or less hori- 
zontally from the optic disc (papilla) to the posterior aspect of the lens but, 
when the adult eye is examined with the slit-lamp, it can be seen to follow a 


Fig. 161. — A sagittal section through the eye of a human embryo, about six weeks 

old. (Kolhnami.) 
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fissure and around the equator of the lens becomes intimately united with this reticular 
tissue, and contributes to the formation of the vitreous body, which is therefore derived 
partly from the ectoderm and partly from the mesoderm. 

The aqueous chamber of the eye appears as a cleft in that part of the mesenchyme . 
which intervenes between the lens and the ectoderm. The layer of mesenchyme ventral 
to the cleft forms the substantia propria of the cornea, that dorsal to the cleft the 
mesenchymal stroma of the iris and the pupillary membrane. 

The sclera and choroid are derived from the mesenchyme surrounding the 
optic cup, and the anterior part of the choroid is modified to form the ciliary 
body and ciliary processes. The fibres of the ciliaris muscle are derived from 
the mesoderm, but those of the sphincter and dilatator pupillae are of ectoder- 
mal origin, being developed from the cells of the pupiUary part of the optic 
cup. 

The eyelids are formed as small cutaneous folds (fig. 161). About the 
middle of the third month their edges come together and unite over the cornea ; 
they remain united until about the end of the sixth month. 

The epithelium of the alveoli and ducts of the lacrimal gland arise as a series 
of tubular buds from the ectoderm of the superior conjunctival fornix ; these 
buds are arranged in two groups, one forming the gland proper, and the other 
its palpebral process. « The lacrimal sac and nasolacrimal duct result from a 
thickening of the ectoderm in the ruiso-optic furrow between the lateral nasal 
and maxiUary processes (p. 93). This thickening forms a solid cord of cells 
which sinks into the mesenchyme ; during the third month the central cells of 
the cord break dovm, and a lumen — ^the nasolacrimal duct — ^is established. 
The lacrimal canaliculi arise as buds from the upper part of the cord of cells 
and secondarily establish openings (puncta lacrimalia) on the margins of the 
lids ; the inferior canaliculus cuts ofi a small part of the lower eyelid to form 
theoaruncula lacrimalis (Ask). The epithelium of the cornea and conjunctiva 
is of ectodermal origin, as are also the eyelashes and the lining cells of the 
tarsal and other glands which open on the margins of the eyelids. 

The ears. — ^The rudiments of the internal ears appear shortly after those 
of the eyes, as two patches of thickened, surface ectoderm, termed the auditory 
plates, which are situated in the region of the hind-brain. Each auditory plate 
is mvaginated and converted into an auditory pit (fig. 162). The mouth of the 
pit is then closed, and a vesicle, termed the auditory [otic) vesicle or otocyst, is 
formed (fig. 163) ; from it the epithelial lining of the membranous labyrinth 
is derived. The vesicle assumes a flask-shape, and the neck of the flask is 
obliterated (fig. 164). From the vesicle certain diverticula are given ofi which 
form the various parts of the membranous labyrinth. The first to appear 
springs from the middle part and forms the ductus and saccus endolymphaticus, 
A second, from the ventral end, elongates, and forms the coiled tube of the 
cochlear duct, the proximal or vestibular extremity of which is subsequently 
constricted to form the ductus reuniens. Before the rudiment of the cochlea can 
be identified, three diverticula appear as disc-like evagmations from the dorsal 
part of the vesicle ; the central parts of the walls of the discs coalesce and 
disappear, while the peripheral portions of the discs persist to form the 
semicircular ducts ; the superior duct is the first, and the lateral the last, to 
be completed (fig. 165). The central part of the vesicle represents the mem- 
branous vestibule, and is subdivided by a constriction into a smaller, ventral 
part termed the saccule, and a larger, dorsal part termed the utricle (fig. 166). 
This subdivision is effected by a fold which extends deeply into the proximal 
part of the ductus endolymphaticus, with the result that the utricle and saccule 
ultimately communicate with each other by means of a Y-shaped canal. The 
saccule opens into the cochlear duct, through the canaHs reuniens ; the semi- 
circular ducts communicate with the utricle. 

The mesenchyme surroimding the various parts of the epithelial labyrinth is converted ’ 
into a cartilaginous ear-capsule, and this is finally ossified to form the bony labyrinth of the 
internal ear. For a time the cartilaginous ear capsule is incomplete, and the cochlear, 
vestibular, and facial ganglia are situated in the gap between its canahoular and cochlear 
parts. These ganglia are soon covered by an outgrowth of cartilage and at the same 
time the facial nerve is bridged by a growth of cartilage from the cochlear to the canalicular 
parts of the capsule. In the embryonic connective tissue between the cartilaginous capsule 

Q.A. B 
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and the epithelial wall of the labyrinth the perilymphatic spaces are developed. Streeter * 
states that the rudiment of the periotic cistern or vestibular perilymphatic space, can be 
seen in an embryo of from 30 to 40 mm. in length, in the reticulum between the saccule 


Fig. 162. — A section through the 
huid-brain and auditory pits of a 
human embryo, about twenty-four 
days old. (Kollmann.) 



Fig. 163. — A section through the 
hind -brain and auditory vesicles 
of an embryo more advanced 
than that of fig. 162. (After 
His.) 



and the fenestra vestibuli. The scala t 3 rmpani is next developed, and begins opposite the 
fenestra cochlese ; the scala vestibuli is the last to appear. The two scalse gradually extend 
along each side of the ductus cochlearis, and when they reach the tip of the ductus an 
opening which represents the helicotrema is developed between them. The modiolus and 
the osseous spiral lamina of the cochlea are not preformed in cartilage but are ossified 
directly from connective tissue. 


Fig. 164. — ^The left audi- 
tory vesicle of a human 
embryo, about 6 mm. 
long. Lateral aspect. 
(W. His, jun.) 

Ductus endo- Auditory vesicle 
lymphaticus ] 



Fig. 165. — The left auditory vesicle of a 
human embryo, about 15 mm. long. 
Lateral aspect. (W. His, jun.) 



Rudiment of cochlear duct 


The pliar^go-t;^panic (auditory) tube and tympaDic cavity were formerlv 
regarded as denved from the first pharyngeal pouch, but Frazer t has 
recently pomted out they they are developed from a recess, termed the tvJbotmn- 
pamc recess, between the first and third visceral arches, the floor of the re^ss 
oonsistmg of the fest and second arches and the first and second pharyngeal 
pouches By the forward growth of the third arch the inner part of ffe SSts 
nOTow^ to foim the tubal region, and the inner part of the second arch is ex- 

of tbe recess is subse- 
tympanic cavity, and the floor of this part forms the 
latoal w^ of the t^p^c cavity up to about the level of the chorda timpani 
nerve. From this it wiU be seen that the lateral wall of the tympanic^vity 

* George L. Streeter, American Journal of Anatomy, vol. xxi. 
t Jr. Ernest Frazer, Journal of Anatomy and Physiology, vol. xlviu. 
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has both first and second arch elements in it, £he share taken by the first arch 
being limited to the part in front of the handle of the malleus. The area of the 
second arch includes the outer 
wall behind this, and turns on 
to the back wall to take in the 
tympanohyal region. ” The tubo- 
tympanic recess is placed at first 
on the infero-lateral aspect of 
the cartilaginous auditory cap- 
sule, but as the latter enlarges 
the relations become altered and 
the tympanic cavity comes to 
lie antero-lateral to the capsule. 

A cartilaginous process grows 
ventrally from the lateral part 
of the capsule to form the tegmen 
tympani, and it turns downwards 
to form the lateral wall of the 
pharyngo-tympanic (auditory) 
tube. In this way, subsequent 
to the process of ossification, 
the tympanic cavity and the 
proximal part of the pharyngo- 
tympanic tube become included 
in the petrous part of the tem- 
poral bone. During the sixth or seventh month the tympanic antrum appears 
as a dorsal expansion of the tympanic cavity. 

The opinion generally held as to the development of the ossicles of the 
middle ear is that the incus and malleus are derived from the dorsal end of the man- 
dibular (MeckeLs) cartilage (fig. 131), 
the incus representing the quadrate 
bone of birds and reptiles. The stapes 
is developed from the dorsal end of the 
cartilage of the second or hyoid arch, 
and first appears as a ring (annulus 
stapedis) encircling the small stapedial 
artery, which subsequently atrophies. 
At first the ossicles are imbedded in 
the mesenchymal roof of the tympanic 
cavity, and their extraneous origin is 
indicated in the adult by. the covering 
which they receive from the mucous 
lining of the cavity. 

The external auditory meatus is de- 
veloped from the dorsal end of the 
hyomandibular or first visceral cleft. 
The ventral part of this groove ex- 
tends inwards as a funnel-shaped tube 
(primary meatus) from which the 
cartilaginous portion and a small part 
of the roof of the osseous portion of 
the meatus are developed. From the 
funnel-shaped tube a solid epidermal 
plug extends inwards along the fioor of the tubotympanic recess; by the 
breaking down of the central cells of this plug the inner part of' the meatus 
(secondary meatus) is produced, while the deepest cells of the ectodermal 
plug form the epidermal stratum of the tympanic membrane. The fibrous 
stratum of the tympanic membrane is formed from the mesenchyme which 
extends between the meatal plate and the entoderm of the floor of the tubo- 
tympanic recess. 

The auricle is developed by the gradual differentiation of six tubercles 
(fig. 167) which appear around the margin of the hyo-mandibular cleft. Three 


Fig. 167. — The tubercles from which the 
different parts of the auricle are 
developed. (His.) 



1, 2. Tubercles on mandibular arch. 3. Tubercle 
above groove. 3, c. Prolongation of 3 downwards. 
4, 5, 6. Tubercles on hyoid arch. o.v. Auditory 
vesicle. 


Fig. 166. — The left membranous labyrinth of a 
human embryo, 30 mm. long. (From a model 
by W. His, jun.) 
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tubercles appear on the caudal edge of the mandibular arch near its dorsal 
end and three similar tubercles appear on the cephalic edge of the opposed 
part of the hyoid arch. A short ridge-like elevation, which is termed the 
auricular fold^ appears dorsal and caudal to the hyoid tubercles. The first 


Fig. 168. — The left auricles of human embryos, about 13-6 and 15 mm. long, 
respectively. (After His.) 



Fig. 169. — The auricula in a more 
advanced stage of development 
than those represented in fig. 171. 


Helix 


mandibular tubercle forms the tragus, and the second the crus helicis. The 
third mancjibular tubercle runs into the auricular fold, and the two together 
constitute the helix. The fourth (hyoid) tubercle forms the antihelix, the fifth 

the antitragus and the sixth the lobule.* 
Some observers maintain that the fourth 
and fifth tubercles fuse to form the antihehx, 
that the sixth becomes the antitragus, and 
that the lobule develops later as an in- 
dependent formation. The rudiment of 
the auditory nerve appears in the fourth 
week as the auditory ganglion, which lies be- 
tween the auditory vesicle and the wall of 
the hind-brain. At first it is fused with the 
ganglion of the facial nerve (acousticofacial 
ganglion) but later the two separate. The 
cells of the ganglion are mainly derived 
from those of the neural crest, but probably 
some come from the ectoderm of the aud- 
itory vesicle. The auditory ganglion divides 
into a vestibular and a cochlear part, each 
of which is associated with the correspond- 
ing division of the eighth nerve. The cells 
of these ganglia retain their bipolar shape, each sending a proximal fibre into 
the brain, and a peripheral fibre to the internal ear. 


ATitiheliz 
€tus helicis 



Mandible 


THE DEVELOPMENT OE THE VASCULAR SYSTEM 

The blood-corpuscles and the blood-vessels are derived from angioblastic 
tissue, which differentiates from the mesoderm in three regions, viz. : {a) on 
the surface of the yolk-sac, {h) in the body-stalk, and (c) in the chorion.t On 

* F. "Wood- Jones and Wen I-Chuan believe that the whole of the auricle is developed 
from hyoid elements, with the exception of the tragus, which is derived from the mandi- 
bular arch. — J oumal of Anatomy, vol. Ixviii. 1934. 

•f J. L. Bremer, “ On the Earliest Blood-vessels in Man,” Anatomical Record, vol. viii. 
Feb. 1914 ; Donald McIntyre, “ The Development of the Vascular System in the Human 
Embryo prior to the Establishment of the Heart,” Trans, Roy, Soc. Edin, vol. Iv. 1926 ; 
A. T. Hertig, “ Angiogenesis in the Early Human Chorion,” Contributions to Embryology, 
vol. XXV. 1935. 



THE DEVELOPMENT OF THE BLOOD 


133 


the surface of the yolk-sac and in the body-stalk small, more or less spheri- 
cal, groups of cells are found early in the third week. They are termed blood- 
islands. The stages of the transformation of blood-islands into blood-con- 
taining vessels have not yet been demonstrated in detail, but it is generally 
believed that the peripheral cells of the islands become flattened and form the 
vascular endothelium, while the 

central cells become converted Fig. 170. — section through the vascular area to 
into blood- corpuscles. Later show the differentiation of the primitive vascular 

these small blood- containing I^i^'g^^'^imatic. 

spaces become continuous with 
one another to form a network 
of small vessels. In the chor- 
ionic end of the body-stalk and 

the 


the 

mesenchyme, give rise to solid 
strands of angioblast. Each 
strand contains two or three rod-shaped nuclei arranged in a single row and 
soon comes to contain a space occupied by one or more nucleated haemoglobin- 
coloured cells. These spaces run together to form blood-vessels, which are 
therefore lined by derivatives of the mesenchyme : the precise source of their 
contained blood-cells is uncertain. The earliest blood-vessels, therefore, are 
formed at several separate centres ; from the walls of these vessels buds 
grow out, become vascularised and converted into new vessels, and join with 
those of neighbouring areas to form a close meshwork. His was of opinion 
that the vessels within the embryo were developed as extensions of this 
network, but probably they arise independently. Most observers agree that, 
after the aortae have appeared, all new vessels are derived from pre-existing 
ones. 

According to the monophyletic theory all the corpuscles of the blood, both red and colour- 
less, are derived from a common mesenchymatous ancestor, the primitive mesamoeboid cell 
or haemooytoblast. The earliest blood-corpuscles are thus all nucleated ; they are also 

capable of subdivision and of executing 
amoeboid movements. Some mesamoe- 
boids acquire colouring matter (haemo- 
globin) ; their nuclei disintegrate and 
are extruded, and the non-nucleated 
red corpuscles or erythrocytes result. 
Other mesamoeboids retain their nuclei ; 
some remain in the blood as the 
leucocytes ; others wander out into the 
tissues, particularly into the liver, the 
lymphoid tissues, and the marrow of 
the bones, where they form specialised 
collections from which the corpuscles of 
the blood are regenerated. The differ- 
ent varieties of leucocytes are described 
on p. 29. 

On the other hand, according to the polyphyletic theory, which is upheld by Sabin and her 
school, the angioblast gives origin to red blood-corpuscles and to clasmatocytes, but all the 
other varieties of leucocytes are derived from a primitive basiphilic ancestor, which is also 
mesodermal in origin. 

The development of the red blood-corpuscles is carried through in three stages. (1) 
Erythrohlasts are derived from the primitive mesamoeboid and endothelial cells. They are 
frequently termed megdohlasts, and they are the ichthyoid blood cells (of Minot), so called 
because of their resemblance to the typical red blood-corpuscles of fishes. These cells are 
large in size ; they are nucleated and contain haemoglobin in their cytoplasm. They 
predominate in the earlier weeks of development, but are not found in normal blood after 
the third month. (2) The normoblasts, which first appear during the second month, closely 
resemble the red blood-corpuscles of reptiles and were termed sauroid blood cells by Minot, 
Smaller than the erythrohlasts the normoblasts have small, deeply staining, spherical 
nuclei, and their cytoplasm contains an increased amount of haemoglobin. They are 
occasionally found in normal blood at birth. (3) The erythrocytes, or blood plastids (of 
Minot) are non-nucleated, spherical cells which become converted into typical red blood- 


Fig. 171. — ^A section through a developing 
blood-vessel. Diagrammatic. 


Mesoderm Blood-island 



wall of vessel Entoderm 


in the mesenchyme lining 
chorion typical blood-islands 
not found, but the cells of 
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corpuscles. They represent normoblasts which have lost their nuclei, whether by extrusion 
or by absorption is still somewhat doubtful. 


THE DEVELOPMENT OF THE HEART* 

The human heart, like the hearts of all vertebrates, is formed by the fusion 
of two symmetrically developing tubes (p. 82), but the fusion is gradual, 
commencing at the bulbar, or arterial, end and extending caudally. 

The pericardial cavity can be identified before the head-fold is formed or 
while it is in process of formation, and the heart is then represented only by 
groups of angioblasts which lie between the pericardium and the entoderm of 
the yolk-sac (fig. 172), The ventral (or yolk-sac) wall of the pericardium, which 

Fig. 172.--Median section through the cephalic end of an early human embryo 
to show the position of the pericardium before the formation of the head-fold. 

A few scattered angioblasts are seen between the cardiogenic plate and the 
yolk-sac ; they will ultimately form the endothelial heart tubes. (After 
Carl L. Davis.) 



is destined to form both the epicardiam and the myocardium, is thicker than the 
dorsal wall and is termed the cardiogenic plate. When the head-fold is formed, 
the cardiogenic plate becomes the dorsal wall of the pericardium and lies ventral 
to the fore-gut. While this reversal of the pericardium is taking place (figs. 
173 and 174), the angioblastic tissue related to the cardiogenic plate gives rise 
to two paramedian endothelial tubes which subsequently fuse to form a tubular 
heart. Caudally each tube receives the cranial end of the corresponding 
vitelline vein, which lies in the floor of the pericardium in the mesoderm of the 
septum transversum (p. 72), Ventrally the endothelial heart tubes invaginate 
the cardiogenic plate into’ the pericardial cavity (fig. 175). 

The dorsal aortse arise in situ as paired endothelial vessels. They extend 
caudally into the body-stalk, where they establish continuity with the umbilical 
arteries, which precede them in time of appearance. At their cephalic ends the 
dorsal aortae curve ventrally round the sides of the fore-gut to reach the peri- 
cardium to become continuous with the cephalic ends of the endothelial heart 
tubes, thus forming the first pair of aortic arches f (fig. 189). 

Except at its caudal end the tubular endothelial heart is separated from the 
cardiogenic plate — which may henceforth be termed the myo-epicardial mantle 
—by an interval occupied by a formless jelly-like substance (fig. 175). At first 
the pericardium is wide in proportion to its length, but as the heart tube 
grows the pericardium for a time lengthens proportionately. Grooves appear 
on the surfaces of the heart which indicate the subdivision of the tube into its 
primitive chambers. The most cranially situated of these grooves marks off 

* See A. Girgis, Proceedings of Zoological Society of London, 1930 and 1933 • Carl L 
Davis, Contributions to Embryology, vol. xix. 1927 ; D. Waterston, Trans. Roy. Soc Edin- 
burgh, vol. lii. 1918 ; and J. Tandler, Keibel and Mall’s Manual of Embnjology, 1912. 

t In lower vertebrates the heart and aort« are laid down before the formation of the 
head-fold and the arteries communicate with the caudal end of the heart. When the head- 
fold forms, the ends of the heart are reversed and the cephalic ends of the dorsal aort^ are 
curved forwards round the sides of the fore-gut to form the first aortic arches 
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the bulbus cordis, which is continuous with the first pair of aortic arches, from 
the ventricle. A second groove, which later becomes a localised constriction, 
, separates the ventricle from a common sinu^atrial chamber and indicates the 
position of the atrial canal. At the same time the heart- tube is enlarging and 
the bulbo-ventricular part, which is most affected, bulges ventrally and 
caudally. The dorsilateral recesses of the pericardium deepen and approach 
one another (fig. 175) and fuse, completing the myo-epicardial covering of the 
heart and converting its hitherto broad dorsal attachment into a dorsal mesen- 

Fig. 173. — ^Median section through, the cephalic end of a young human embryo, ! 
showing the head-fold in process of formation and its effect on the position 
of the. pericardium. Compare with figs. 172 and 174. (After Carl L. Davis.) 


tery. This dorsal mesocardium is very transient and when it breaks down a 
passage is established across the pericardial cavity from side to side dorsal to 
the heart. This passage persists as the transverse sinus of the pericardium. 
The bulging bulbo-ventricular part of the heart forms a U-shaped loop which 
is a striking feature of the heart during the fifth and sixth weeks ; the bulb 
forms the right limb and the ventricle the left limb of the loop (fig. 176). On 
account of this loop a deep bulbo-ventricular notch is apparent on the outer 
surface of the heart (fig. 176) and a corresponding bulbo-ventricular ridge pro- 
jects into the interior (fig. 186). 

The bulbo-ventricular loop occupies the ventral part of the pericardial 
cavity, while the common sinu-atrial chamber occupies its dorsal part. The 
atrial canal, consequent on the formation of the loop, lies to the left of tlie’ 
median plane, so that at this stage, it is the left part of the sinu-atrial chamber 
which communicates with the ventricle. During the subsequent growth 
changes the canal gradually moves into the median plane of the heart. 

While these changes are in progress the connexion between the bulbus cordis 
and the first pair of aortic arches lengthens to form the truncus arteriosus, and 
the cranial end of this vessel becomes connected to the dorsal aortse by 'the 
remaining (five) pairs of aortic arches. By this time the venous drainage of the 
body wall has been established. On each side an anterior cardinal vein, from 
the headward end of the embryo, unites with a posterior cardinal vein from the 
tail end, to form the duct of Guvier, and this vessel opens close to the umbihcal 
and vitelline veins into the dorsi- caudal part of the common sinu-atrial chamber. 

The separation of the sinus venosus from the atrium completes the definition 
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of the primitive chambers of the heart. This is effected by the appearance of 
a crescentic fold which cuts off the dorsi-caudal part of the sinu-atrial chamber 
to form the sinus venosus. The fold is much deeper on the left side, so that 
the left horn of the sinus venosus is defined first, and opens into that part of 
the common sinu-atrial chamber which later becomes the right horn (fig. 178), 
As the crescentic fold deepens, the right horn becomes demarcated from 
the right half of the common atrium and its coimexion with it — ^which is 
widely open in fig. 178 — becomes relatively smaller. The right and left 
parts of the atrium enlarge and bulge forwards at the sides of the bulb 
(fig. 181). 

The embryo has now attained a length of 3 mm. It possesses no soniites 
and has entered on the fifth week of development. From this stage pnwards it 


Fig, 174. — ^Median section through the cephalic end of a young human embryo, 
after completion of the head-fold and reversal of the pericardium. Compare 
with figs. 172 and 173. (After Carl L. Davis.) 



is more convenient to deal with the history of the individual chambers than with 
the development of the heart as a whole. 

The sinus venosus . — ^The sinus venosus is situated in the septum transversum 
dorsi-caudal to the common atrium, and presents a crescentic shape (fig. 179). 
Its right horn increases rapidly in size at the expense of the left horn, owing to 
the changes brought about in the originally symmetrical arrangement of the 
umbilical and vitelline veins by the development of the liver (p. 164:). As a 
result of these changes the vitello-umbilical blood-flow enters the right horn 
through a wide but short vessel, termed the veTza hepatis communis, which is 
destined to form the cephalic end of the inferior vena cava. In addition to this 
vein the right horn receives the right duct of Cuvier (from the body- wall of the 
right side) and the left horn of the sinus, which conveys the blood from the left 
duct of Cuvier. Later, when transverse connexions are established between 
the cardinal veins of the two sides (flg. 198), the blood from the body-wall of 
the left side reaches the heart vid the veins of the right side. The left duct of 
Cuvier then becomes much reduced in size and forms the oblique vein of the left 
atrium, while the left horn itself persists as the coronary sinus. 
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The right horn of the sinus venosus opens into the right atrium through its 
dorsal and caudal walls. The orifice, which is elongated and often slit-like, is 
guarded by two muscular folds which are termed the right and left venous valves 
(fig. 183). These two valves meet at the cephalic end of the orifice and become 

Fig. 175. — horizontal section through the pericardium and developing heart of 
the embryo sho'vm in fig. 1 74. (After Carl L. Davis.) The arrows indicate the 
directions in which the dorsilateral recesses of the pericardium deepen so as to 
define the transient dorsal mesocardium. 



continuous with a fold which projects into the atrium from its roof and is termed 
the septum spurium (fig. 180). At the caudal end of the orifice the two valves 
meet and fuse with the dorsal endocardial cushion of the atrial canal (p. 138). 
The cephalic part of the right venous valve disappears, but its position is 
indicated in the adult heart by the crista terminalis ; its caudal part forms the 
valve of the coronary sinus and most of the valve of the inferior vena cava. The 
medial (or left) end of the valve of the inferior vena cava is formed by a small 


Pig. 17fi. — The heart of a 0*95 mm. rabbit embryo. Viewed from the ventral 
side. (Drawn from a model by G. Bom.) 
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fold which projects from the dorsal wall of the sinus venosus and is termed 
the sinus septum. In the embryo the sinus septum intervenes between the 
orifice of the vena hepatis communis and the opening of the left horn of the 
sinus. 

The left venous valve blends with the right side of the atrial septum and 
no trace of it can be seen in the adult heart. 

As the venous valves undergo these changes the right horn of the sinus 
venosus becomes incorporated in the right atrium and forms its dorsal wall, 
medial to the crista terminalis. This part of the adult atrium is often termed 
the sinus venarum. 

E 2 


G.A. 
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The atria. — ^As already stated, the common, atrium is derived from the 
ventri- cranial part of the sinu-atrial chamber. It receives the opening of 
the sinus venosus in its dorsicaudal part to the right of the median plane, while 


Fig. 177. — The heart of a 1-7 mm. rabbit embryo. Viewed from the ventral 
side. (Drawn from a model by G. Bom.) 
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its ventral part communicates with the ventricle through the atrial canal, 
which lies at first to the left of the median plane. As the atrial canal moves 
towards the median plane, swellings appear in its ventral and dorsal walls 


Fig. 178. — The heart shown in fig. 177, viewed from the right side and slightly 
from the ventral aspect. The right wall of the common sinu-atrial chamber 
has been removed to show the interior. (Drawn from a model by G. Bom.) 
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in the space between the endothelial tube and the myo-epicardial mantle, 
ney are termed the atnoventrimlar endocardial cushims and consist of a 
simple mesenchyme which stains darkly with hsematoxylin. They encroach 
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PiQ. 179.— The heart of a human embryo, about six weeks old. Dorsal aspect. 
(From a model by His.) 

, Left duet of Cuvier Opening into atrium Bi^M duct of Cuvier 
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on the canal and eventually fuse "with each other, leaving a relatively small 
orifice on each side. The fused cushions constitute the septum intermedium 

Fig. 181. — A heart showing the expansion of the atria. (From an Ecker-Ziegler 

model.) 



(of His), and the two small orifices become the right and left atrioventricular 
openings. 

The internal separation of the two atria is effected by the growth of two 
septa. The first to appear is termed the sepPum primum, and it grows from the 

Fig. 182. — The heart of a human embryo, about six weeks old. The interior of 
the dorsal hah. (From a model by His.) 
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dorsal waU as a ^ckle-shaped fold (fig. 184, A) which is separated from the left 
venous valve by an interval named the intersepto-valvular space. The ventral 
horn of the sickle reaches the ventral atrio-ventricular cushion, and the dorsal 
horn reaches the dorsal cushion. Ventral and caudal to the advancing edge 
of the septum the two atria communicate through the ostium primum (of Bom) 
(fig. 182). Free passage of blood from the right atrium to the left is essential 
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throughout foetal life, and, therefore, as the ostium primum becomes reduced 
in size, the dorsal part of the septum primum breaks down and a new communica- 
tion, termed the ostium secundum, is formed between the two atria. The ostium 
primum becomes occluded completely by the fusion of the edge of the septum 
primum with the fused atrio-ventricular cushions, and it should be noted that 
this fusion occurs in the median plane. The ostixun secundum enlarges sufd- 
ciently to ensure the free passage of blood from the right atrium to the left, 
and it persists throughout intra-uterine life as the foramen ovale. At first this 
opening is situated in the cephalic and dorsal portion of the septum primum 


Fig-. 183. — ^Transverse section of a human embryo, 8 mm. long. Observe how 
the atria bulge forwards on either side of the bulbus cordis, and compare with 
fig. 182. The septum primum has broken down in its dorsal portion and 
the two atria communicate through the foramen ovale secimdum. 



but its position becomes modified until it lies in its cephalic and ventral part 
(fig. 184, 0). Towards the end of the second month the muscular wall of the 
atrium becomes inflected to form a crescentic septum on the right side of the 
septum primum. This inflection is termed the septum secundum, and it involves 
more than the whole width of the intersepto- valvular space, so that the dorsal 
attachments of the septum primum and the left venous valve are carried into 
the interior of the atrium (fig. 185) on its left and right surfaces respectively. 
The horns of the septum secundum fuse with the septum intermedium and the 
adjoining part of the septum primum. Its intervening, free, portion overlaps 
the foramen ovale (fig. 184, D) so that the septum primum can act as a flap-like 
valve. As the blood-pressure is greater in the right atrium than it is in the left, 
the blood flows from right to left, but not m an opposite direction. After 
birth the intra-atrial pressures are equalised, and the free edge of the septum 
primum is therefore kept in contact with the left side of the septum 
secundum and fusion occurs. Not infrequently the fusion is incomplete, 
but the opening left is usually small and valvular, and has no functional 
significance. 

At an early stage in the development of the septum primum a single, common 
pulmonary vein can be identified opening into the caudal part of the dorsal 
wall of the left atrium close to the septum. This trunk is formed by the union 
of a right and a left pulmonary vein, and each of these is formed in turn by two 
small veins issuing from the developing lung-bud. Subsequently the common 
trunk and the two veins forming it expand and are incorporated in the left 
atrium to form the greater part of its cavity. This expansion reaches as far 
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as tli6 orifices of the four veins, which thus open separately into the left atrium. 
During the second month the two atria bulge ventrally one on each side of the 


Tig. 184.— Diagrams representing three stages in the development of the atrial 
septum, viewed from the right side. The heart has been divided in its long 
axis to the right of its middle line and only the atria and the adjoining part 
of the ventricular cavity are depicted. 
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A. The septum primum has not yet obliterated the original communication between the 
two atrial diverticula and the atrioventricular endocardial cu^ons have not yet fused. JB. The 
atrioventricular endocardial cushions have fused with each other and with the septum primum, 
which has broken down in its dorsal part. The foramen ovale secundum, thus formed, subse- 
^ently moves in the direction of the arrows. 0. The septum secundum has formed and hides 
me foramen ovale secundum, the margins of which are indicated by the curved, dotted line. 
D, A section through C along the line ab to show the valve-like character of the foramen ovale 
secundum. When the pressure in the right atrium exceeds that in the left atrium, blood passes 
from the right to the left side of the heart, but when the two pressures are equal the septum 
primum assumes the position indicated by the dotted outline. 


bulbus cordis, which lies in a groove on their ventral surface (fig. 183). These 
projecting parts of the atria form the auricles of the adult heart, while their 
dorsal parts expand to form the atria proper. 

Fig. 186.— Transverse section through the thorax of a 21 mm. human embryo, 
showing the inflexion of the muscular atrial wall to form the septum secundum. 
Observe the vacuolated condition of the oesophagus which is characteristic 
at this stage. 
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The venWdes, bulbus cordis and the truncus arteriosus.— The process of 
separation of the two ventricles is intimately related to the separation of the 
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^rtio and plenary orifices at the distal end of the bulbus and to the snb- 
mvision of the truncus arteriosus into pulmonary and aortic channels. These 


Fie. 186.— A diagram showing the relations at an early stage between the atrio- 
ventneulM opening and ventricles, the cavity of the bulbus cordis, and the 
bul^ventneular ridge. The endocardial cushions at the distal end of the 
bmb are m a more differentiated state than they really exhibit at this 

stage. (J. Ernest Frazer.) 



two processes Me so closely interdependent that the history of the truncus 
arteriosus will be dealt with in this section, although it takes no part in the 


Fic. 1 87.— A dia^am to show the mode of formation of the septa which separate 
the aortic ^d pi^onary channels in the embryonic heart. The'red arrow 
mdicates the aortic channel, and the blue arrow, the pulmonary. The small 
black arrows in^cate the directions of growth. (Drawn from a plaatioine 
model made by Dr. J. Whillis.) ^ 
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formation of the heart itself, and both wifl be considered before the separation 
of the two ventricles is described. 

Four endocardial cushions — a ventral, a dorsal, a right and a left — form in 
the distal part, of the bulbus, and the right and left cushions fuse to constitute 
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the distal bulbar septum. This septum separates a ventral, or pulmonary, orifice 
from a dorsal, or aortic, orifice, and later the cushions become modified to form 
the semilunar valves. 

The separation of the pulmonary trunk from the aorta is a more complicated 
process. Two ridge-like thickenings project into the interior of the truncus 
arteriosus. Proximally, the ridges are placed on the lateral walls of the vessel, 
but as they are traced away from the heart, the right ridge passes obliquely 
on to the ventral wall and then on to the left wall, while the left ridge extends 
on to the dorsal wall and then on to the right wall (fig. 187). The ridges are 
therefore spiral and their fusion forms the spiral aortopulmonary septum. At its 
proximal end this septum meets and fuses with the (hstal bulbar septum, and 
on account of its spiral character the pulmonary trunk, which lies ventral to the 
aorta at its orifice, curves round to its left side as it ascends, and finally lies 
dorsal to it (fig. 187). At its distal end the aortopulmonary septum meets the 
dorsal wall of the truncus arteriosus headwards of the point where it is joined 


Fia. 188. — A diagram to show the completion of the separation of the aortic and 
pulmonary channels. The dotted lines indicate successive positions of the 
left bulbar ridge as it fuses with the free edge of the ventricular septum and 
approaches the right bulbar ridge (J. Ernest Frazer). 



by the sixth pair of aortic arches, and as a result these arches become branches 
of the pulmonary trunk, while the other aortic arches are left in communication 
with the aorta (fig. 187). 

The separation of the two ventricles from each other has to be effected in 
such a way as to leave the right ventricle in communication both with the right 
atrium and with the pulmonary artery, and the left ventricle in communication 
both with the left atrium and the aorta. On account of the complicated 
character of the changes which are necessary three distinct factors contribute 
to the formation of the adult ventricular sej)tum, viz. : — (a) the ventricular 
septum (or septum inferius of His), (6) the proximal bulbar septum y and (c) the 
atrioventricular endocardial cushions (septum intermedium of lEs) . 

(a) During the fifth week the right and left ventricles are indicated as slight 
projections on the surface of the common ventricle. In the inside of the heart 
a crescentic ridge indicates the separation between them and, as the heart 
enlarges, this ridge deepens to form the ventricular septum. Dorsally it meets 
the dorsal endocardial cushion of the atrial canal near its right extremity and 
fuses with it. The septum has a free sickle-shaped margin, which bounds the 
circular interventricular foramen (fig. 187). 

At first the bulbo-ventricular junction is marked by a distinct notch on the 
outside of the heart (fig. 186), and on the inside of the heart there is a cor- 
responding bulbo-ventricular ridge. This ridge is interposed between the 
atrioventricular orifice and the caudal part of the bulb (fig. 186), and its absorp- 
tion is essential for the development of the four-chambered heart. As a result, 
partly of the absorption of the bulbo-ventricular ridge and partly of the growth 
of the atrioventricular region, the right extremity of the atrial canal comes to 
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lie below the orifice of the bulb (fig. 187). This alteration in the relative 
positions of the structures concerned occurs while the ventricular septum is 
forming, and paves the way for the completion of the process of ventricular 
partition. 

(b) The proximal bulbar septum separates the bulbus cordis into pulmonary 
and aortic channels, and is formed by the right and left bulbar ridges, which are 
in continuity with the corresponding bulbar endocardial cushions. The right 
bulbar ridge grows across on to the dorsal wall of the bulb and the right extre- 
mity of the fused atrioventricular endocardial cushions to reach the dorsal end 
of the free, sickle-shaped edge of the ventricular septum, and in doing so 



obliterates the ventral or cephalic part of the right atrioventricular orifice 
(fig. 187). The left bulbar ridge grows across on to the ventral wall of the bulb 
to reach the ventral or cephalic end of the ventricular septum and then grows 
along its free margin until it meets and fuses with the right bulbar ridge.* As 
a result of the formation of this proximal bulbar septum the ventral part of the 
bulb becomes incorporated in the right ventricle and forms its infundibular 
part (conus arteriosus). The dorsal part of the bulb becomes absorbed almost 
entirely, but its position is indicated by the dorsal wall of the aortic vestibule, 
which, however, is formed to a large extent by the fused atrioventricular 
endocardial cushions. It will be clear, from the directions of growth of the 
two ridges, that the proximaPbulbar septum is twisted, and this is necessitated 
by the fact that it has to connect two septa — the distal bulbar septum and the 
ventricular septum— which do not lie in the same plane. 

(c) At the time of their fusion the atrioventricular endocardial cushions are 

♦ See footnote p. 146. 
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very large relative to the size of the atrioventricular orifices. The atrial septum 
meets the atrial surface of the cushions at their centre, but the ventricular 
septum meets them near their right extremity. It follows that a portion of 
the fused cushions intervenes between the right atrium and the left ventricle, 
and it is this portion which forms the right part of the dorsal wall of 
the aortic vestibule {membranous part of atrial septum, p. 681). The mem- 
branous part of the ventricular septum, which is continuous behind with' the 
membranous part of the atrial septum in the adult heart, is formed where the 
caudal end of the right bulbar ridge crosses the right extremity of the fused 
atrioventricular endocardial cushions to join the ventricular septum. The 
persistence of a communication between the two ventricles is due to arrest of 
development in this region.* 

It should be observed that a part of the circular orifice which lies above the 
ventricular septum (fig. 187) becomes incorporated in the aortic vestibule and 
thereafter serves to connect the left ventricle with the aortic channel. 

The valves of the heart , — The atrioventricular valves develop as endothelial 
projections directed towards the ventricles at the atrioventricular orifices. 
From the first they are connected with the ventricular musculature at their 
bases and, as growth proceeds and the flaps become enlarged, these muscular 
trabeculae become freed and constitute the musculi papillares, their extremities 
being converted into the fibrous chordae tendineae. The aortic and pulmonary 
valves are formed from the four endocardial cushions which appear at the distal 
end of the bulbus cordis. The completion of the distal bulbar septum results 
in the division of each lateral cushion into two parts, so that the number of 
thickenings is increased to six, of which three are associated with the pulmonary 
orifice and three with the aortic. These thickenings form the rudiments of 
the aortic and pulmonary valves, while the pouches between the valves and the 
walls of the vessels gradually enlarge and form the sinuses of the aorta. At 
first, therefore, one cusp of the pulmonary valve lies anteriorly and the other 
two posterolaterally, whereas one cusp of the aortic valve hes posteriorly and 
the other two anterolaterally. Before birth the heart becomes rotated to the 
left so that the pulmonary artery assumes its permanent position to the left 
of, and anterior to, the aorta. This rotation also affects the relative positions 
of the cusps of the pulmonary and aortic valves, so that they come to occupy 
the positions in which they are found in the adult heart. 

Applied Anatomy . — ^The various cardiac septa may be arrested in their development or, 
more rarely, the septa may form in an abnormal manner, conditions which give rise to the 
various forms of congenital cardiac anomalies, {a) The septum secundum of the atria may 
fail to fuse with the septum primum, rendering possible a communication between the two 
atria. Unless, owing to a deficiency of the septum primum, the floor of the fossa ovafis is 
completely or partially absent this commimication is of no functional importance, because 
of its valvular character and the equality of the intra-atrial pressures. When free com- 
munication exists between the two atria the condition is still compatible with life and is 
compensated for by a marked increase in the number of the red blood-corpuscles. (6) The 
ventral part of the bulbus cordis may fail to enlarge to form a normal infundibulum (conus 
arteriosus). In these cases the pxdmonary artery is very considerably stenosed and blood 
reaches the lungs through the medium of a persistent ductus arteriosus. At the same time 
the dorsal part of the bulb expands, instead of becoming absorbed, and the aorta com- 
municates with both ventricles. The membranous part of the ventricular septum is 
deficient, (c) Transposition of the aorta and pulmonary artery is occasionally met with, 
and is usually associated with a more or less marked deficiency in the ventricular septum, 
although this structure may be complete. As the transposition may affect the topographical 
relationships of the two vessels to each other, or may involve their ventricular connexions, 
several distinct types of this anomaly can be differentiated, j- 

* Recent work by P. N. B. Odgers (to be published shortly in the Journal of Anatomy) 
has shown that a large part of the circular interventricular foramen is actually occluded 
by a proliferation from the atrioventricular endocardial cushions which fuses with the 
lower end of the proximal bulbar septum and with the ventricular septum. This prolifera- 
tion forms the membranous part of the ventricular septum in the adult and its failure to 
develop results in the presence of an interventricular foramen. 

■f Congenital cardiac anomalies are so numerous and varied that it is impossible to give 
more than the merest outline. See Sir Arthur Keith’s Hunterian Lectures, the Lancet, 1 909, 
and T. Walmsley, Quain^s Anatomy, eleventh edition, vol. iv. part iii. 
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The further development of the arteries. — Recent observations show that 
none of the main vessels of the adult arise as single trunks in the embryo. At 
the site of each vessel a capillary network forms, and by the enlargement of 
definite paths in this network the larger arteries and veins are developed. 
The branches of the main arteries are not always simple modifications of the 
vessels of the capillary network, but may arise as new outgrowths from the 
enlarged stem. 

It has been seen (p. 134) that subsequent to the formation of the head-fold 
each primitive aorta consists of a ventral and a dorsal part which are continuous 
through the first aortic arch. The dorsal aortse at first run caudally separately, 
one on each side of the notochord, but in the fourth week they fuse from about 
the level of the fourth thoracic to that of the fourth lumbar segment to form 
a single trunk — the descending aorta. Although in many animals paired 


Fig. 190. — scheme of the aortic arches and their transformations. 
(After Congdon.) 


Easternal carotid artery 



ventral aortae arise from the truncus arteriosus and course headwards on the 
ventral surface of the pharynx, in the human embryo the ventral aortae are 
fused and form a dilated vessel, termed the * aortic sac ’ (Congdon).* The 
first aortic arches run through the mandibular arches, and caudal to them five 
additional pairs are developed within the corresponding visceral arches ; so 
that, in all, six pairs of aortic arches are formed (figs. 190, 191). The fifth 
arches are very transitory vessels connecting the aortic sac with the dorsal 
ends of the sixth arches. The other arches pass between the aortic sac and 
the dorsal aortse. 

In fishes the aortic arches persist and give off branches to the gills, in which 
the blood is oxygenated. In mammals some of the arteries remain as permanent 
structures, while others disappear or are obliterated (fig. 190). 

The aortic sac represents fused, paired ventral aortae. As the embryo 
grows and the aorto-pulmonary septum is formed, part of the caudal end of 
the sac is incorporated in the trunk of the pulmonary artery. The cephalic 
end of the sac becomes drawn out into right and left limbs as the neck lengthens. 
The right limb becomes the innominate artery and the left limb forms the root 

* E. D. Congdon, Contributions to Embryology, No. 68, 1922. 
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of the left common carotid artery. The remainder of the sac contributes to 
the formation of the arch of the aorta. 

The aortic, arches , — The first and second aortic arches disappear, while the 
third is forming, but they are replaced by mandibular and hyoid arteries which 
grow into the arches from the dorsal aortae but do not reach the aortic sac. 
Close to its point of origin the hyoid artery gives off the stapedial artery 


Fig. 191. — A diagram showing the origins of the main branches of the carotid 
arteries. (Founded on Tandler by T. H. Bryce.) (From Quain’s Elements 
of Anatomy, vol. i., Embryology.) 
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(fig. 191), a vessel which atrophies in man but persists in some mammals 
(e.g. the rat). 

The stapedial artery passes through the ring of the stapes and divides into supra- 
orbital, infra-orbital, and mandibular branches, which follow the three divisions of the 
trigeminal nerve. The infra-orbital and mandibular branches arise from a common 
stem, the terminal part of which anastomoses with the external carotid. On the obliter- 
ation of the stapedial artery this anastomosis enlarges and forms the (internal) maxillary 
artery, and the branches of the stapedial artery are now branches of this vessel. The 
common stem of the infra-orbital and mandibular branches passes between the two roots of 
the auriculotemporal nerve and becomes the middle meningeal artery ; the original supra- 
orbital branch of the stapedial artery is represented by the orbital twigs of the middle 
meningeal artery. 

Near its ventral end the third aortic arch gives origin to a vascular sprout 
which passes headwards and forms the external carotid artery. After the 
appearance of this vessel, the ventral end of the third aortic arch persists as 
the distal end of the common carotid and its dorsal end as the proximal end of 
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the internal carotid artery. The fourth aortic arch of the right side forms the 
proximal part of the right subclavian, while the corresponding vessel of the left 
side constitutes the arch of the aorta between the origin of the left common 
carotid artery and the termination of the ductus arteriosus. The fifth arch 
disappears on bdth sides. The ventral part of the sixth aortic arch of the right 
side persists as the proximal part of the right pulmonary artery but its dorsal 
part disappears. The ventral part of the sixth aortic arch of the left side is 
absorbed into the pulmonary trunk, while its dorsal part persists as the ductus 
arteriosus ; this duet remains pervious during intra-uterine life, but is obliter- 
ated after birth and forms the ligamentum arteriosum of the adult. The 
developing lung-buds are first supplied by a capillary plexus derived from the 
aortic sac. Later, this plexus becomes connected to the dorsal aorta, and this 
vascular connexion between the latter and the aortic sac constitutes the sixth 
aortic arch. The continuation of the capillary plexus to the lung-bud thereafter 
becomes transformed into the definitive pulmonary artery. 

The dorsal aortce. — On the cephahc side of the third aortic arches the dorsal 
aortse persist and form the continuations of the internal carotid arteries ; these 
arteries pass to the brain, and each divides into an anterior and a posterior 
branch, the former giving off the ophthalmic artery and the anterior and middle 
cerebral arteries, while the latter turns back and joins the cerebral part of the 
vertebral artery. Between the third and fourth arches the right dorsal aorta 
disappears, but from the fourth arch to the point of origin of the seventh inter- 
segmental artery it becomes a portion 6f the right subclavian artery (fig. 190). 
Caudal to the seventh intersegmental artery the right dorsal aorta disappears as 
far as the point where the two dorsal aortae fuse to form the descending thoracic 
aorta. The part of the left dorsal aorta between the third and fourth arches 
disappears, while the remainder persists to form the descending part of the arch 
of the aorta. A constriction, termed the aortic isthm/us^ is sometimes seen in the 
aorta between the origin of the left subclavian artery and the attachment of the 
ductus arteriosus. 

Sometimes the right subclavian artery arises from the arch of the aorta 
distal to the origin of the left subclavian and passes upwards and to the right 
behind the trachea and oesophagus. This condition may be explained by the 
persistence of the right dorsal aorta and the obliteration of the fourth aortic 
arch of the right side. 

In birds the fourth aortic arch of the right side forms the arch of the aorta ; 
in reptiles the fourth arches of both sides persist and give rise to the double 
aortic arch of these ammals. 

The heart originally lies on the ventral surface of the pharynx, immediately 
caudal to the stomodaeum (fig. 189) ; with the elongation of the neck and the 
development of the lungs it recedes within the thorax, and, as a consequence, 
the vessels are drawn out and the original position of the fourth and sixth 
aortic arches is greatly modified. Thus, on the right side the fourth aortic arch 
recedes to the root of the neck, while on the left side it is drawn within the 
thorax. The recurrent laryngeal nerves originally pass to the larynx caudal to 
the sixth pair of aortic arches, and are therefore pulled tailwards- with the 
descent of these structures, so that in the adult the left nerve hooks round the 
ligamentum arteriosum ; owing to the disappearance of the fifth aortic arch and 
the dorsal part of the sixth on the right side the nerve hooks round the fourth 
aortic arch, i.e. the commencement of the subclavian artery. 

At first the aortae are the only longitudinal vessels present, for the branches 
of the aortae all run at right angles to the long axis of the embryo. Later 
these horizontal arteries become connected in certain situations by longitudinal 
anastomosing channels, and portions of these longitudinal vessels persist, 
forming such arteries as the internal mammary, the inferior epigastric, the 
gastro-epiploic, etc. Each dorsal aorta gives off segmental branches to the 
digestive tube {ventral splanchnic arteries) and to the mesonephric (Wolffian) 
ridge {lateral splanchnic arteries) and intersegmental branches to the body- wall 
{somatic arteries). ^ 

The ventral splanchnic arteries are originally paired vessels which are distri- 
buted to the wall of the yolk-sac, but after fusion of the dorsal aortae they 
appear as unpaired trunks and are distributed to the primitive" digestive tube. 
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Longitudinal anastomosing channels connect these branches along the dorsal 
and ventral aspects of the tube, forming dorsal and ventral splanchnic anastom- 
oses (fig. 192). The development of these longitudinal vessels obviates the 
necessity for so many ventral splanchnic arteries, and these are reduced to three 
trunks — the coeliac, superior mesenteric and inferior mesenteric arteries. As 
the viscera which they supply descend into the abdomen, these vessels wander 
in a caudal direction ; thus the origin of the coeliac artery is transferred from 
the level of the seventh cervical segment to the level of the twelfth thoracic, 
the superior mesenteric from the second thoracic to the first lumbar, and the 
inferior mesenteric from the twelfth thoracic to the third lumbar. The dorsal 
splanchnic anastomosis persists in the gastro -epiploic, pancreatico-duodenal, 
and the primary branches of the colic arteries, while the ventral splanchnic 
anastomosis forms the right and left gastric and the hepatic arteries. 

The lateral splanchn^io arteries supply, on each side, the mesonephros, the 
testis (or ovary) and the suprarenal gland ; all these structures develop, in 
whole or in part, from the mesoderm of the mesonephric (Wolf&an) ridge 


- Fio. 192. — ^Diagram of the segmental arteries. 

Spinal branch 



(p. 185). One testicular (or ovarian) artery and three suprarenal arteries 
persist on each side. The phrenic (inferior phrenic) artery arises as a branch 
from the first suprarenal artery, and the renal artery as a branch from the third. 
Additional renal arteries are frequently present and may be looked on as 
branches of persistent lateral splanchnic arteries. 

The somatic arteries are intersegmental in position, and they persist, almost 
unchanged, in the thoracic and lumbar regions, as the posterior intercostal, sub- 
costal and lumbar arteries. Each gives off a dorsal branch which passes back- 
wards in the intersegmental interval and divides into medial and lateral 
branches to supply the muscles and superficial tissues of the back (%. 192). In 
its course this dorsal branch gives off a spinal branch which enters the vertebral 
canal, and gives off spinal branches to the osteo-ligamentous canal and neural 
branches to the spinal cord. Having given off its dorsal branch the inter- 
segmental artery runs ventrally in the body- wall, gives off a lateral branch and 
terminates by supplying both muscular and cutaneous branches. 

Numerous longitudinal anastomoses link up the intersegmental arteries 
and their branches with one another. A posUcostal anastomosis connects the 
dorsal branches in the interval between the neck of the rib and the vertebral 
transverse process. This vessel persists in the cervical region where it forms 
the greater part of the vertebral artery. A po$t4ransverse anastomosis also 
connects the dorsal branches and is responsible for the greater part of the arteria 
profunda cervicalis. A precostal anastomosis connects the intersegmental 
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arteries beyond the origins of their dorsal branches. The ascending cervical 
and the superior intercostal arteries represent persistent portions of this vessel. 
Lastly, near the anterior median line the intersegmental arteries become linked 
up by a ventral somatic anastomosis. This vessel persists to a large extent in 


Fig. 193. — A diagram to illustrate the general development of the arteries of the 
lower limb. The letter P indicates the position of the Popliteus ; T that 
of the Tibialis posterior ; and H that of the Flexor hallucis longus. (H. D. 
Senior.) 
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the adult and is represented by the internal mammary, the superior epigastric 
and the inferior epigastric arteries. 

The umbilical arteries at first appear to be the direct continuation of the 
primitive dorsal aortae and they are present in the body-stalk before any 
vitelline or visceral branches can be seen — an indication of the importance of 
the chorionic as compared with the vitelline circulation in the human embryo. 
After the fusion of the dorsal aortae the umbilical arteries arise from its ventri- 
lateral aspect and pass medial to the primary excretory duct (Wolffian duct) 
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on their way to the umbilicus. Later the proximal part of the umbilical artery 
is joined by a vessel which leaves the aorta at its termination and passes lateral 
to the primary excretory duct. This new vessel, which possibly may represent 
the fifth lumbar intersegmental artery, constitutes the dorsal root of the 
umbilical artery. It gives off the axial artery of the lower limb, and, at a more 
proximal point, the external iliac artery. The proximal part of the umbilical 
artery disappears entirely, and the vessel now arises from that part of its dorsal 
root which lies proximal to the external iliac artery and constitutes the common 
iliac artery. 

The arteries of the limbs. — ^Although a number of vessels contribute to the 
primitive capillary plexus of the upper limb bud, eventually only one trunk, 
— ^the subclavian — ^persists, and it has the position and relations of the seventh 
intersegmental artery and probably represents its lateral branch. The main 
trunk to the upper limb, which later forms the axillary and brachial arteries, 
is continued into the forearm deep to the flexor premuscle mass and terminates 
in a plexiform manner in the developing hand. This vessel ultimately persists 
as the anterior interosseous artery and the deep palmar arch. A branch from 
the main trunk passes dorsally between the developing radius and ulna and 
constitutes the posterior interosseous artery, while a second branch accompanies 
the median nerve into the hand, where it ends in a superficial capillary plexus. 
The radial and ulnar arteries are the latest arteries to appear in the forearm ; 
at first the radial artery arises at a higher level than the ulnar and crosses in 
front of the median nerve, giving branches to the biceps muscle. Later, the 
radial artery establishes a connexion with the main trunk at or near the site 
of origin of the ulnar artery and the upper portion of its original stem disappears 
tO' a large extent. On reaching the hand the ulnar artery becomes linked up 
with the superficial palmar plexus from which the superficial palmar arch is 
derived, while the median artery loses its distal connexions and becomes 
reduced to a very small vessel. The radial artery passes to the dorsal surface 
of the hand but, after giving off dorsal digital branches, it perforates the first 
intermetacarpal space and links up with the deep palmar arch. 

Senior has recently worked out the development of the arteries of the lower 
limb, and the following description is based on his observations.* 

The primary arterial trunk (fig. 193) or ‘ axis ’ artery of the lower limb arises 
from the dorsal root of the umbilical artery, and courses along the dorsal surface 
of the thigh, knee and leg ; below the knee it lies between the tibia and the 
popliteus muscle, and in the leg between the crural interosseous membrane and 
the tibialis posterior muscle. It ends distally in a rete plantare, and gives off 
a perforating artery (ramus perforans tarsi) which traverses the sinus tarsi and 
forms a rete dorsale. The femoral artery passes along the ventral surface of 
the thigh, and opens up a new channel to the lower limb. It arises from a 
plexus of capillaries which is connected proximally with the femoral branches 
of the external iliac aotery, and distally with the axis artery. At the proximal 
margin of the popliteus the axis artery gives off a primitive posterior tihial and a 
primitive peroneal branchy which run distally on the dorsal surface of that muscle 
and on the tibialis posterior to gain the sole of the foot. At the distal border 
of the popliteus the axis artery gives off a perforating branchy which passes 
ventrally between the tibia and the fibula and then runs downwards to the 
dorsum of the foot, forming the anterior tibial artery and the arteria dorsalis 
pedis. The primitive peroneal artery establishes one communication with the 
axis artery at the distal border of the popliteus and another in its course through 
the leg. 

The femoral artery gradually increases in size, and coincidently with this 
increase almost the whole of the axis artery, proximal to its communication with 
the femoral, disappears ; the root of the axis artery, however, persists as the 
inferior gluteal artery. 

The proximal parts of the primitive posterior tibial and primitive peroneal 
arteries fuse, but their distal parts remain separate. Ultimately large portions 
of the axis artery and of the primitive peroneal artery disappear, altlxough a 

*H. D. Senior, American Journal of Anatomy, vol. xxv. 1919, and Anatomical Record, 
vol. xvii. 1920. 
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part of the former vessel is incorporated in the permanent peroneal artery. 
The changes are shown in greater detail in fig. 193. 

The further development of the veins. — ^The principal veins of the embryo 
may be divided into two groups, visceral and parietal. 


Fig. 194, — ^Three stages in the development of the veins of the liver. 
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B. Pink = umbilical veins and ductus venosus; mauve = vitelline veins and sinusoids of 

liver ; blue=portions of vitelline veins later incorporated in the portal vein. 

C. Blue —portal vein; interrupted mauve “portions of vitelline veins which disappear 

completely; pink=left umbilical vein and ductus venosus. 


The visceral veins are the two vitelline veins bringing the blood from the 
yolk-sac, and the two umbilical veins returning the blood from the placenta ; 
these four veins run through the septum transversum, and open into the sinus 
venosus. 

The vitelline veins run upwards at first in front, and subsequently one on 
each side, of the digestive tube. They soon unite on the ventral surface of 
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the tube, and beyond. this are connected to one another by two anastomotic 
branches, one on the dorsal and the other on the ventral surface of the duodenal 
portion of the intestine, which is thus encircled by two venous rings forming 
the figure 8 (fig. 194). The portions of the vitelline veins within the septum 
transversum become surrounded by the trabeculae of the developing liver and 
broken up into a plexus of small capillary-like vessels, which are termed the liver 
sinusoids. Like the vitelline veins, the umbilical veins, runmng headwards 
from the umbilicus, traverse the septum transversum on their way to the sinus 
venosus and become involved in the growing liver. After a time the right 
umbilical vein entirely disappears, but the left umbilical vein, which retains 


Fig. 196. — A. human embryo with the heart and ventral body wall removed to 
show the sinus venosus and its tributaries. (After His.) 
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for a period its direct connexion with the left horn of the sinus venosus, pours 
its blood into the liver sinusoids. From the cardiac end of this vascular net- 
work, the blood flows into the horns of the sinus venosus through right and left 
venae revehentes. In association with the establishment of the pulmonary 
circulation, venous channels develop which convey the blood from the left 
side of the liver to the right horn of the sinus venosus, where a large common 
hepatic vein now opens. The sinusoidal condition of the liver becomes con- 
densed into a series of aiferent vessels {vence advehentes) and a series of efPerent 
vessels (vence revehentes) now leading to the common hepatic vein. In the 
process an oblique channel is formed which conveys most of the blood brought 
by the umbilical vein to the common hepatic vein. This vessel is the ductus 
venosus (fig. 194, C), and it plays a very important part in the foetal circulation. 

The superior mesenteric vein joins the left vitelline vein near the left 
extremity of the dorsal anastomosis. Later it is joined by the splenic vein, 
and the portal vein is thus established. Portions of the right and left vitelline 
veins disappear (fig. 194, C) and the portal vein is continued through the dorsal 
anastomosis, and the cephalic part of the right vitelline vein to the liver. The 
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Fig. 196. — A scheme of the arrange- 
ment of the parietal veihs. 
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intrahepatic part of the right vitelline vein becomes the right branch of the 
portal vem, while the cephalic ventral anastomosis and the intrahepatic part of 
the left vitelline vein form its left branch. The (left) umbilical vein joins the 
left branch of the portal vein, to which the ductus venosus is also connected. 
Some of the blood conveyed to the liver by the umbilical vein passes through 
the left venae advehentes, but the great majority of it finds its way through the 
ductus venosus to the vena hepatis com- 
munis (which later forms the upper end of 
the inferior vena cava) and so to the right 
horn of the sinus venosus. 

The venous drainage of the body-wall is 
effected at first by two large veins on each 
side, termed the anterior and posterior cardinal 
veins ; the former drains the cephalic half 
of the embryo, and the latter the caudal half. 

These two veins unite to form a short vessel, 
termed the duct of Cuvier, which passes 
ventrally, lateral to the pleuropericardial 
canal (fig. 226), to gain the heart, where* 
it joins the corresponding horn of the sinus 
venosus. 

The inferior vena cava of the adult is a 
composite vessel, and the precise mode of 
development of its postrenal segment is still 
somewhat uncertain. Its earliest forerunner 
is the posterior cardinal vein, which receives 
the venous drainage of the lower limb bud 
and the pelvis and runs in the dorsal part 
of the mesonephric (WolfSian) ridge, receiv- 
ing tributaries from the body-wall (inter- 
segmental veins) and from the mesonephros. 

A second longitudinal vein, termed the 
suhcardinal vein, forms in the ventrimedial 

part of the mesonephric ridge and becomes connected to the posterior cardinal 
vein by a number of vessels which traverse the medial part of the ridge. The 
two subcardinal veins communicate with each other by a preaortic anastomosis, 
which later constitutes that portion of the left renal vein which crosses in front 
of the abdominal aorta. 

The establishment of a cross anastomosis between the iliac veins, which 
forms a large part of the left common iliac vein in the adult, results in the 
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Fig. 197. — Scheme of a composite transverse section to show the relative positions 
of some of the longitudinal somatic veins in the lumbar region. 
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preponderance of the right over the left longitudinal veins and helps to account 
for the subsequent disappearance of the latter. 

At its headward end the subcardinal vein receives the suprarenal vein on 
each side, but on the right side it comes into intimate relationship with the 
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liver. An extension of the vessel takes place in a cephalic direction and meets 
and establishes continuity with a corresponding new formation which is growing 
tailwards from the vena hepatis communis. In this way a more direct route 
is established to the heart and the prerenal segment of the inferior vena cava is 
formed. 

The enlargement of the metanephros thrusts the posterior cardinal vein 
out of its course and the venous drainage of the mesonephric ridge is taken over 
by the subcardinal vein. At the same time new longitudinal channels form 
which take over the intersegmental venous drainage, and the whole of the 
posterior cardinal vein disappears with the exception of its extreme cephalic and 
caudal ends. These new channels are four in number on each side, but, so far 
as is known at the present time, only two of them persist as large vessels in the 
adult : (1) A longitudinal channel forms dorsilateral to the aorta and lateral 
to the sympathetic trunk and its branches, and takes over the intersegmental 
venous drainage from the posterior cardinal vein. This is the thoraco-lumhar 


Fig. 198. — diagram showing the development of the main cross branches 
between the longitudinal somatic veins. 
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line (of Eeagan). (2) A second channel is formed, also dorsilateral to the aorta 
but medial to the sympathetic trunk and the branches which it sends to the 
preaortic plexuses. This vessel constitutes the azygos line and, in turn, it takes 
over the intersegmental venous drainage from the thoraco-lumbar line. The 
intersegmental veins now, for the first time, reach their longitudinal channel by 
passing deep (medial) to the sympathetic trunk, the relationship which the 
lumbar and intercostal veins exhibit in the adult. At its cephalic end the 
azygos line joins the persistent cephalic part of the posterior cardinal vein. 
(3) Two suhcentral veim are laid down directly dorsal to the aorta in the interval 
between the origins of the paired intersegmental arteries. These veins com- 
municate freely with each other and with the azygos lines, and these connexions 
ultimately form the retro-aortic parts of the left lumbar veins. (4) The supra- 
cardinal veins are laid down lateral to the aorta and lateral to the sympathetic 
trunk and its branches to the preaortic plexuses, which therefore intervene 
between them and the azygos lines. These veins communicate caudally with 
the iliac veins and cephalicaUy with the subpardinal veins in the neighbourhood 
of the preaortic intersubcardinal anastomosis. In addition, the supraoardinal 
veins communicate freely with each other through the medium of the azygos 
lines and the subcentral veins. The most cranial of these connexions, together 
with'the suprasubcardinal and intersubcardinal anastomosis, complete a venous 
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ring around the aorta below the origin of the superior mesenteric artery, termed 
by Huntington and McClure * the ‘‘ re/ml collar ’’ (fig. 197). 

The right supracardinal vein persists and forms the greater part of the 
postrenal segment of the mferior vena cava, the continuity of the vessel being 
maintained by the persistence of the anastomosis between the right supra- 
cardinal and the right sub cardinal in the “ renal collar.” The left supracardinal 
disappears, but the portion of the renal collar ” formed by the left supra- 
subcardinal anastomosis in part persists in the left renal vein. 

The inferior vena cava is therefore formed, from below upwards, by (1) the 
right supracardinal vein, (2) an anastomosis between the right supra- and sub- 


Fig. 199. — A diagram showing the completion of the development of the parietal 

veins. 
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cardinal veins, (3) the right subcardinal vein, (4) a new formation which connects 
' the right subcardinal and the common hepatic veins, and (5) the common 
hepatic vein.f It should be noted that only the supracardinal part of the 
inferior vena cava receives the intersegmental venous drainage, and that the 
postrenal segment of the inferior vena cava is on a plane which lies dorsal to 
the plane of the prerenal segment. On this account the right inferior phrenic, 
suprarenal and renal arteries, which represent persistent mesonephric arteries, 
pass behind the inferior vena cava, while the testicular (or ovarian), which has a 
similar developmental origin, passes in front of it. 

In some animals the right posterior cardinal vein constitutes a large part of the postrenal 
segment of the inferior vena cava. In these cases the right ureter, on leaving the kidney, 
passes medially dorsal to the vessel and then, curving round its medial side, crosses its 
ventral aspect. V ery rarely a similar condition is found in the human subject, and indicates 
persistence of the right posterior cardmal vein and failure of the right supracardinal to play 
its normal part in the development of the vessel. 

Summary of the history of the embryonic abdominal and thoracic longitudinal somatic 
veins. 

(1) The posterior cardinal vein disappears entirely on the left side, but on the right 
side its cephalic end persists and forms the terminal portion of the vena azygos. 

(2) The caudal part of the subcardinal vein is partly incorporated in the testicular (or 
ovarian) vein (McClure and Butler f ) and partly disappears. The cephalic end of the right 
subcardinal vein is incorporated in the inferior vena cava and forms the right suprarenal 

* S. S. Huntington and C. F. W. McClure, Anatomical Record, 1920. 

t For a detailed account, see R. J. Gladstone, Journal of Anatomy, vol. Ixiv. 1929. 

t C. F. W, McClure and E. G. Butler, American Journal of Anatomy, vol. xxxv. 1925. 
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vein. The cephalic end of the left subcardinal vein is incorporated in the left renal vein and 
forms the left suprarenal vein. 

(3) The right supracardinal vein forms the postrenal segment of the inferior vena cava. 
The left supracardinal vein disappears entirely. 

(4) The right azygos line persists in its thoracic portion to form all but the terminal 
part of the vena azygos. Its lumbar part can usually be identified as a small vessel which 

leaves the vena azygos on the body 
of the twelfth thoracic vertebra and 
descends on the vertebral column, deep 
to the right crus of the diaphragm, 
to join the posterior aspect of the 
inferior vena cava at the upper end of 
its postrenal segment. The left azygos 
hne forms the hemiazygos veins. 

(5) The subcentral veins are re- 
sponsible for the formation of the retro- 
aortic parts of the left lumbar veins. 

(6) The later history of the thoraco- 
lumbar lines is uncertain. 

Owing to the rapid develop- 
ment of the head and brain the 
anterior cardinal veins beconae en- 
larged. They are further aug- 
mented by receiving the veins 
(subclavian) from the upper limb 
buds, and so come to form the 
chief tributaries of the ducts of 
Cuvier ; these ducts gradually 
assume an almost vertical position 
in consequence of the descent of 
the heart into the thorax. The 
right and left ducts of Cuvier are 
originally of the same diameter, 
and are frequently termed the 
right and left superior vence caves. 
By the development of a trans- 
verse branch (the left innominate 
vein) between the two anterior 
cardinal veins, the blood is carried 
across from the left to the right 
anterior cardinal (figs. 198, 199). 
The portion of the right anterior 
cardinal vein between the left 
innominate and the azygos vein 
forms the upper part of the 
superior vena cava of the adult ; the lower part of the latter vessel (i.e. below 
the entrance of the azygos vein) is formed by the right duct of Cuvier. Below 
the left innominate vein the left anterior cardinal vein and left duct of Cuvier 
atrophy, the former constituting the upper part of the left superior intercostal 
vein, while the latter is represented by the ligament of the left vena cava and 
the oblique vein of the left atrium (fig. 199). The oblique vein of the left 
atrium passes downwards across the back of the left atrium to open into 
the coronary sinus, which, as already indicated, represents the persistent left 
horn of the sinus venosus. Right and left superior vense cavse are present in 
some animals, and are occasionally found in the adult human being. 

The veTious sinuses of the Aura mater. The following description is based on that given 
by Streeter.* 

The primary blood-vessels of the head consist of a close-meshed capillary plexus which 
is drained by anastomosing loops into a pair of veins, named the primary head veins. Each 
primary head vein (fig. 201, A) begins on the diencephalon, and courses along the side of 
the brain running medial to the trigeminal (semilunar) ganglion and lateral to the auditory 
vesicle ; on reaching the vagus nerve it turns sharply downwards and opens into the duct 

* George L. Streeter, American Journal of Anatomy, vol. xviii. 1915. 


Eig. 200. — Diagram of the constituent parts of 
the inferior vena cava. 
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Fig. 201. — Profile drawings showing the development of the venous sinuses of 
the dura mater in human embryos from 4 mm. to birth. Their adaptation 
to the growth and changes in the form of the brain should be noted. 
A. Embryo of 4 mm . ; B. Embryo of 14 mm. ; 0. Embryo of 18 mm. ; 
D. Embryo of 21 mm. ; E. Embryo of 35 mm . ; F. Embryo of 50 inm. 
crown-rump length ; G. Embryo of 80 mm. crown-rump length ; H. At birth. 
(George L. Streeter.) 
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of Cuvier. The part of the vein which is caudal to the vagus nerve is the anterior cardinal 
vein, the cephalic portion of which forms the internal jugular vein. At a later stage the 
greater part of the original capillary plexus assumes the form of three secondary plexuses 
— ^anterior, middle and posterior (fig. 201, B, G) ; the middle and posterior plexuses each 
open by a single vein into the primary head vein. Some tributaries from the ventral 
part of the head also enter this vein ; the most important of these are the channels from 
the eye-region, and these later become the ophthalmic veins. 

The development of the cranium and of the brain membranes introduces further 
changes : the three main secondary plexuses are largely retained in association with the 
dura mater, while superficial portions are split off to drain the surface of the head, and 
deeper portions are specialized for the drainage of the brain-stem. The next series of 
modifications is largely due to the increase in the size of the internal ear. An anastomosing 
channel between the middle and posterior plexuses forms on the dorsal aspect of the 
auditory vesicle, and the anterior and middle plexuses unite with one another (fig, 201, 
Gy D), A single large vein, which is the commencement of the transverse sinus, drains the 
anterior and middle plexuses into the new anastomosing channel (fig. 201, D). The posterior 
part of the primary head vein, i.e. the part connected with the internal jugular vein, dis- 
appears, but the anterior portion, in the region of the trigeminal nerve, is retained as the 
cavernous sinus, and into this the ophthalmic veins open (fig. 201, D, E)* The original 
stem of the middle plexus, between the new anastomosing chaimel and the primary head 
vein, undergoes atrophy, but later is re-established as the superior petrosal sinus (fig. 201, 
Ey E, G). The inferior petrosal sinus is a new formation, developed from a small plexus 
between the cavernous sinus and the internal jugular vein (fig. 201, F, 0). 

The transverse and sigmoid sinuses at this stage can be recognized as a composite vessel 
derived from (1) the stem of the conjoined anterior and middle plexuses, (2) the anastomos- 
ing channel dorsal to the auditory vesicle, and (3) the stem of the posterior plexus continued 
into the internal jugular vein ; the second and third portions together form the sigmoid 
sinus. 

Between the growing cerebral hemispheres extensions of the anterior and middle 
plexuses of both sides meet and form the sagittal ^hxus, a curtain of capillary veins which 
hangs down in the position of the future falx cerebri. Along the dorsal margin of this 
curtain the superior sagittal sinus is evolved, and this sinus usually joins the right transverse 
sinus ; along the ventral free edge of the curtain the inferior sagittal sinus and the straight 
sinus are formed, the latter passing into the left transverse sinus. When the cerebral 
hemispheres grow backwards they carry with them the sagittal sinus ; the straight sinus 
extends backwards through a plexus in the tentorium cerebelli, and the transference of both 
sinuses is continued until they arrive at their adult positions with their point of junction 
at the confluence of the sinuses. The posterior plexus establishes a secondary connexion 
with the confluence of the sinuses, loses its connexion with the sigmoid sinus, and is retained 
as the occipital sinus. 

The external jugular vein at fbrst drains the region behind the ear (posterior 
auricular) and enters the anterior cardinal as a lateral tributary. A group of 
veins from the face and lingual region converge to form a common vein, termed 
the linguofacial,* which also ends in the anterior cardinal vein. Later, cross 
communications develop between the external jugular and the linguofacial, 
with the result that the posterior group of facial veins is transferred to the 
external jugular vein. The cephalic vein is, for a time, a tributary of the 
external jugular vein, but is later diverted into the axillary vein. 

At first the heart is placed directly under the head and is relatively of large 
size. Later it assumes its position in the thorax, but lies at first in the median 
plane ; towards the end of pregnancy it gradually becomes oblique in direction. 
The atrial portion is at first larger than the ventricular part, and the two atria 
communicate freely through the foramen ovale. In consequence of the 
communication, through the ductus arteriosus, between the pulmonary artery 
and the aorta, the contents of the right ventricle are mainly carried into the 
latter vessel instead of to the lungs, and hence the wall of the right ventricle 
is more muscular than that of the left, a condition which persists throughout 
intra-uterine life. After birth more work is thrown on the left ventricle and 
its walls rapidly become much thicker than those of the right ventricle. 

The foetal circulation and the changes which take place in the circulation 
after birth are described in the section on Angiology. 

The lymphatic system. — ^Two different views are still current as to the initial 
stages in the development of the lymphatic system. According to the view 

* Lewis, American Journal of Ancttomy^ vol. ix. 1909. 
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put forward by Huntington and McClure lymphatic spaces appear as clefts in 
the mesenchyme, and their lining cells take on the characters of endothelium. 
These spaces form capillary plexuses from which certain lymph-sacs, to be 
noted later, are derived. The connexions of the lymphatic with the venous 
system are entirely secondary. According to Sabin, however, the earliest 
lymph vessels arise as capillary offshoots from the endothelium of the 
veins, which form capillary plexuses. These plexuses lose their connexions 
with the venous system and become confluent to form lymph-sacs. The 
balance of the evidence suggests that the lymphatic system originates in- 
dependently of the venous system and only acquires connexions with it at a 
later stage. 

In the human embryo the lymph-sacs from which the lymph vessels are 
derived are six in number ; two paired (the jugular and the posterior lymph- 
sacs) and two unpaired (the retroperitoneal and the cisterna chyli). In lower 


Fig. 202. — A scheme showing the relative positions of the primary lymph-sacs. 
(Based on the description given by Florence Sabin.) 
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mammals an additional pair (the subclavian) is present, but in the human 
embryo these are merely extensions of the jugular sacs. 

The position of the sacs is as follows (fig. 202) : (1) the jugular, the first to 
appear, at the junction of the subclavian vein with the anterior cardinal ; 

(2) the posterior, at the junction of the iliac vein with the posterior cardinal ; 

(3) the retroperitoneal, in the root of the mesentery near the suprarenal glands ; 

(4) the cisterna chyli, opposite the third and fourth lumbar vertebrae. From 
the lymph-sacs the lymph vessels bud out along fixed lines corresponding 
more or less closely with the course of the embryonic blood-vessels, but many 
arise de novo in the mesenchyme and establish connexions with existing vessels. 
In the body- wall and in the wall of the intestine,* the deeper plexuses are the 
first to be developed ; by continued growth of these the vessels in the super- 
ficial layers are gradually formed. The thoracic duct is, phylogenetically, a 
bilateral structure. In man it comprises the caudal part of the right vessel, a 
transverse anastomosis and the cephalic part of the left vessel. Accord- 
ing to Sabin it is formed from anastomosing outgrowths from the jugular 
sac and cisterna chyli. At its connexion with the cisterna chyli it is 
at first double, but the vessels soon join. Numerous valves are laid down 
in the duct during the fifth month, but many of them disappear prior to 
birth. Those which persist are formed in situations where the duct may 

* Heuer, American Journal of Anatom/y, vol. ix. 1909. 
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be subjected to pressure, e.g, where it is crossed by the CBSophagus and the 
aortic arch. 

All the lymph-sacs except the cisterna cyli are, at a later stage, divided 
up by a number of slender connective tissue bridges. Later they are invaded 
by lymphocytes and transformed into groups of lymph glands ; the lymph 
sinuses representing portions of the original cavity of the sac. The lower 
portion of the cisterna chyli is similarly converted, but its upper portion remains 
as the adult cisterna. 


THE DEVELOPMENT OF THE DIGESTIVE AND RESPIRATORY 

APPARATUS 

The digestive tube. — As already indicated (p. 69), the primitive digestive 
tube consists of three parts, viz. : (1) the fore-gut, within the head-fold and 
dorsal to the heart ; (2) the hind-gut, within the tail-fold (fig. 93, A) ; and (3) the 
mid-gut, which is intermediate in position. At first the fore-gut and hind-gut 
end blindly ; the cephalic end of the fore-gut is closed by the buccopharyngeal 
membrane ; the hind-gut ends in the cloaca, which is closed by the cloaca! 
membrane. Both the buccopharyngeal and the cloacal membranes consist of 
ectodermal and entodermal layers in direct apposition with each other without 
the intervention of mesoderm. The wide communication between the mid-gut 
and the yolk-sac is gradually narrowed and drawn out to form the vitello- 
intestinal duct. 

The mouth is developed partly from the stomodaeum, and partly from the 
fioor of the cephalic portion of the fore-gut. By the growth of the head-end 
of the embryo, and the formation of the head-fold, the pericardial area and the 
buccopharyngeal membrane come to lie on the ventral surface of the embryo 
(p. 69). With the further expansion of the brain, and the bulging of the 
pericardium, the buccopharyngeal membrane is depressed between these two 
prominences. This depression constitutes the siomodceum or primitive month 
(fig. 203). It is lined with ectoderm, and is separated from the cephalic end of 
the fore-gut by the buccopharyngeal membrane, which is formed by the apposi- 
tion of the stomodseal ectoderm with the fore-gut entoderm ; at the end of the 
fourth week the membrane disappears, and a communication is established 
between the primitive mouth and the cephalic end of the fore-gut or future 
pharynx. No trace of the membrane is found in the adult ; and the communi- 
cation just mentioned must not be confused with the permanent oro-pharyngeal 
isthmus (isthmus faucium). The lips, teeth, and gums are formed from tlie 
walls of the stomodaeum, but the tongue is developed in the floor of the mouth 
and pharynx. 

The visceral arches grow in a ventral direction and come to lie between 
the stomodasum and the pericardium ; with the completion of the mandibular 
arch and the development of the maxillary processes, the opening of the 
stomodaeum assumes a pentagonal form, bounded on its cephalic side by the 
frontonasal process, caudally by the mandibular arches, and laterally by the 
maxillary processes (fig. 204). With the inward growth and fusion of the 
palatine processes (figs. 127, 129), the stomodaeum is divided into a na^al and 
a buccal part. Along the free margins of the processes bounding the mouth 
cavity a shallow groove appears ; this is termed the primary labial groove, and 
from its floor a downgrowth of ectoderm into the underlying mesoderm takes 
place. Owing to the degeneration of the central cells of this ectodermal 
downgrowth the groove is deepened and a secondary alveolo-labial groove is 
formed, which separates the lips and cheeks from the alveolar processes of the 
maxillae and mandible. 

The salivary glands arise from the epithelial lining of the mouth. The 
parotid gland can be recognised in human embryos 8 mm. long as an elongated 
furrow running dorsally from the angle of the mouth between the mandibular 
arch and the maxillary process^ The groove, which is converted into a tube, 
loses its connexion with the epithelium of the mouth except at its anterior end 
and grows dorsally into the substance of the cheek. The tube persists as the 



THE DEVELOPMENT OF THE TONGUE 163 

parotid duct and its blind end proliferates to form the gland. Subsequently 
the size of the oral fissure is reduced, and the duct opens thereafter on the inside 


Fig. 203. — The digestive tube of a human embryo 2*5 mm. long. 
(Peter Thompson.) 
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of the cheek at some distance from the angle of the mouth. The submandibular 
gland (submaxillary gland) is present in human embryos, 13 mm. long, as an 
epithelial outgrowth from the fioor 

Fig. 204. — The head-end of a human embryo 
in the sixth week. Ventral aspect. (From 


a model by K. Peter.) 


of the alveololingual groove (p. 1 64) . 

It increases rapidly in size by giv- 
ing off numerous branching pro- 
cesses, which later acquire lumina. 

The original connexion with the floor 
of the mouth gradually moves ven- 
trally, as the walls of the groove in 
which it lies come together at its 
dorsal end and the process extends 
ventrally to form the tubular sub- 
mandibular duct (Frazer). The 
sublingual gland arises at the end 
of the second month as a num- 
ber of small epithelial thickenings 
in the alveololingual groove la- 
teral to the submandibular out- 
growth. 

The tongue. — Before the visceral 
arches meet one another at their 
ventral ends, a small median eleva- 
tion, named the tuberculum impar, 
appears in the entodermal floor of 
the pharynx, and it subsequently 
becomes incorporated in the anterior 
part of the tongue. A little later 
two oval lingual swellings appear on 
the entodermal aspect of the man- 
dibular arches. They meet each other in front, and caudally they 
verge on the tuberculum impar, with which they fuse (figs. 205, 206) 
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sulcus forms along the ventral and lateral margins of this elevation and deepens 
to form the alveololingual groove, while the elevation constitutes the anterior 
or buccal part of the tongue. 

Caudal to the tuberculum impar, a second median elevation, termed the 
hyjpobranchial eminence (Frazer) {copula of His), forms in the floor of the 
pharynx, and it receives the ventral ends of the fourth, the third and, later, 
the second visceral arches. A transverse groove separates off the caudal 
portion of the eminence to form the epiglottis, while its ventral portion ap- 


Fig. 205. — The floor of the pharynx of 
a human embryo in the fifth week. 
(From a model by K. Peter.) 
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Fig. 206. — The floor of the pharynx of 
a human embryo at the beginning of 
the sixth week. (From a model by 
K. Peter.) 
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proaches the tongue rudiment, spreading ventrally in the form. of a V, and 
blends with it to constitute the posterior or pharyngeal part of the tongue. In 
the process the third arch elements grow over and bury the elements of the 
second arch, excluding it from the tongue. As a result the mucous membrane 
of the pharyngeal part of the tongue receives its sensory supply from the 
glossopharyngeal, the nerve of the third arch. In the adult the union of the 
, anterior and posterior parts of the tongue is marked by the V-shaped sulcus 

terminalis, the apex of which is 
Fig. 207.— The floor of the pharynx of a human at the foramen csecum, a pit-like 
embryo, about six weeks old. (From a model depression produced at the time 
by K. Peter.) fusion of the constituent parts 

of the tongue, but also marking 
the site of the out-growth of the 
diverticulum which forms the 
thyroid gland. 

At first the tongue consists 
of a mass of mesoderm covered 
on its free surface by entoderm. 
During the second month the 
occipital myotomes migrate from 
their original position on the 
lateral aspect of the myelen- 
cephalon and invade the tongue 
to form its musculature. They 
pass ventrally round the wall of the pharynx to reach its floor and they are 
accompanied, necessarily, by their nerve of supply (the hypoglossal nerve), which 
therefore crosses superficial to both the internal carotid (dorsal aorta) and 
the external carotid arteries. 

The composite character of the tongue is indicated by its adult innervation. 
The anterior or buccal part receives sensory branches from {a) the lingual 
nerve, which is derived from the (post-trematic) nerve of the first arch (man- 
dibular nerve) ; and (6) the chorda tympani, which is the pretrematic nerve 
of the first arch. The posterior or pharyngeal part of the tongue receives its 
innervation from the glossopharyngeal, which is the nerve of the third arch. 
The muscles of the tongue are myotomic in origin and receive their nerve 
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supply from the hypoglossal nerve, which is serially homologous with the 
anterior nerve roots of the spinal nerves. 

The thyroid gland is developed from a median diverticulum, which appears 
about the fourth week in the furrow immediately caudal to the tuberculum 
impar (fig. 205). It grows caudally as a tubular duct, which bifurcates and 
subsequently divides into a series of cellular cords, from which the isthmus and 
portions of the lateral lobes of the thyroid gland are developed. From the 
region of the ventral end of the fourth pharyngeal pouch an entodermal 
diverticulum grows caudally and medially. After losing its connexion with 
the pharnyx, it comes into contact and fuses with the dorsal and medial aspects 
of the lateral portion of the median thyroid rudiment. It constitutes the lateral 
thyroid rudiment and both median and lateral rudiments help to form the 
(lateral) lobe of the adult gland.* The connexion of the median diverticulum 
with the pharynx is termed the thyroglossal duct ; it is obliterated at a very early 
stage, but the site of its connexion 
with the epithelial floor of the 
mouth is marked by the foramen 
caecum. The pyramidal lobe is 
probably a secondary extension 
upwards from the developing isth- 
mxis. Occasionally portions of 
the thyroglossal duct persist and 
give rise to the formation of cysts 
in the median line of the neck. 

The tonsils (palatine tonsils) 
are developed from the parts of 
the second pharyngeal pouches 
which lie between the tongue and 
the soft palate. The entoderm 
lining these pouches grows in the 
form of a number of solid buds 
into the surrounding mesoderm. 

These buds are excavated by 
the degeneration and shedding of 
their central cells, and by this 
means the tonsillar pits (crypts) are formed. Lymphoid cells accumulate 
around the pits, and are grouped to form the lymphoid follicles. A slit-like 
fissure, which cuts into the upper part of the tonsil and is termed the 
intratonsillar cleft, is a remnant of the second pharyngeal pouch. 

The thymus appears in the form of two flask-shaped entodermal diverticula, 
which arise, one on each side, frorii the third pharyngeal pouch (fig. 208). The 
ventral end of each pouch gives origin to a hollow diverticulum which grows 
caudally into the surrounding mesoderm. In front of the aortic sac (p. 147) 
the two thymic rudiments meet and are subsequently united by connective 
tissue, but the rudiments themselves never fuse. The connexion with the 
third pouch is soon lost, but the stalk may persist for some time as a solid, 
cellular cord., By further proliferation of the cells lining the diverticula, solid 
buds are formed, which become surrounded and isolated by the invading 
mesoderm. Lymphocytes penetrate the solid lobules and soon prepon- 
derate over the epithelial elements, which later give rise to the concentric 
corpuscles. 

The thymic rudiment closely resembles the lateral thyroid rudiment in its 
mode of origin. At birth the thymus weighs about 13 grams, and it increases 
in size up to puberty, when it averages 37*52 grams (Hammar). After puberty 
the gland undergoes a slow reduction in size. 

The parathyroid glands are also derivatives of the pharyngeal entoderm. 
After the appearance of the thymic rudiment from the third pharyngeal pouch, 
the epithelium on the dorsal aspect of its neck-like connexion with the pharynx 
differentiates to form the inferior parathyroid gland. Although the connexion 
between the pouch and the phar 3 mx is soon lost, the connexion between the 

* The description of the development of the thyroid gland given here is based on the 
work of G. Louis Weller, jr.. Contributions to Embryology, vol. xxiv. 1933. 


Fig. 208. — A scheme showing the development of 
the branchial epithelial bodies. (Modified from 
Kohn.) 
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thymic and parathyroid rudiments persists for some time, with the result that 
the latter is drawn caudally with the developing thymus. superior 
parathyroid gland develops in a similar manner in association with the bteral 
thyroid rudiment and so may be ascribed to the fourth pharyngeal pouch. 

It is uncertain whether the diverticulum derived from the fifth pouch and 
termed the ultimohranchial body is a distinct entity ; if so, it disappears entirely 

at an early stage. . j . • 

The hypophysis cerebri (pituitary body) consists of an anterior and a posterior 
lobe ; the former is derived from the ectoderm of the stomodseum, the latter 
from the floor of the fore-brain. Previous to the rupture of the buccopharyn- 
geal membrane a pouch-like diverticulum appears in the ectodermal lining of 
the roof of the stomodseum. this diverticulum (pouch of EathJce)^ (fig. 209) is 
the rudiment of the anterior lobe of the hypophysis ; arising immediately 
ventral to the cephalic border of the buccopharyngeal membrane, it extends 
upwards in front of the cephalic end of the notochord, and comes into contact 
with the under surface of the fore-brain. It is then constricted off to form 

Fig. 209 .— Schematic sagittal sections of heads of early embryos to show first stages 
in the development of the h5^ophysis cerebri. 
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a closed vesicle, but remains for a time connected to the ectoderm of the 
stomodaeum by a solid cord of cells. Masses of epithelial cells form on each 
side and in the ventral wall of the vesicle, and by the growth of a stroma 
from the mesenchyme between the masses the development of the anterior 
lobe of the hypophysis is completed. A canal (araniopharyngeal canal) some- 
times runs from the anterior part of the hypophyseal fossa of the sphenoid 
bone to the under surface of the skull, and marks the original position of 
Rathke’s pouch ; and traces of the stomodaeal end of the pouch are occasionally 
present at the junction of the septum of the nose with the palate (Frazer). 
Just behind Rathke’s pouch a hoUow diverticulum grows towards the mouth 
from the floor of the diencephalon. Tliis neural outgrowth forms a funnel- 
shaped sac, the walls of which increase in thickness so as to obliterate the con- 
tained cavity except at its upper end, where it persists as the infundibular recess 
of the third ventricle. Formed in this way the posterior lobe of the hypophysis 
becomes invested by the anterior lobe, which extends dorsally on each side 
of it. In addition, the anterior lobe gives off two processes from its ventral 
wall which grow along the infundibulum and fuse to surround it, coming into 
relation with the tuber cinereum and constituting the tuberal portion of the 
hypophysis. The ori^al cavity of the stomodseal diverticulum remains as a 
cleft and can be identified readily in sagittal sections through the gland in the 
adult. The dorsal wall of the stomodaeal part, which remains thin, fuses 
-with the adjoining part of the posterior lobe and forms the pars rn^ia. In 
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some of the lower animals the posterior lobe contains nerve-cells and nerve-fibres, 
but in man and the higher vertebrates it consists only of neuroglial tissue. 

A small entodermal diverticulum, named SeesseVs fouch^ projects towards 
the brain from the cephalic end of the fore-gut, close to the buccopharyngeal 
membrane. In some marsupials this pouch forms a part of the hypophysis 
but, in man, it disappears entirely. 

The pharynx is formed from the cephalic end of the fore-gut, and the visceral 
arches and pharyngeal pouches play an important part in its development. The 

Fig. 210. — A human embryo of 7 mm. greatest length. Left lateral aspect, 

(From a reconstruction by P. Thompson.) 

Third, aortic arch 



entodermal aspect of the mandibular arch in its dorsal part contributes to the 
formation of the lateral wall of the nasal pharynx in front of the orifice of the 
pharyngo-tympanic (auditory) tube. The ventral end of the first pouch be- 
comes obliterated, but its dorsal end persists and deepens as the head enlarges. 
It remains in close relationship with the ectoderm of the dorsal end of the first 
cleft (p. 97) and, together with the adjoining lateral part of the pharynx and 
dorsal part of the second pharyngeal pouch, constitutes the tubotympanic recess, 
which forms the tympanic cavity and the pharyngo-tympanic tube (p. 131). 
The site of the second arch is partly indicated by the palato -glossal arch, but 
its dorsal end is separated from its ventral end by the forward growth of the 
third arch, which obliterates the intermediate part (Frazer). It is believed 
that the site of the second pharyngeal pouch is represented by the intratonsiUar 
cleft, around which the tonsil is developed. This cleft is sometimes incorrectly 
termed the supratonsillar fossa. The third arch forms the pharyngo-epiglottic 
fold, and its dorsal end takes part in the formation of the floor of the pharyngo- 
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tympanic tube (Frazer). From the third pouch the thymus and the inferior 
parathyroid are developed (p. 165). The ventral ends of the fourth arches fuse 
with the posterior part of the hypobranchial eminence and so contribute to 
the formation of the epiglottis (p. 164). The adjoining portion becomes 
connected to the arytenoid swelling and may be identified in the aryepiglottic 
fold. 

After the caudal portion of the hypobranchial eminence has been separated 
from the dorsal part of the tongue (p. 164), it is in continuity with two linear 
ridges which appear in the ventral wall of the pharynx, the whole forming an 
inverted U, regarded by His as an independent formation and called by him 
the furcula, Frazer identifies these vertical ridges as the sixth arches, placed 
very obliquely owing to the shortness of the pharyngeal fioor compared with 
the greater extent of its roof. The contained groove of the furcula is carried 
downwards on the ventral wall of the fore-gut as the laryngotracheal groove, 
from which the lower part of the larjmx, the trachea, bronchi and lungs are 
developed (p. 179) . At the cephalic end of the groove paired arytenoid swellings 
arise which convert the slit-like upper aperture of the respiratory system into 
a T-shaped opening. The aryepiglottic folds can now be recogm'sed extending 
from the arytenoid swellings to the epiglottis. 

The further development of the digestive tube. — The portion of the fore-gut 
which succeeds the pharynx remains tubular, and is elongated to form the 
oesophagus. About the fourth week the stomach can be recognised as a fusi- 
form dilatation (fig. 211), and beyond this the gut opens into the yolk-sac ; 
this opening is at first wide, but is gradually narrowed into a tubular stalk (the 
vitelline or vitello-intestinal duct), which soon loses its connexion with the digestive 
tube (fig. 210). At this stage the stomach is placed in the median plane, and 
ventrally it is separated from the pericardium by the septum transversum 
(p. 72), which extends on to the cephalic side of the vitello-intestinal duct. 
Dorsally, the stomach is related to the dorsal aorta and, owing to the presence 
of the pleuroperitoneal canals on each side, it is connected to the body wall by 
a short dorsal mesentery, termed the dorsal mesogastrium. This mesentery is 
directly continuous with the dorsal mesentery of the gut. The liver develops 
as a hollow diverticulum from the ventral aspect of the fore-gut and grows 
headwards into the substance of the septum transversum (fig. 211), and it is this 
part of the latter which is sometimes termed the ventral mesogastrium. 

In the human embryo, at the 10 mm. stage, the curvatures of the stomach 
are defined. Growth proceeds more actively along the dorsal border of the 
viscus ; its convexity is notably increased and the rudiment of the fundus 
appears. As a result of the more rapid growth of the dorsal border the pyloric 
end of the stomach is carried ventrally and the concavity of the lesser curvature 
becomes apparent (fig. 210), At this stage the stomach presents right and left 
surfaces, to which the right and left vagus nerves are distributed. 

While these changes are occurring in the stomach, the gut increases in length 
more rapidly than the vertebral column, and forms a U-shaped loop, which 
acquires a dorsal mesentery as it lengthens, and projects into the coelomic 
cavity (fig. 210). The rapidly growing liver and the developing mesonephroi 
encroach on the available space in the coelom so much that the U-loop is 
extruded into the portion of the extra-embryonic coelom which becomes included 
in the umbilical cord (p. 74). This umbilical hernia is a normal condition in 
hurmn embryos between the 10 mm. {sixth week) and the 40 mm. stage {third month) ; 
under abnormal conditions it may be present at birth. 

Partly as a result of the active growth of the fundus and the greater curva- 
ture, and partly influenced by the pressure exerted by the growing liver, the 
stomach becomes displaced to the left and rotated so that its right surface is 
directed dorsally and its left surface ventrally. In this way the omental 
bursa, which was hitherto a simple recess in the dorsal mesogastrium (p. 174), 
comes to lie dorsal to the stomach and may now be termed the lesser sac of the 
peritoneum. 

The rotation of the stomach reacts on the position of the duodenum, which 
is also carried dorsally and to the right. At this stage the duodenum possesses 
a thick mesentery, which is continuous with the dorsal mesogastrium, on the 
one hand, and the mesentery of the U-loop, on the other (fig. 213). At a later 
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through an nngift of 90°, so that the proximal limb lies, to the right and the 
distal limb to the left (fig. 214). This relative position is maintamed so long 
as the hernia persists, but during this period the portion which forms the small 
intestine becomes elongated and coiled, and the mesentery adapts ^^elf to the 
changes in the gut. The coho part of the hernia elongates less rapidly and has 
no tendency to become coiled. By the time the embryo has attained a length 
of 40 mm. (middle of third month), the peritoneal cavity has enlarged sufficiently 
to contain all the abdominal viscera, and the hernia undergoes rapid reduction. 
The mariTiftr in which this occurs is important, for it is at this stage that the 
gut undergoes a process of rotation, which, results in the establishment of 
the very constant relationships which the large intestine shows in the adult, 


Fig 213. ^The abdominal part of the digestive tube and its attachment to the 

* dorsal common mesentery. From a human embryo, six weeks old. (After 
Toldt.) (From KoUmann’s Entwickelungsgeschichte.) 
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including the relation of the transverse colon to the duodenum. The process 
has been analysed by Frazer and Robbins * as follows. So long as the hernia 
is present, the dorsal mesentery forms a median partition extending from the 
dorsal wall to the umbilicus. As the gut re-enters the abdominal cavity the 
coils of the small intestine necessarily enter to the right of this partition and 
they thrust it over to the left, thus determining the position of the descending 
colon. They pass dorsal to the superior mesenteric artery and determine its 
adult relationship to the third part of the duodenum. The csecum is the last 
part to re-enter the abdomen, and it lies at first on the surface of the coils 
of the ileum. The subsequent growth changes soon carry the csecum dorsally 
and to the right, where it lies in contact with the caudal aspect of the liver. 
The portion of the colon which adjoins the caecum now lies ventral to the 
duodenum and the rotation of the gut has been completed. 

As a result of the manner in which the coils of small intestine re-enter the 
abdominal cavity the mesentery of the descending colon is thrust against the 
dorsal abdominal wall and the opposed peritoneal surfaces become adherent 
and are gradually absorbed. In this way the descending colon loses its mesen- 
tery and becomes retroperitoneal. Since this change takes place towards 

* J. E. Frazer and R. H. Robbins, Journal of Anatomy and Physiology, vol. 1. 
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the end of the third month the left colic vessels, whose position on the posterior 
abdominal wall is secondary, must lie in front of such structures as the left 
ureter and testicular or ovarian vessels, which are associated with the posterior 
wall originally. At the same time the proximal part of the colon is carried 
behind the lesser sac, and fusion takes place between the transverse mesocolon 
and the dorsal wall of the sac (fig. 215). During the later months of foetal 
life the caecum descends into the right iliac fossa, and the ascending colon so 
formed loses its mesentery in the same way and with the same results as 
happened in the case of the descending colon. 


Fig. 214. — The trunk of a human embryo 17 mm. long. (After a reconstruction 
by Mall.) (From Quain’s Elements of Anatomy, vol. i., Embryology.) 
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The rectum and anal canal. — With the formation the tail-fold and the 
definition of the hind-gut (p. 71), the body-stalk is carried headwards on to the 
ventral surface of the body, and a bend is formed at the junction of the hind-gut 
and allantoic canal. Caudal to this bend the hind-gut dilates to form a pouch, 
which constitutes the entodermal cloaca ; into its dorsal part the hind-gut opens, 
and from its ventral part the allantoic canal passes into the body-stalk. At a 
later stage the mesonephric (Wolffian) and paramesonephric (Mullerian) ducts 
open into the ventral portion of the cloaca. Over the mid- ventral wall of the 
cloaca the entoderm comes into direct contact with the surface ectoderm without 
the interposition of mesoderm, and this area is termed the cloacal membrane. At 
first it extends on to the dorsal aspect of the body-stalk (fig. 96) but it undergoes 
real shortening (p. 71) and later the distance between it and the umbilicus 
gradually increases owing to the formation of the , lower part of the abdominal 
wall. It should be noted that the cloacal membrane, in which the urogenital 
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and anal orifices subsequently develop, lies in the line of the primitive streak, 
which is carried round on to the ventral aspect of the body by the formation of 
the tail-fold. By the growth of the surrounding tissues the cloacal membrane 
comes to lie at the bottom of a depression, which is lined by ectoderm and 
named the ectodermal cloaca (fig. 216). 

At the time when the mesonephric ducts enter the cloaca its ventral part is 


Fig. 215. — Diagrams to illustrate the development of the greater omentum and 
the transverse mesocolon. 
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wider from side to side than its dorsal part, which remains very narrow. The 
mesoderm outside the line of xmion of these two parts grows rapidly and thrusts 
the entodermal epithelium inwards. As a result the two walls come into apposi- 
tion and fiise. This process commences opposite the connexion of the allantoic 
canal with the cloaca and is continued caudaUy to form a septum, termed the 
urorectal septum, which separates the dorsal segment or rectum fipom the ventral 
segment which forms the urinary bladder and the urogenital sinus. Ab its 


Fig. 216. — ^The tail-end of a human 
embryo, about four weeks old. 
(From a model by Keihel.) 


Fig. 217. — ^The cloaca of a human 
embryo, at the end of the fifth week. 
(From a model by Keibel.) 



caudal end the urorectal septum reaches the cloacal membrane and divides it 
into an anal and a urogenital membrane. Por a time a communication, named 
the cloacal d'mt, exists between the two parts of the cloaca caudal to the urorectal 
septum , this duet occasionally persists as a passage between the rectum and 
the bladder or urethra. By the upgrowth of anal tubercles * the anal parb of 
the cloacal membrane comes to lie at the bottom of a depression, termed the 


* Consult “ Development of the anus in the human 
The American Journal of Anatomy, vol. 59. 


embryo,” by Ellsworth M. Tench, 
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proctodcBum, On the absorption and disappearance of this membrane the 
rectum communicates with the exterior (fig. 218). The lower part of the anal 
canal is formed from the proctodseum, but its upper part is entodermal in origin 
and is derived from the caudal end 
of the dorsal subdivision of the 
cloaca ; the line of union corresponds 
with the edges of the anal valves in 
the adult. A small part of the hind- 
gut projects tailwards beyond the 
anal membrane ; it is named the 
post-anal gut (fig. 210), and usually 
becomes obliterated and disappears.* 

Applied Aruitomy . — ^Abnormalities m 
the development of the digestive tube 
may lead to various disturbances which 
become apparent at birth or shortly after. 

Of these the following are the most com- 
mon : 

The closure of the laryngo-tracheal 
groove (p. 179) may be effected in such a 
way that the oesophagus is divided into 
two portions, viz. an upper, which com- 
municates with the mouth above and 
ends blmdly below in the neighbourhood 
of the tracheal bifurcation, and a lower, 
which communicates below with the stomach and above with the trachea. 

Congenital stricture of the small intestme is usually due to exuberant overgrowth of the 
Hning epithelium and the formation of adhesions. This overgrowth is a normal occurrence 
at one stage in the development of the duodenum, but the lumen is soon restored. 

The umbilical hernia which is found between the 10 mm. and the 40 mm. stage (p. 168) 
may not be reduced and may be present at birth. 

Fig. 219. — Oblique transverse section through a mole embryo, 6 mm. long, at the 
level of the bifurcation of the aorta. (Drawn from a microphotograph.) 


Fig. 218. — The tail-end of a human embryo, 
eight and a half to nine weeks old. (From 
a model by Keibel.) 
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The vitellb-intestinal duct (p. 168) may remain patent as a constituent of the umbilical 
cord or its proximal part may persist as a “ Meckel’s diverticulum,” which may or may not 
be anchored to the umbihcus by a fibrous band. In its simplest form a “ Meckel’s divert- 
iculum ” is a short, sac-hke protrusion from the antimesenteric border of the ileum about 
three feet above the ileo-colic valve. 

Rotation of the gut (p. 170) may fail to occur. In these cases the colon occupies the left, 

* Consult in this connexion : “ A Contribution to the Morphology of the Human Uro- 
genital Tract,” by D. Berry Hart, Journal of Anatomy and Physiology, vol. xxxv. 
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lower portion of the abdominal cavity and has no connexion with the greater omentum : 
the duodenum may be spirally coiled and the superior mesenteric vessels pass either behind 
it or to its left side. 

The csecum may retain its foetal form with an apical vermiform appendix. It may fail 
to descend and is then found in front of the right kidney in close relation to the visceral 
surface of the Mver. Occasionally it lies in the transverse mesocolon. 

The separation of the entodermal cloaca into ventral and dorsal portions may be incom- 
plete. The rectum then opens into the bladder, urethra or vagina and the anus is imper- 
forate. The condition of imperforate anus may occur without other abnormalities. In 
some cases it is due to persistence of the anal membrane (p. 172) ; in others, the colon may 
end blindly, considerably above the level of the pelvic floor. The proctodseum may or may 
not be present. 

On account of its mode of development the anal canal is lined in its lower part by 
modified skin, and in its upper part by mucous membrane which is entodermal in origin. 

Fig. 220. — Transverse section of a human embryo 8 min. long, showing the right 
pneumato-enteric recess, x 50. 
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Abrasions or tears of the wall of the lower part of the anal canal, such as occur in the con- 
dition known as anal fissure, are exceedingly sensitive and their examination causes acute 
pain. On the other hand, lesions of the upper part of the anal canal are never associated 
with pain, either subjective or objective. 

The peritoneum and the omental bursa. — Before the stomach becomes 
rotated, a recess appears in the right side of the dorsal mesogastrium and 
forms a small peritoneal pocket with its mouth opening towards the right. 
This recess is termed the bursa omentalis, but it only corresponds to the inferior 
recess of the lesser sac of the adult.' The recess does not involve the thick 
mesoduodenum, and its mouth extends from the oesophageal end of the 
stomach to the duodenum, occupying the position of the gastro-pancreatic 
folds of the adult. 

A second, smaller recess appears at an early stage in the mesoderm covering 
the right side of the oesophagus (fig. 220). This is the right pneumato-enteric 
recess f and its mouth opens caudally, close to the mouth of the bursa omentalis. 
A similar recess develops on the left side, but it soon becomes closed and leaves 
no trace. The right pneumato-enteric recess becomes extended in a downward 
direction by the hepato-enteric recess which is formed during the growth of the 
right lobe of the liver (fig. 221). In its growth, the upper part of the right lobe 
of the liver invades the lower part of the right wall of the pneumato-enteric 
recess and then ^ows caudally along the line of the inferior vena cava (p. 155). 
A recess which is bounded ventrally by the caudate lobe of the liver is thus 
formed. It is continuous at its cephalic end with the right pneumato-enteric 
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recess and caiidally it communicates with the cephalic part of the bursa 
omentalis. It is now possible to refer to a “ lesser sac ’’ and an aditus to. the 
lesser sac ” (epiploic foramen) (fig. 222), although the caudal boundary of the 


Fig, 221. — Transverse section through the same embryo as fig, 220, but 530jLc more 
caudaUy. Note that rotation of the stomach has taken place and that the 
sinusoidal spaces in the liver communicate freely with one another, x 34. 
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Fig. 222. — Transverse section through the same embryo as fig. 221, but 150ft more 
caudally. Observe that the “ lesser sac ” communicates with the general 
peritoneal cavity, x 34. 
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latter lacks definition until the mesoduodenum has disappeared. The cephalic 
part of the pneumato-enteric recess becomes cut off by the development of 
the diaphragm but sometimes remains as the bursa infracardiaca, a small serous 
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sac which Kes medial to the basal part of the right lung, posterior to the inferior 
vena caval notch. 

As the stomach enlarges the bursa omentalis keeps pace with it, and when 


FiOi 223. — Dia^am to show the fusion of the proxinial part of the dorsal lueso- 
gastrium with the peritoneum on the posterior abdominal wall. Note also the 
conversion of the dorsal mesogastrium into the gastro -splenic and lieno -renal 
ligaments. 
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Fig. 224.— Diagrams to illustrate two stages in the development of the digestive tube 
and its mesentery. The arrow indicates the entrance to the bursa omentalis. 
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the intestines return to the abdominal cavity they come to lie caudal and dorsal 
to its caudal part. The dorsal wall of the cephalic part of the bursa becomes 
pressed against the dorsal abdominal wall and the opposed peritoneal layers 
fuse (fig. 223). Up to this time the dorsal mesogastrium has been attach^ in 
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the median plane, but as the result of the fusion the root of the mesogas- 
trium acquires a new, curved attachment to the dorsal wall From the 
oesophagus this attachment passes tailwards and to the left, giving the gas- ' 
trophrenic and lienorenal ligaments of the adult, and then turns to the 
right and runs somewhat caudally and to the right along the line of the 
pancreas (fig, 215). 

The development of the spleen in the cephalic part of the dorsal meso- 
gastrium (p. 179) subdivides that part of it into a lienorenal and a gastroplenic 
ligament. The caudal part of the dorsal wall of the bursa remains free and 
grows caudaUy overlapping the transverse colon and the underlying coils of 
small intestine, forming the greater omentum. Later the two layers of the 
transverse mesocolon fuse with the overhanging dorsal surface of the greater 
omentum, so that the adult condition is attained (fig. 215). 

The liver arises as a diverticulum from the ventral surface of the fore-gut at 
the point where the latter joins the vitelline duct (fig. 211). This diverticulum 
is lined with entoderm, and grows ventraUy and 
headwards into the septum transversum, giving off 
two solid buds of cells, which represent the right 
and the left lobes of the liver. The solid buds 
of cells grow into columns or cylinders, termed the 
Mpatic cylinders^ which branch and anastomose to 
form a close meshwork. This network invades the 
vitelline and umbihcal veins, and breaks them up 
into a series of capillary-like vessels termed sinusoids 
(Minot), which ramify in the meshes of the cellular 
network (fig. 221). Ry the continued growth and 
ramification of the hepatic cylinders the mass of the 
liver is gradually formed, but its connective tissue 
stroma is derived from included mesenchymal cells 
of the septum transversum. The original diverticu- 
lum from the duodenum forms the bile duct, and 
from its distal part the cystic duct and gall bladder 
arise as a solid outgrowth which later acquires 
a lumen. The opening of the bile duct is at first 
in the ventral wall of the duodenum ; later, it is 
carried to the left across the dorsal (originally right) 
surface of the duodenum to the positibn which it 
occupies in the adult on the medial (or mesenteric) 
border. Tliis migration of the orifice is effected by 
differences in the rate of growth in different parts 
of the walls of the duodenum. 

As the liver imdergoes enlargement, both it and 
the ventral mesogastrium are gradually differentiated 
from the septum transversum ; and from the caudal 
surface of the latter the liver projects tailwards 
into the abdominal cavity. By the growth of the 
liver the ventral mesogastrium is divided into two parts, of which the ventral 
forms the falciform and coronary ligaments and the dorsal the lesser omen- 
tum, About the third month the liver almost fiRs the abdominal cavity, and 
its left lobe is nearly as large as its right. From this period the relative 
development of the fiver is less active, more especially that of the left lobe, 
which actually undergoes some degeneration and becomes smaller than the 
right ; but up to the end of foetal fife the fiver remains relatively larger than in 
the adult. 

The pancreas (figs. 227, 22S). — ^The pancreas is developed in two parts, a 
dorsal and a ventral. The former arises as a diverticulum from the dorsal wall 
of the duodenum a short distance headwards of the hepatic diverticulum, and, 
growing headwards and dorsally in the mesoduodenum, enters that part of the 
dorsal mesogastrium which is forming the dorsal waU of the bursa omentalis. 
It forms the whole of the neck, body and tail of the pancreas and a part of the 
head. The ventral part appears in the form of a diverticulum from the 
primitive bile duct at the spot where the latter opens into the duodenum. 


Fia. 226. — The final dis- 
position of the intestines 
and their vascular rela- 
tions. (Jonneseo.) 



artery. S. Lienal artery. 





178 


EMBRYOLOGY 


This diverticulum is at first double, but the two outgrowths soon fuse, and the 
diverticulum, now a single mass, grows round the gut into the mesoduodenum, 
where it enlarges to form the remainder of the head of the gland.* The 
duct of the dorsal part (accessory pancreatic duct) therefore opens directly into 
the duodenum, while that of the ventral part (pancreatic duct) opens with the 
bile duct. About the seventh week the two parts of the pancreas meet and 


Fig. 226. — The liver with the septum transversum. Human embryo, 3 mm. long. 
? (After a model and figure by His.) 
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fuse, and a communication is established between their ducts. After this has 
occurred the terminal part of the accessory duct, i.e. the part between the 
duodenum and the point of meeting of the two ducts, undergoes little or no 
enlargement, while the duct of the ventral part increases in size and forms 
the, main duct of the gland. The opening of the accessory duct into the 


Fig. 227. — The pancreas of a human em- 
bryo, six weeks old. (Kollmann.) 



Fig. 228. — The pancreas of a human 
embryo, at the end of the seventh 
week. (Kollmann.) 



duodenum is sometimes obliterated, and, even when it remains patent, it is 
probable that the whole of the pancreatic secretion is conveyed through the 
main duct. 

At first the body of the pancreas is directed headwards and dorsally between 
the two layers of the dorsal mesogastrium, in the dorsal wall of the bursa 
omentalis. When this wall fuses with the dorsal parietal peritoneum the 

* F. N. B. Qdgers, Journal of Anatomy, vol. Ixv. October, 1930. 
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process extends tailwards as far as the caudal (inferior) border of the pancreas, 
and thus, in the adult, the gland becomes retroperitoneal. 

The spleen (fig. 213). — ^Although the spleen belongs to the group of ductless 
glands, its development may be conveniently referred to here. It appears 
about the sixth week as a localised thickening of the coelomic epithelium of 
the dorsal mesogastrium in its cephalic portion, and the proliferating cells invade 
the underlying mesenchyme, which has become condensed and vascularised. 
The process occurs simultaneously in several adjoining areas which soon fuse 
to form a lobulated spleen, derived in part from the coelomic epithelium and in 
part from the mesenchyme in the dorsal mesogastrium. As the organ enlarges 
it projects to the left, so that its surfaces come to be covered with the peritoneum 
of the greater sac. When fusion occurs between the dorsal wall of the lesser 


Fig. 229. — The head and neck of a human embryo in the sixth week. Ventral 
aspect. The floor of the mouth and the ventral wall of the pharynx have 
been removed. (His.) 
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sac and the dorsal parietal peritoneum, the process does not extend so far 
to the left as the spleen (fig. 223), which remains connected to the dorsal 
abdominal wall by a short lienorenal ligajnent, while its primitive connexion 
with the stomach forms the gastrosplenic ligament. The earlier lobulated 
character of the organ disappears but is indicated by the presence of notches 
on its upper border in the adult. 

The respiratory organs. — The rudiment of the respiratory organs appears in 
the fifth week as a median laryngo-tracheal groove in the ventral wall of the 
pharynx. The groove deepens and its lips fuse to form a septum, which 
converts the groove into a tube, termed the laryngo4racheal tube (fig. 229), 
which opens into the pharjnix by a slit-like aperture formed by the edges of the 
persistent cephalic part of the groove. The process of fusion commences at 
the caudal end of the groove and extends headwards. The tube is lined with 
entoderm, and from this the epithelial lining of the respiratory tract is 
developed. The cephalic part of the tube forms the larynx, and its next 
succeeding part the trachea, while from its caudal end two lateral outgrowths 
arise and form the right and left luug-huds. The latter are surrounded by 
mesenchyme, from which the connective tissue of the bronchi and lungs is 
developed. ■ 

The first rudiment of the larynx consists of the cephalic end of the laryngo- 
tracheal groove, bounded ventrally by the caudal part of the hypobranchial 
eminence (p. 164) and on each side by the ventral ends of the sixth arch (Frazer). 
Two arytenoid swellings appear, one on each side of the groove, and, as they 
enlarge, they become approximated to each other, and to the caudal part 
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of the hypobranchial eminence, from which the epiglottis is developed. The 
upper aperture of the larynx is at first a vertical slit, which is converted into 
a T-shaped cleft by the enlargement of the arytenoid swellings ; the vertical 
limb of the T lies between the two arytenoid swellings and its horizontal 
limb between them and the epiglottis. Soon after its appearance the epithelial 
walls of the cleft adhere to each other, and the aperture of the larynx remains 
occluded until the third month, when its lumen is regained. The upgrowth 
of the arytenoid swellings and the deepening of the primitive aryepiglottic 
folds form the walls of the vestibule and leave its aperture above the level 
of the primitive aperture, which now corresponds to the level of the glottis. 
The arytenoid swellings are differentiated into the arytenoid and corniculate 
cartilages, and the folds joining them to the epiglottis form the aryepiglottic 
folds in which the cuneiform cartilages are developed as derivatives of the 
epiglottis. The thyroid cartilage is developed from the ventral ends of the 


Fig. 230. — The Ixing-buds from 
a hiiinan embryo, about five 
weeks old, showing com- 
mencing lobulation. (His.) 


Fig. 231. — The lungs of a human embryo 
more advanced in development. (His.) 




cartilages of the fourth and fifth branchial arches ; it appears as two lateral 
plates, each chondrified from two centres and united in the midventral 
line by membrane in which an additional centre of chondrification develops. 
The cricoid cartilage arises from two cartilaginous centres, which soon unite 
ventrally and gradually extend and ultimately fuse on the dorsal surface of 
the tube.* 

The right and left huig-buds make their appearance before the laryngo- 
tracheal groove is converted into a tube. They grow out caudal to the ducts of 
Cuvier, and divide into lobules, three appearing on the right, and two on the left, 
lung-bud ; these subdivisions are the early indications of the corresponding lobes 
of the lungs (figs. 230, 231). The buds undergo further subdivision and ramific- 
ation, and ultimately end in minute expanded extremities — the infundibula of 
the lung. After the sixth month the air-sacs begin to make their appearance 
on the mfundibula in the form of minute pouches. The pulmonary arteries are 
derived from the sixth aortic arches. During the course of their development 
the lungs migrate in a caudal direction, so that by the time of birth the bifur- 
cation of the trachea is opposite the fourth thoracic vertebra. As the lungs 
grow they project into the pleural passages, or parts of the coelom which will 
ultimately form the pleural sacs, and the splanchnic mesoderm enveloping the 
lung rudiment expands on the growing lung and is converted into the pulmonary 
pleura. 


THE DEVELOPMENT OP THE BODY-CAVITIES 

The appearance of the intra-embryonic coelom and the manner in which it 
communicates with the extra-embryonic coelom have already been described 
(p. 66). Prior to the formation of the head- fold the pericardium lies at the 
headward end of the embryonic area and communicates caudally, on each side 
of the median plane, with the rest of the coelom. After the formation of the 

* E. Fawcett, loc. cit. 
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head-fold the pericardium communicates dorsaUy with the pleural passages by 
means of two pleuropericardial canals (fig. 226) ; and the pleural passages open 
caudally into the peritoneal cavity. The duct of Cuvier crosses the lateral 
aspect of the pleuropericardial canal, as it passes ventrally to reach the sinus 
venosus, which is imbedded in the septum transversum (p. 136). 


Fig. 232. — transverse segment through the upper part of the coelom of a human 
embryo, 7*5 mm. long. (KolJmann.) 
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Fig. 233. — Schema showing stages 
in the descent of the septum 
transversum (after Mall). 
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The upper arrow is in the pleuroperitoneal, the lower in the pleuropericardial opening. 

The separation of the pericardial from the pleural cavity on each side is 
effected by the growth of a ridge of tissue (pulmonary ridge of Mall) from 
the mesenchyme associated with the duct of Cuvier as it runs from the body- 
wall to the septum transversum, but the process is influenced by the direction 
in which the developing lung-buds enlarge. 

They project at first into the pleural passage, 
but, as growth proceeds, they extend in a 
lateral direction, caudal to the ducts of Cuvier 
and the pulmonary ridges. As the apical 
part of the lung forms, it does not grow 
headwards in the pleural passage but invades 
the body-wall and ascends on the lateral 
aspect of the duct of Cuvier. The pleuro- 
pericardial canal still lies medial to the 
vessel, which intervenes between it and 
the developing apical part of the pleural 
sac. It is reduced to a narrow slit, which 
is soon obliterated by the apposition of its 
walls (fig. 183). 

In addition to its extension in a head- 
ward direction the lung enlarges ventrally 
and medially, and the pleura is therefore 
carried into the body-wall over the surface 
of the pericardium, thus separating it from 
the lateral thoracic walls (fig. 235). 

The separation of the pleural and peritoneal 
cavities from each other is effected on each side 
by the formation of a pleuro-peritonealfold or 
membrane. This fold is commonly described as an active ingrowth from the body- 
wall, but it may be attributed to the influences exerted by the growing lung-bud 
and the growing liver. As the latter enlarges, it projects into the peritoneal cavity 
and acquires, on each side of its connexion with the septum transversum, a 
cephalic peritoneal- covered surface. At the same time the body -wall is growing 
rapidly in order to provide the increase in the diameters of the trunk rendered 
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necessary by the growth of the liver. Just as the enlargements of the lung head- 
wards and ventrally were effected by a process of burrowing into the body- wall, 
so its caudal enlargement is effected in the same way. The expanding and 


Fig. 234. The upper part of the coelom of a human embryo of 6-8 mm. long. 
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elongating lung-base grows into the body- wall and its peripheral part becomes 
separated from the peritoneal-covered right (or left) lobe of the liver by a 
crescentic fold of body-wall, which constitutes the pleuroperitoneal fold or 
membrane. On each side the free, inner edge of this fold forms the dorsilateral 


Fig, 235. — A diagram of a transverse section through a rabbit embryo. 
(After Keith.) 



boundary of the communication between the pleural sac and the peritoneal 
cavity, the other boundaries being formed by the dorsilateral part of the septum 
transversum and the lateral aspect of the dorsal mesentery of the caudal end 
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of the oesophagus. On the right side the mass of the right lobe of the liver 
blocks the communication and renders easy the approximation of the boun- 
daries of the opening. Closure therefore occurs earlier on the right than on 
the^ left side, where the position is complicated by the fact that the left lobe 
of the liver is smaller, and the left suprarenal gland, which projects at 
first into the caudal part of the left pleural sac dorsimedially, occupies the 
rest of the gap. It is therefore on the left side that an abnormal com- 
munication between the pleural and the peritoneal cavities most frequently 
is found. The further development of the peritoneal cavity has already been 
described (p. 174). 

While these changes are in progress, the septum transversum undergoes a 
progressive alteration in position. In a human embryo, 2 mm. long, the dorsal 
border of the septum transversum lies opposite the second cervical segment, 
but as the embryo grows, and the heart enlarges, it migrates in a caudal direc- 

Fig. 236. — Diagram to show the elements which contribute to the formation of the 
diaphragm. (After Broman.) (Quain’s Anatomy, XI edition, vol. i.) 



1, part derived from septum transversum ; 2 and 3, parts derived from the dorsal mesentery ; 

4, parts derived from the pleuroperitoneal membranes ; 5, parts derived from the body-wall. 

tion. At first the ventral border moves more rapidly than the dorsal border, 
but after the embryo has attained a length of 5 mm. it is the dorsal border 
which migrates more rapidly (fig. 233). When the dorsal border of the septum 
transversum lies opposite the fourth cervical segment, the phrenic nerve 
{G 3, 4 and 5) and portions of the corresponding myotomes grow into it and 
accompany it in its later migrations. It is not imtil the end of the second 
month that the dorsal border of the septum transversum comes to lie opposite 
the last thoracic and first lumbar segments, the position which is occupied by 
its derivative, the diaphragm, in the adult. 

The development of the diaphragm . — The closure of the pleuroperitoneal 
openings completes a mesodermal partition which separates the thoracic from 
the abdominal viscera and occupies the position of the diaphragm in the adult. 
This partition has a composite origin ; its ventral and median portion is derived 
from the septum transversum, its dorsal portion from the dorsal mesentery, 
and its dorsilateral portions from the pleuroperitoneal folds. According to 
Broman the lateral body- wall makes a mesodermal contribution to the partition 
along the outer margins of the pleuroperitoneal folds and the septum trans- 
versum. Premuscle tissue, derived principally from the fourth cervical 
myotome, invades the septum transversum as already described and from this 
position extends into the rest of the partition, giving rise to the muscular 
diaphragm (fig. 236). 


THE DEVELOPMENT OF THE UROGENITAL ORGANS 

The excretory and reproductive organs are developed from the mesoderm 
of the intermediate cell-mass (p. 65) and they are intimately associated with 
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one another, especially in the earlier stages of their development. The excretory 
organs are noteworthy in that three distinct sets of them appear in the course 
of development, viz. : the pronephros, the mesonephros and the metanephros. 
The pronephros disappears entirely, but its duct persists and becomes the duct 
of the mesonephros. Most of the mesonephros undergoes degenerative changes 
and disappears, but some of its tubules play an important part in connexion 


Fig. 237. — transverse section through a ferret embryo. (A. Robinson.) 
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with the male sexual gland. The metanephros is the last to appear, and it 
persists as the permanent kidney. 

The pronephros is a very rudimentary and transient organ in the human 
embryo ; it begins to appear in embryos of 1*7 mm. length and, as a rule, with 
the exception of its duct, no trace is left by the time the embryo has attained 
a length of 5 mm. It is found in the intermediate cell-mass of the seventh 

to the fourteenth segments (lower 

Fio. 238.-Diagram of a pronephric segment, cervical and upper thoracic regions) 

and consists of six or seven hori- 
zontal tubules, which usually show 
a distinctly segmental character. 
The tubules open into the dorsal 
part of the coelom by means of 
nephrostome canals, while their 
originally blind ends turn caudally 
and link up with one another to 
form a longitudinal duct, termed 
the pronephric or 'primary excretory 
duct. Medial to the opening of the 
nephrostome canal the coelomic epi- 
thelium shows a small tuft-like 
protrusion into which the aorta 
sends one of its lateral branches, con- 
verting it into an external glomerulus 
(fig. 238). A typical pronephric tubule shows a localised dilatation, termed 
the nephrocoele, into which, in some animals though not in man, internal 
glomeruli project. 

The primary excretory duct lies immediately under the surface ecto- 
derm and grows tailwards, curving ventrally to reach the side of the 
entodermal cloaca, into which it opens in 4*3 mm. embryos. Caudal to the 
’ tenth segment the duct grows tailwards more rapidly than the process of seg- 
mentation. The mesoderm into which it extends is in line with the intermedi- 
ate cell-mass and forms an unsegmented column, termed the nephrogenic cord. 

The mesonephros (Wolffian body), which succeeds the pronephros, differs 
from it in two important particulars ; {a) such nephrostomes as may develop 
are few in number and transitory, and they never establish connexions with 
the mesonephric tubules ; (h) the glomeruli are all internal and secrete directly 
into the tubules. 


(After Felix.) 
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Fig. 239. — Diagram showing stages 
in the development of the tubules 
and Malpighian corpuscles of the 
mesonephros. (After Felix.) 


The mesonephros extends from the sixth cervical segment to the third 
lumbar so that its cephalic end overlaps the caudal end of the pronephros. 
The organ occupies the greater part of the nephrogenic cord, lying medial to the 
primary excretory duct. It consists of about seventy to eighty tubules and 
a corresponding number of internal glomeruli, which are not segmental in their 
arrangement. All of these tubules, however, are not present at the same time, 
and it is rare to find more than thirty to forty in any individual embryo, for 
the cephalic tubules and glomeruh atrophy and disappear before the develop- 
ment of those which are situated more caudally. Each tubule first appears 
as a solid mass of cells, which later becomes hollowed in the centre (fig. 239) ; 
one end grows towards and finally opens 
into the primary excretory duct, which thus 
becomes the mesonejfihric (Wolf&an) duct, 
while the other end becomes dilated and 
is invaginated by a tuft of vessels derived 
from a lateral branch of the aorta, the 
whole constituting an internal glomerulus. 

By the end of the sixth week the mesonephros 
forms an elongated, spindle-shaped organ, 
which projects into the coelomic cavity on 
each side of the dorsal mesentery, from the 
septum transversum to the third lumbar 
segment. This proj ection is termed the meso- 
nephric ( Wolffian) ridge (fig. 221), and the 
genital glands are developed on its medial 
surface. 

In fishes and amphibians the mesonephros 
persists and forms the permanent kidney, 
but in reptiles, birds and mammals it is 
replaced, as the principal excretory organ, 
by the metanephros. In both sexes the 
cephalic end of the mesonephros atrophies 
and disappears, and in embryos of 20 mm. 
length the organ is found only in the first 
three lumbar segments, although it may still 
possess as many as twenty-six tubules. Of 
these tubules the cephalic six to twelve 
persist to form the efferent ducts of the testis, 
in the male, and the tubules of the epo- 
ophoron in the female ; the caudal tubules 
form the ductus aherrans and the paradidymis, in the male, and the paroophoron, 
in the female. 

The mesonephric duct runs tailwards in the lateral part of the mesonephric 
ridge and, at the caudal end of the mesonephros, is projected into the cavity of 
the coelom in the free border of a mesodermal fold (fig. 241). As the ducts 
approach the urogenital sinus the two folds fuse with each other, between the 
bladder ventraUy, and the rectum, dorsally, forming a transverse partition 
across the cavity of the pelvis which is termed the genital cord (fig. 242). In the 
male the peritoneal fossa between the bladder and the genital cord becomes 
obliterated, but it persists in the female as the uterovesical pouch. The 
mesonephric duct itself becomes the canal of the epididymis, the vas deferens 
(ductus deferens) and the ejaculatory duct in the male, and it later gives rise to 
a diverticulum which forms the seminal vesicle. In the female it constitutes 
the horizontal duct of the epoophoron. 

The metanephros, or permanent kidney, has a twofold origin. At about the 
5 mm. stage an outgrowth forms from the dorsal and medial aspect of the meso- 
nephric duct, near the point at which it opens into the cloaca. This outgrowth 
is the ureteric diverticulum, and it travels dorsally at first and then inclines 
headwards. Its blind extremity, which grows into the caudal end of the 
nephrogenic cord, becomes expanded and the adjoining mesoderm condenses 
around it to form the metanephrogenic cap (fig. 240). The stalk of the ureteric 
diverticulum becomes the ureter, and its expanded end gives origin not only 



In A the tuhule is a solid epithelial mass 
having no connexion with the primary ex- 
cretory duct. In B it has acquired a lumen 
and is in contact with the duct. In D it 
has opened into the duct, while its opposite 
extremity has been inva^nated by a vas- 
cular tuft (not shown in the diagram) 
and has been converted into a Malpighian 
corpuscle. 
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to the pelvis of the ureter and the calyces but also to the collecting tubules of 
the kidney. The secreting and convoluted tubules and the renal corpuscles 
are all derived from the metanephrogenic cap. As a result, the blind ends of 
the secreting tubules must establish communication with the blind ends of the 
collecting tubules ; should they fail to do so, congenital cysts of the kidney 
will be formed. 

The expanded extremity of the ureter gives origin to four collecting tubules 
of the first order and itself forms the primitive renal pelvis. Each of tliese 
tubules ends in an ampuUated extremity, which gives rise to collecting tubules 
of the second order. These, in turn, give rise to collecting tubules of the third 
order, and so on. In some animals the four collecting tubules of the first order 
are taken into the renal pelvis, which then presents a single renal papilla and 
no subdivision into calyces. In man, however, the collecting tubules of the 


Fig. 240. — The primitive kidney and the bladder, from a reconstruction. (After 
Schreiner.) (From Quain’s Elements of Anatomy, vol. i., Embryology.) 



first and second order persist and constitute, respectively, the major and minor 
calyces, while the tubules of the third and fourth orders are taken into the 
minor calyces which, therefore, directly receive the openings of the collecting 
tubules of the fifth order. 

When it first appears the rudiment of the kidney lies in the pelvic region, 
but, as the ureteric outgrowth lengthens, it grows headwards and, by the time 
the embryo has attained a length of 13 mm., its expanded pelvis lies on a level 
with the second lumbar vertebra. During this period the developing kidney 
receives its blood-supply from arteries in its immediate neighbourhood, the 
middle sacral and common iliac arteries, but the definitive renal artery is not 
recognisable until the beginning of the third month. It arises from the most 
caudal of the three suprarenal arteries, all of which represent persistent 
mesonephric or lateral splanchnic arteries (p. 150). Additional renal arh^ries 
are. by no means uncommon. They may enter at the hilum or at the upper 
or lower pole of the gland, and they also represent persistent mesonephric 
arteries. 

At an early stage the kidney is a lobulated organ, a condition which persists 
throughout foetal life and only disappears after birth. 

The ureter undergoes little alteration, save that it grows in length in con- 
formity with the embryo. Two fusiform enlargements appear subsequently, 
one affecting its lumbar and the other its pelvic portion. The lumbar enlarge- 
ment appears during the fifth month, but the pelvic enlargement does not 
develop until the ninth month and is not constant. As a result the ureter 
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shows a constriction at its upper end and another as it crosses the brim of the 
pelvis. A third constriction is always present at its lower end, and is caused 
by the growth of the bladder wall. 

At first the ureter is connected to the dorsal and medial aspect of the 


Fig. 24] . — Transverse section through, the lower abdomen of a human embryo, 
nine weeks old, to show the connexions and relative positions of the structures 
derived from the Wolffian ridge. 
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Fig. 242. — Transverse section through the pelvic part of a human embryo, to 
show the formation of the genital cord and the inguinal folds. (From 
Qiiain’s Elements of Anatomy, II edition, vol. i., Embryology.) 
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mesonephric duct but, owing to differences in rate of growth, it comes to be 
connected to the lateral aspect of that structure. Thereafter the caudal end 
of the mesonephric duct becomes incorporated in the developing bladder and the 
orifice of the ureter opens into the bladder on the lateral side of the opening 
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of the duct. Later the two orifices become separated still further and, although 
the ureter retains its point of entry into the bladder, the mesonephric duct opens 


Fig. 243. — Transverse section through the pelvis of a nine weeks old human 
embryo, male, showing the approximation of the genital cord to the dorsal 
wall of the urogenital sinus. 



Fig. 244. — ^The urogenital sinus of a female 
human ..embryo, eight and a half to nine 
weeks old. (From a model by Keibel.) 


Paramesonephric ducts 


into that part of the urogenital sinus which subsequently becomes the prostatic 
urethra. 

The paramesonephric (Mullerian) ducts, which are destined to play a very 
important part in the development of the reproductive system in the female, 
do not develop until the embryo reaches a length of 10-12 mm. (sixth week). 

Each commences as a groove-like in- 
vagination of the coelomic epithelium 
on the dorsilateral aspect of the meso- 
nephric ridge near its cephalic end, 
and its blind end grows tailwards as 
a solid rod of cells which acquires a 
lumen as it lengthens. Throughout 
the extent of the mesonephros it 
lies on the lateral side of the meso- 
nephric duct. At the caudal end of 
the mesonephros, which it reaches in 
the eighth week, it bends medially 
(fig. 248, I.) and crosses ventral to 
the mesonephric duct to enter the 
genital cord (fig. 242), where it bends 
caudally in close apposition with its 
fellow of the opposite side. The two 
ducts reach the dorsal wall of the 
urogenital sinus during the third 
month, and their blind ends produce 
an elevation on it termed the Mullerian tubercle or eminence (fig. 244). Each 
paramesonephric duct consists of an upper vertical, an inl^rmediate hori- 
zontal, and a lower vertical portion. The upper vertical part forms the 
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uterine tube, and the original coelomic invagination remains as the pelvic 
opening of the tube, the fimbriae becoming defined as the cephalic end of the 


Fig. 245. — longitudinal section of the ovary of a cat embryo, 9*4 cm. long. Schematic. 
(After Coert, from Hertwig’s Handbueh der EntwickelungslehJe.) 



mesonephros degenerates. The lower vertical parts of the two ducts fuse with 
each other to form the uterovaginal caTtaZ, and as the uterine section enlarges it 

Fig. 246. — A section through a testis cord of the testis of a human 
embryo 3-5 cm. long. (Felix and Biihler.) 



takes in the horizontal parts to form the fundus and most of the body of the 
adult uterus. 
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The caudal end of the uterovaginal canal becomes occluded by the prolifera- 
tion of its lining epithelium, -which gives rise to the formation of a central and 
two lateral vaginal bulbs.* These solid epithelial masses extend tailwards, 
increasing the size of the area of contact of the vagina with the urogenital sinus 
and forming a conspicuous projection on the dorsal wall of the latter. The 
vagina grows much more rapidly than the surrounding parts and, owing to the 
way in which its caudal end enlarges and encroaches on the dorsal wall of the 
urogenital sinus, that structure becomes definitely shortened. The vaginal 
invagination, covered on the one hand by sinus epithelium and on the other by 
vaginal epithelium, constitutes the hymen, and it later breaks down centrally 
to form the hymeneal orifice. 

In the male the paramesonephric (Miillerian) duct atrophies, but a vestige 
of its cephahc end persists as the appendix testis. The fused terminal portions 
of the two ducts (fig. 243) form the prostatic utricle, which opens into the floor of 
the prostatic part of the urethra. 

The genit^ glands. — The first indication of the formation of the genital 
gland is the appearance of an area of thickened epithelium on the medial side 


Tig. 247.— a section through the ovary of a new-born child. (Waldeyer.) 



of the mesonephric ridge in the fifth week. Elsewhere on the surface of the 
ridge the coelomic epithelium is one or two cells thick, but over the genital area 
it is many layered. The thickening rapidly extends in a longitudinal direction 
until it covers nearly the whole of the medial surface of the ridge. The thickened 
epithelium continues to proliferate, displacing the Malpighian corpuscles of 
the mesonephros in a dorsilateral direction, and forming a projection into 
the coelomic cavity which is termed the genital ridge. Surface depressions 
form along the limits of the ridge, which is thus connected to the meso- 
nephros by an originally broad mesogenitale. In this way the mesonephric 
ridge becomes subdivided into a lateral part, containing the mesonephros 
and the mesonephric (Wolfldan) and paramesonephric (Mullerian) ducts, 
which is termed the mesonephric fold, and a medial part, termed the genital 
foU (fig. 241). 

Up to the seventh week the genital gland possesses no differentiating 
features. The epithelium proliferates and sends a number of cellular cords into 
the underlying mesoderm of the mesonephric ridge. In the male all the progeni- 
tors of the definitive sex cells are to be found in the cords, but in the female a 
large number remain behind in the surface epithelium. An ingrowth of mesen- 
chyme occurs at this stage in the male, cutting off the testis cords from the 
surface and rapidly thickening to form the tunica albuginea. In the female this 

* J*. Ernest Frazer and Alice Bloomfield, Journal of Anatomy, vol. Ixii. See aUo Arthur 
K, Koff, Contributions to Embryology, vol. xxiv. 1933. 
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mesenchymal ingrowth is much less obvious and offers a feature wliich serves 
to distinguish the testis from the ovary. 

The testis. — The cellular cords enlarge and their inner ends converge to- 
wards the site of the hilum, where they unite in a network which ultimately 
becomes the rete testis. The outer parts of the testis cords become the sem- 
iniferous tubules, but certain epithelial derivatives occupy the intervals between 
the cords and subsequently form the interstitial cells. The cords of the rete^ 


Fig. 248. — Diagrams to show the development of the male and female generative 
organs from a common type (after Allen Thomson). I. The condition in the 
embryo at the beginning of the third month. II. The female type of sexual 
organs. III. The male type of sexual organs. 

The paramesonephric duct and its derivatives are shown in blue ; the 
mesonephros, its duct and their derivatives are shown in red. The broken 
blue and red lines indicate that the structures shown normally disappear. 
The paradidymis is shown in III., but is not labelled. 



A. ei?. Appendix of epididymis. A. <. Appendix testis. Bladder. C. Cloaca. 2? A. Ductus deferens. 

Epd. Epididymis. E.d. Ejaculatory duct. Bp. Epoophoron. O.tk Genital cord. 0.d. Duct of epoophoron. 
Q.t. Gubernaculum testis. Gb. Gubemaculum. M. Mesonephros. Md. Paramesonephric duct. 
0. Ovary. 0.1. Ovarian ligament. P. Paroophoron. Pr. Prostate. P.u. Prostatic utricle. R. Rectum. 
U.l, Round ligament of uterus. S.g. Sexual gland. jS.®. Seminal vesicle. JJ. Ureter. Ur. Urethra. U.8. 
Urogenital sinus. U. Uterus. U.t. Uterine tube. V, Vagina. W.d. Mesonephric duct. 


testis become connected to the five to twelve persisting cephalic tubules of the 
mesonephros (p. 185), which constitute the efferent ducts of the testis. The 
seminiferous tubules do not acquire lumina until the seventh month, but the 
rete tubules acquire theirs at a somewhat earlier stage. 

According to the above description the rete testis is derived from the 
epithelium of the genital ridge, but the view is widely held that the rete testis 
is derived from outgrowths from the tubules of the mesonephros or from the 
capsules of the Malpighian corpuscles, and becomes secondarily connected to 
the testis cords. However this may be, it is clear that the seminiferous tubules 
are brought into communication with the cephalic end of the mesonephric duct 
through the five to twelve most cephalic of the persisting tubules, which be- 
come exceedingly convoluted and form the lobules of the head of the epididymis. 
The mesonephric duct, which was the primitive ureter of the mesonephros, 
becomes the canal of the epididymis and the vas deferens of the testis. 
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The ovary. — The cellular cords, which appear in the indifferent stage of the 
genital gland, are termed the medullary cords of the ovary, and the sex cells 
which they contain, proliferate and develop into oocytes, but although these 
oocytes undergo the initial changes leading to maturation, they never form 
mature ova. It is said that all the sex cells derived from the medullary cords 
undergo degenerative changes and disappear. A second invasion of the under- 
lying mesenchyme now occurs, and new cords grow in from the surface epi- 
thelium. All the sex cells are included in this new ingrowth, and the ova 
become separated from one another by an irregularly arranged growth of 
connective tissue. Each ovum assumes a covering of connective tissue cells, 
and in this way the rudiments of the ovarian follicles are formed. 

It is generally believed that the primary sex cells or gonocytes are differenti- 
ated at an early stage in the development of the embryo, and that, prior to 
the appearance of the genital ridge, they are situated in the wall of the yolk-sac 
at the margins of the embryonic area. From this position they migrate to the 
root of the dorsal mesentery and thence to the genital ridge. Arrived at their 
destination the primary sex cells lose all their characteristic features, and 
become indistinguishable from the neighbouring cells of the coelomic epithelium. 
Probably the definitive sex cells are derived partly from the primary sex cells, 
•and partly from the epithelial cells. 

The descent of the testis. — At first the testis lies on the dorsal abdominal 
wall, but, as it enlarges, its cephalic end degenerates, and the whole organ there- 
fore assumes a more caudal position. The testis is attached to the mesonephric 
fold by a peritoneal fold, termed the mesorchium (fig. 241) (the mesogenitale of 
the undifferentiated genital gland), which contains the testicular vessels and 
nerves together with a quantity of undifferentiated mesenchyme. In addition, 
it acquires a secondary attachment to the ventral abdominal wall, which has 
a considerable influence on its subsequent movements. At the point where it 
bends medially to form the genital cord (p. 185), the mesonephric fold becomes 
connected to the lower part of the ventral abdominal wall by a fold of peri- 
toneum which is termed the inguinal fold (fig. 242). The mesenchymal cells 
included in the inguinal fold form a cord, which extends from that part of the 
skin which later forms the scrotum, through the inguinal fold and the mesor- 
chium to the lower pole of the testis. This cord later becomes a fibromuscular 
bundle and is termed the gubemaculum testis. It traverses the site of the future 
inguinal canal, which is formed around it by the muscles of the abdominal wall 
as they become differentiated. At the end of the second month the caudal part 
of the ventral abdominal wall is horizontal but, after the return of the intestines 
to the peritoneal cavity (p. 170), it grows in length and assumes a vertical 
position. As a result the umbilical artery pulls up a sickle-shaped peritoneal 
fold, as it runs ventraUy from the dorsal to the ventral wall, and this fold forms 
the medial boundary of a peritoneal fossa into which the testis projects. This 
fossa is termed the saccus vaginalis and its lower end protrudes down the 
inguinal canal along the gubemaculum, forming the 'processus vaginalis. The 
lower pole of the testis is retained in apposition with the deep inguinal ring by 
the gubemaculum until the seventh month, when it suddenly and rapidly 
passes through the inguinal canal and gains the scrotum. As it descends 
it is necessarily accompanied by its peritoneal covering and the adjoining 
peritoneum from the iliac fossa is drawn down into the processus vaginalis. 
The distal end of the processus vaginalis, into which the testis projects, 
forms the tunica vaginalis testis, but the portion associated with the sper- 
matic cord in the scrotum and in the inguinal canal normally becomes 
obliterated. 

The actual cause of the descent of the testis is still uncertain. It has been 
ascribed, by different investigators, to shortening and active contraction of 
the gubemaculum, to increased intra-abdominal pressure, to a simple growth 
process, and to the effect on the convex surface of the gland of the active con- 
traction of the lower fibres of the internal oblique muscle, which squeezes it 
through the canal. 

Various abnormalities may occur in connexion with the descent of the testis and the 
obhteration of the processus vaginalis. The testis may be retained in the abdomen, or it 
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may fail to reach the scrotum and may then lie in any of the following situations : — (1) in 
the perineum, (2) at the root of the penis, (3) at the superficial inguinal ring, (4) in the 
upper part of the thigh. These malpositions are associated with certain additional con- 
nexions of the bundles of the gubemaculum testis. The largest bundle normally passes to 
the scrotum and smaller bundles gain attachment to the perineum, the root of the penis, 
the pubis, the inguinal ligament, and the neighbourhood of the saphenous opening 
. (fossa ovalis). The testis must follow the processus vaginalis and, should the latter for any 
reason follow any but the scrotal bundle of the gubemaculum, malposition of the testis 
will result. 

The processus vaginalis may remain completely patent, or its obliteration may be 
incomplete. When it retains a connexion with the general peritoneal cavity it provides 
a preformed sac for a potential oblique inguinal hernia. It may be occluded at its upper 
end and may be shut off from the tunica vaginalis and yet remain patent in the intervening 
section. The patent portion may become distended with fluid, constituting an encysted 
hydrocele of the spermatic cord. 


The descent of the ovary, — Like the testis, the ovary lies at a lower level in 
the adult than it does in the early months of foetal life, but it does not leave the 
pelvis to enter the inguinal canal save under abnormal conditions. Connected 
to the medial portion of the meso- . ^ 

Fig. 249 --^A transverse section through a 
human embryo, eight and a half to nine 
weeks old. (From a model by Keibel.) 
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nephric fold by the mesovarium, 
which is homologous with the 
mesorchium, the ovary is also 
attached to the ventral abdominal 
wall through the medium of the 
inguinal fold. In this fold the 
fibro-muscular gubemaculum de- 
velops and, as it traverses the 
mesonephric fold, it acquires an 
additional attachment to the 
cornu of the uterus ; its lower por- 
tion forms the round ligament of 
the uterus and its upper part the 
ligament of the ovary, these two 
structures together being homolog- 
ous with the gubemaculum testis 
in the male. This new attach- 
ment serves to anchor the ovary 
and to restrict its movements. 

At first the ovary is attached to 
the medial side of the mesonephric 
fold, but owing to the way in 
whicli the two mesonephric folds 
unite to form the genital cord 
(p. 185) it is found connected to the posterior layer of the broad ligament of 
the uterus in the adult. 

The saccus vaginalis forms in the female as in the male ; its prolongation 
into the inguinal canal, which is termed the canal of NucJc, normally undergoes 
complete obliteration, but it may remain patent and form the sac of an oblique 
inguinal hernia. At birth the ovary and the corresponding end of the uterine 
tube lie in the false pelvis, and they do not sink down into the true pelvis until 
it enlarges sufiflciently to contain both them and the bladder together with the 
other pelvic viscera. 

The urinary bladder is formed partly from the entodermal cloaca and partly 
from the ends of the mesonephric (WolflSian) ducts. After the separation of the 
rectum from the cloaca (p. 171), the ventral part of the latter becomes sub- 
divided into three portions : (1) a cephalic vesico-urethral portion^ continuous 
with the allantoic canal — ^into this portion the mesonephric ducts open ; (2) a 
middle, narrow channel, the pelvic portion ; and (3) a caudal, broad, phallic 
portion, closed externally by the urogenital membrane (fig. 252). The second 
and third parts together constitute the urogenital sinus. The vesico-urethral 
portion incorporates the caudal ends of the mesonephric ducts and the associated 
ends of the ureteric diverticula, and these give rise to the trigone of the bladder 
and part of the prostatic urethra. The remainder of the vesico-urethral portion 
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forms the body of the bladder and part of the prostatic urethra ; its apex is 
prolonged to the umbilicus as a narrow canal. In postnatal life the urachus 
is drawn downwards as the bladder descends, but its blind upper end remains 
connected to one or both of the obliterated umbilical arteries. Its lumen is 
retained throughout life, and its lower end frequently communicates with the 
bladder near its vertex.* 

The prostate arises during the third month as a number of outgrowths from 
the proximal part of the urethra. These outgrowths, some fourteen to twenty 


Fig. 250. — The tail-end of a human embryo, about thirty-five days old. 
(From a model by Keibel.) 



in number, arise mainly from the lateral aspects of the tube, but some develop 
from its dorsal aspect and a few from its ventral aspect. Most of these oxit- 
growths occur caudal to the orifices of the mesonephric (Wolf&an) ducts, but 
about one-third occur on the cephalic side. The outgrowths, which are at first 
solid, become tubular and invade the surro 
differentiated into muscular tissue. 

Similar outgrowths occur in the female, but they remain in a rudimentary 
condition and form the para-urethral ducts. 

The bulbo-urethral glands in the male, and greater vestibular glands in the 
female, arise as diverticula from the epithelial lining of the urogenital sinus. 



The external organs of generation.— These organs, like the genital glands, 
pass through an indifferent stage before it is possible to recognise distinguishing 
sexual characters. A surface elevation, termed the genital or doacal tubercle, 
cephalic end of the doacal membrane, and as it lengthens to form 
the phallus, a median groove develops on its caudal surface and includes the 
urogenital membrane in its floor. The raised margins of the groove, whicli 
are named the genital folds (fig. 254), terminate behind in a transverse ridge, 
situated immediately in front of the anus.f In the majority of cases in male 


' * B. C. Begg, Journal of Anatomy, voL Ixiv. 1930. 

t Aceordmg to Ellsworth M. Tench (loo. oil.) the genital folds are continuous behind 
with the anal tubercles, which do not fuse with each other in front of the anus until a later 
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embryos the groove reaches the apex of the phallus, whereas in female embryos 
it does not extend so far.* By this feature the sex of an embryo may frequently , 
but not invariably, be determined as early as the seventh week. 


Fig. 252. — The tail-end of a human embryo, eight and a half to nine weeks old. 
(From a model by Keibel.) 



Prior to the rupture of the urogenital membrane the urogenital sinus 
extends ventrally into the phallus and is continued to its apex as a sagitally 
placed epithelial plate, termed the urethral plate (fig. 253). The rupture of the 


Fig. 253. — Transverse section through the lower part of the pelvis of a 
nine weeks old human embryo. 



folds. 


* M. H. Spaulding, Contributions to Embryology, No. 61, 1921 ; K. M. Wilson, Contribu- 
tions to Embryology, No. 91, 1926 ; A. Szenes, MorpJwl. Jahrhuch, Bd. 64. 
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While these changes are in progress two genital swellings (labioscrotal folds) 
appear, one on each side of the base of the phallus, and extend oaudally, 
separated from the genital folds by distinct grooves (fig. 254). 

In the male, the phallus enlarges to form the penis, and its apex constitutes 
the glans. The genital swellings meet each other ventral to the anus and 
unite to form the scrotum. The genital folds fuse with each other from behind 


Fig. 254. — Stages in the development of the external sexual organs in the male 
and female. (From the Ecker-Ziegler models.) 





forwards, enclosing the penile part of the urethra and completing the ventral 
aspect of the penis. In this way, as the phallus lengths, the urogenital orifice 
is carried onwards until it reaches the base of the glans, where it forms a 
primary meatus. The urethral plate splits and a trough is formed, which 
extends from the primary meatus forwards to the apex of the glans. The 
primary meatus becomes closed and the margins of the trough unite from 
behind forwards, until only the definitive (secondary) meatus remains. The 
prej^uce is formed by the ingrowth of a ring-like plate of ectoderm which 
burrows into the superficial part of the glans. The ring is deficient ventraUy 
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and the gap indicates the site of the frenulum. By the breaking down of its 
central cells the plate is split into two lamellae, and a cutaneous fold, the 
prepuce, is liberated to form a hood-like covering for the glans. ^ Adherent 
prepuce is not an adhesion really, but a hindered central desquamation ’ 
(Berry Hart). 

In the female the phallus, which exceeds the male phallus in length in the 
early stages, becomes the clitoris. The genital swelhngs remain separate as 
the labia maj ora and the genital folds also remain ununited, forming the labia 
minora. The perineal orifice of the urogenital sinus is retained as the cleft 
between the labia minora, above which the urethra and vagina open. The 
prepuce of the clitoris develops in the same way as the homologous structure 
in the male. - . 

The urethra. — ^In the female, the whole of the urethra is derived from the 
vesico-urethral portion of the cloaca (p. 193). It is homologous with that part 
of the prostatic urethra in the male which lies headwards of the orifices of the 
prostatic utricle and the ejaculatory ducts. 

In the male, the prostatic part of the urethra headwards of the orifice of the 
prostatic utricle is derived from the vesico-urethral portion of the cloaca and the 
incorporated caudal ends of the mesonephric ducts. The remainder of the pro- 
static part, the membranous part and probably the part within the bulb, are. 
aU derived from the urogenital sinus. The succeeding portion, as far as the 
glans, is formed by the fusion of the genital folds, while the section within the 
glans is formed from the urethral plate. 

The subjoined table shows the homologies of the various parts of the 
urogenital system in the male and in the female (fig. 248). 


iNDiri’ERBNT 

Genital gland 

Gubernacular cord 

Mesonephros 
(Wolffian body) 


Mesonephric duct 
(Wolffian duct) 


Paramesonephric ducts 
(Mullerian ducts) 

Allantoic canal 
Cloaca, dorsal portion of 

ventral portion of 
urogenital sinus 


Genital swelhngs 
Genital folds 
Genital tubercle 


Male 

Testis 

Gubernaculum testis 

(?) Appendix of epi- 
didymis 

Efferent ducts of testis 
Coni vasculosi of head 
of epididymis 
Paradidymis 
Ductuh aberrantes 

Duct of epididymis 
Ductus deferens 
Ejaculatory duct 
Part of bladder and 
prostatic urethra 

Appendix of testis 

Prostatic utricle 
(?) Urachus 
Rectum and upper part 
of anal canal 
Most of the urinary 
bladder and part of 
prostatic urethra 
Prostatic urethra (be- 
low prostatic utricle) 
Bulbo-urethral glands 
Remainder of urethra 

Scrotum 

Ventral aspect of penis 
Penis 


Female 

Ovary 

f Ligament of ovary 
< Round ligament of 
I uterus 

(?) Appendices vesicu- 
losse 

Epoophoron 

Paroophoron 
Duct of epoophoron 

Part of bladder and 
urethra 

Uterine tubes 

Uterus 

Vagina 

(?) Urachus 
As in male 

Most of the urinary 
bladder, and the 
urethra 

Bulbo-vestibular 

glands 

Vestibule 
Labia maj ora 
Labia minora 
Clitoris 
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Congenital defects of the urethra, due to arrests of development, are not uncommon in 
the male. The urethra may open on the ventral aspect of the penis at the base of the 
glans, and the portion of the urethra winch is normally derived from the urethral plate is 
absent. This constitutes the simplest form of hypospadias. In more severe cases the 
genital folds fail to fuse, and the urethra opens on the ventral aspect of a malformed penis 
just in front of the scrotum. A still greater degree of this malformation is accompanied 
by failure of the genital swellings to unite with each other. In these cases the scrotum 
is divided and, as the testes are frequently undescended, the resemblance to the labia 
majora is very striking. Male children suffering from this deformity are often mistaken 
for girls. 

Maldevelopment of the cloacal or urogenital membranes is a less common condition, 
but three varieties of it can be distinguished. (1) In epispadias the urethra opens on the 
dorsal aspect of the penis at its junction with the anterior abdominal wall. (2) In extro- 
version of the bladder * the lower part of the anterior abdominal wall is occupied by an irre- 
gularly oval area, covered with mucous membrane, on which the two ureters open. Around 
its periphery this extroverted area, which is lined by transitional epithelium, becomes 
continuous with the skin. (3) In extroversion of the cloaca the condition is very similar, 


Fig. 255. — A human embryo, 2*6 mm. long. (His.) 



Body -stalk 


but is complicated by the presence of intestinal openings in the median plane. In (3) 
the cloacal membrane is probably abnormally elongated and ruptures prematurely and 
throughout its whole extent, prior to the formation of the urorectal septum. In (2) the 
maldevelopment occurs after the separation of the ventral from the dorsal part of the cloaca. 
The urogenital membrane extends further headwards than it does in normal cases and the 
genital tubercle forms at its caudal limit. Rupture of the membrane throws the bladder 
open to the exterior. In (1) a similar condition exists, but rupture of the urogenital 
membrane is localised so that the anterior wall of the bladder is not affected. 


THE FORM OF THE EMBRYO AT DIFFERENT STAGES OF ITS GROWTH 

To determine the precise age of any given human embryo is a matter of great difficulty, 
especially in the earlier stages, even when the date of the fertilising coitus is known. In 
1899 Peters f described a specimen, the age of which he computed at from three to four 
days* but Bryce and Teacher, J in the light of the specimen described by them, have estim- 
ated its age as from thirteen and a half to fourteen and a half days. A very young human 
embryo was found by Miller in 1913 in tissue removed by curettage. The sections have been 
examined by Streeter, § who estimates the age at from ten to eleven days. There were no 
chorionic villii^ut the amniotic vesicle was present and a rudiment of the entodermal vesicle 
was recognisable. Stieve ** has recently described an ovum (Embryo Werner) which he 

* G. M. Wyburn, Journal of Anatomy, vol. Ixxi. 1937. 

t Hubert Peters, Die Einhettung des menschlichen Dies, 1899. 

i Bryce and Teacher. {Early Development and Imbedding of the Human Ovum, 1908.) 

§ Streeter, G. E. Contributions to Embryology, No. 92, 1927. 

** H. Stieve. Zeitschrift fiir Mikroskopisch-Anatomische Forschung, Bd. 40, 1936. 
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regards as representing an intermediate stage between the Miller ovum and the Peters 
ovum. Primary chorionic villi are present and a trophoblastic shell limits a blood-filled 
intervillous space. The ectodermal vesicle is present and its ventral surface is in relation 
with a single layer of cells which is regarded as representing the roof of the entodermal 


Fig. 256. — A human embryo, 4*2 mm. long. (His.) 



IV Ventricle 


Fig. 257. — A human embryo, about 8 mm. long. (Drawn from a stereoscopic 
photograph taken before fixation.) 
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‘Hyoid arch 

Mandibular arch 
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Lower limb bud 


Cut edge of amnion . 


vesicle. The rest of the vesicle is outlined in the magma cavity but its wall is not cellular 
(see p, 55, footnote*). Bryce and Teacher, Grosser,* and von MoUendorjfff have all 
described early human embryos of approximately the same stage. The Teacher-Bryce 

* Grosser, 0. ZeitscJirift fiir Anatomic xind Entwickelungsgesclvichte, 1922. 
t von Mollendorff, W. Zeitschrift fur Anatomic und Entwickclungsgeschichtc, 1921. 
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ovum (T.B.I.) was the product of an early abortion, and the ovum was discharged com- 
pletely enveloped by decidua. The authors estimate its age as from thirteen to fourteen 
days. It took the form of a blastocyst (fig. 74) with a diameter of approximately 6 mm., 
which was surrounded by a well-developed, reticular plasmodial trophoblast lined by 


Fig. 258. — Human embryo, about 9 mm. long. (Drawn from a stereoscopic photograph.) 



cytotrophoblast. Within the blastocyst was contained the embryonic rudiment, which 
consisted of two small vesicles ; the larger of the two was identified as the ectodermal or 
amnio-embryonic vesicle, and the smaller as the entodermal vesicle or yolk-sac. The 
primary mesoderm, which filled the blastocyst and surrounded the vesicles, consisted of a 
fluid matrix containing numerous cellular elements. The cells of the ectodermal vesicle 

Fig. 259. — Human embryo, about 16 mm. long. (Drawn from a stereoscopic photograph.) 



showed no diffeientiation into the amnion and the embryonic area, so that the specimen 
was definitely younger than the Peters ovum, in which the embryonic ectoderm was already 
defined. ^ 

During the third week differentiation commences in the embryonic area. The primitive 
streak and node, the head process and the neural groove appear. The allanto-enteric 
^verticulum is present and, by the end of the period, head and tail folds are in process of 
formation (fig. 95). ^ 
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During the fourth week the head and tail folds are completed. The primary cerebral 
vesicles can be recognised and the neural groove commences to close (fig. 255). The auditory 
vesicle appears, but as yet the face is unrecognisable and the neck is not apparent. The 
heart forms a prominent elevation, immediately caudal to the stomodseum, and segment- 
ation of the mesoderm is begim. The viteUo-umbihcal veins communicate with the 
common sinu-atrial chamber and the embryonic circulation is established ; at the end of 
the period the embryo is about 2*5 mm. long. 

In the fifth week the embryo becomes markedly curved on itself and becomes more 
definitely pinched off from the yolk-sac. The lens vesicle has closed and is separated from 
the covering ectoderm. The olfactory placodes are present, and the maxillary and fronto- 


Fig. 260. — human embryo, about 23 mm. long. (His.) 



nasal processes can be recognised. The branchial arches and grooves appear, indicating 
the position of the neck, and the rudiments of the hmb-buds can be identified (fig. 256). 
By the end of the period some thirty to thirty-six somites are present and the crown-rump 
length of the embryo has reached 5-5 mm. 

In the sixth week the curvature of the emb}^o is further increased. The head is in 
contact with the umbiheal cord and may almost meet the long, curved tail. The olfactory 
pits deepen, and the maxiUary, lateral nasal and globular processes begin to fuse. The 
mandibular and hyoid arches meet their fellows in the median plane, and the neck 
commences to appear. The liver forms a surface prominence between the heart and the 
umbilical cord. The Hmb-buds increase in length and three segments can be recognised 
in each. By the end of the sixth week the embryo has increased to 11 mm. crown-rump 
length. 

In the seventh and eighth weeks the flexure of the head is gradually reduced and the 
neck is somewhat lengthened. The upper Hp is completed and the nostrils are dicected 
forwards ; the palate is not completely developed. The eyeHds are present in the shape 
of folds above and below the eye, and the different parts of the auricle are distinguishable. 
The external genitaHa are present and may show sexual differences by the end of the seventh 
week (p. 195). The tail begins to disappear. . The fingers and toes can be recognised. By 
the end of the eighth week the embryo has attained a crown-rump length of about 25 mm. 
and now passes into the foetal period. 

In the third month the head is extended and the. neck is lengthened. The eyeHds meet 
and fuse, remaining closed until the end of the sixth month. The limbs are well developed 
and u fl.ils appear on the digits. The normal umbiHcal hernia is reduced and by the end of 
this, month the crown-rump length of the foetus is about 10 cm. 

O.A. " g2 



202 


EMBRYOLOGY 


In the fourth month lanugo appears on the body, and by the end of the month the 
foetus has reached a crown-rump length of about 14 cm., and a total length — ^i.e. including 
the legs — of about 22 cm. 

During the fifth month the first movements of the foetus are usually observed. The 
eruption of hair on the head commences, and the vemix caseosa begins to be deposited. 
By the end of this month the total length of the foetus is nearly 30 cm. 

In the sixth month the deposit of vernix caseosa is considerable. The papillae of the skin 
are developed and the free borders of the nails project from the corium of the dermis. From 
vertex to heels the total length of the foetus at the end of this month is about 33 cm. The 
weight is about 1 kilogram. 

In the seventh month the pupillary membrane atrophies, and the eyelids are open. 
The testis descends ydth the vaginal sac of the peritoneum. The skin is red and wrinkled, 
giving the foetus a prematurely aged appearance. From vertex to heels the total length 
at the end of the seventh month is about 40 cm. The weight is about 1 -5 kilograms. 

During the eighth month the skin is entirely coated with vemix caseosa, and the lanugo 
begins to disappear. Subcutaneous fat has been developed to a considerable extent, and 
the fcetus presents a plump appearance. The total length, i.e. from head to heels, at the 
end of the eighth month is about 45 cm., and the weight varies between 2 and 2 *5 kilograms. 

At the end of the ninth month the lanugo has largely disappeared from the trunk. 
The umbihcus is almost in the middle of the body and the testes are in the scrotum. The 
foetus weighs from 3 to 3*5 kilograms, and measures from head to heels about 50 cm. 
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rpHE general j&amework of the body is built up mainly of a series of bones, 
supplemented in certain regions by pieces of cartilage ; this bony and car- 
tilaginous framework constitutes the skeleton (fig. 261). 

In comparative anatomy the term skeleton has a wider application, for in 
some of the lower animals hard, protecting and supporting structures are developed 
in association with the skin. In such animals the skeleton comprises an internal 
or deep skeleton, termed the endoskeleton^ and an external or superficial, termed 
the exoskeleton. In the human subject the exoskeleton is very rudimentary, 
its only important representatives being the nails and the enamel of the teeth, 
and therefore, in human anatomy, the term skeleton is confined to the endo- 
skeleton ; this is divisible into an axial part, which comprises the bones of the 
head and trunk, and an appendicular part, which comprises the bones of the 
limbs. The minute structure and the physical properties of bone, together with 
the process of bone formation and gro\)^, are described on pages 18 to 27. The 
bones available for study in articulated skeletons and as separate entities have been 
subjected to a process of maceration, by which they are denuded of all the struct- 
ures attached to them, viz., muscles, ligaments, periosteum and articular cartilage 
Subsequently they are allowed to dry for a prolonged period, with the result that 
the fat in the marrow drains away and what is left of the marrow itself shrivels up, 
leaving the bone clean, dry .and easy to handle. 

Function of bones> — ^Bones provide the central axis and give form to the 
body. Many of them are adapted to give support to the weight of the .body, 
but they may fulfil some additional function, e.g. the thigh bones support the 
weight of the body in standing, walking and r unnin gs but they also provide the 
levers which are essential for locomotion. Other bones give protection to under- 
lying or contained structures, e.g., the cranixmi protects the contained brmn, and 
die sternum and ribs overlie the heart and lungs and give them some measure of 
protection. Others, again, afford areas for the attachment of muscles and provide 
the levers which facilitate speedy and efficient movements. Bones, therefore, con- 
stitute an important part of the locomotor apparatus of the body, but to enable 
them to function as levers for the production of movements they must be connected 
by muscles, and movable joints or articulations must be present where individual 
bones come into contact with one another. 

Bones are divisible into four classes : long^ shorty Jiat^ and irregular. 

The long bones are found in the limbs, where they form levers ; each has 
a shaft and two ends. The shaft is tubular, and its central cavity is termed the 
medullary cavity i the wall consists of dense, compact substance of considerable 
thickness in the middle part of the shaft of the bone, but becoming thinner towards 
the ends i projecting into the medullary cavity there is some spongy substance, 
scanty in the middle of the body of the bone but plentiful towards the ends. The 
ends are usually expanded for purposes of articulation and muscular attachment ; 
they consist of spongy substance covered by thin compact bone, and are usually 
developed from one or more secondary or epiphyseal centres of ossification (p. 25). 
The meduU^ cavity and the spaces in the spongy substance are filled with marrow 
{medulla ossium) (p. 27). 

The short bones* — ^Where a part of the skeleton is intended for strength and 
compactness combined with limited movement it is constructed of a number of 
short bones, as in the carpus and tarsus. These bones consist of spongy substance 
surrounded by a thin crust of compact bone. 

The flat bones* — ^Where the principal requirement of the skeleton is to protect 
delicate structures or provide broad surfaces for muscular attachment the bones 
are expanded into plates, as in the skuU and the shoulder-blades, and are composed 
of two thin layers of compact bone separated by a variable quantity of spongy sub- 
stance. In the cranial bones the layers of compact bone are known as die tables of 
the skull ; the outer table is thick and tough, the inner thin, dense and brittle. 
The intervening spongy substance is called the diploe^ and this, in certain regions of 
the skull, undergoes absorption, and air-filled spaces, termed sinuses^ are left 
between the tables of the skull. 
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The irregular bones^ from their peculiar form, cannot be grouped under the 
preceding heads. They consist of spongy substance enclosed within a thin layer of 
compact bone. 

Surfaces of bones. — The surfaces of bones present many and variable features, 
which call for the use of a number of special descriptive terms. Smooth areas for 
articulation with other bones are known as articular surfaces and, when small, are 
frequently tttmtdfacets. A condyle is a smooth rounded projection, and a trochlea is 
a pulley-shaped surface ^ both are covered with articular cartilage in the recent 
state. 

Depressions on bony surfaces are usually icxmtd fossce. They may be large or 
small, rough or smooth, non-articular or articular. 

A^y localised elevation or projection on a bony surface constitutes a process, 
A pointed process is called a spine^ but the term is frequently applied to elongated 
processes with blunt extremities, e.g. the spines of the vertebrae. The terms tiAercle 
and tuberosity are used, without much distinction, for localised, roxmded elevations, 
which may possess smooth or roughened surfaces. An epicondyle is an elevation 
placed above an articular surface. A hamulus is a hook-hke process, and a cornu a 
hom-Uke process. A sharp, distinct ridge, whether rough or smooth, is termed a 
crests and if it is wide enough to possess borders they are known as lips, A low, 
narrow ridge is termed a line, 

A hole in a bone is known as a foramen^ and the term is often apphed to the 
opening of a bony tunnel, which is termed a canal, A groove or fimow is fre- 
quently called a sulcus^ a notch an incisura^ a gap a hiatus^^ and a thin sheet or plate 
a lamina. 

Many other terms are employed occasionally, but those already defined have 
the widest use. 


THE VERTEBRAL COLUMN [COLUMNA VERTEBRALIS] 

In all vertebrate animals the central axis of the body consists of a vertebral 
column. As it is essential that provision should be made for a considerable range 
of movement of the trunk, the column consists, not of a single elongated bone, but 
of a number of independent, irregular bones, termed the vertehree^ which are finnly 
connected to one another but are capable of a limited amount of movement on 
one another. The provision of a central axis is not the only function which the 
column has to subserve. It is built up so as to surround the spinal cord, to which 
it affords necessary protection. The human vertebral column must also support 
the weight of the tnmk and transmit it to the lower limbs. 

The vertebrae are grouped under the names cervical^ thoracic^ lumbar^ sacral 
and coccygeal or caudal^ according to the region in which they lie, but all die ver- 
tebrae, not only of man but also of all vertebrate animals, conform to a general 
plan, and although, at first sight, there may be little resemblance between a cervical 
vertebra of a giraffe and a human lumbar vertebra, the essential features of both 
will be found to be identical. 


THE GENERAL CHARACTERISTICS OF A VERTEBRA 

A typical vertebra (fig. 262) is made up of two principal parts, an anterior or 
ventral, termed the body^ and a posterior or dorsal, termed the vertebral arch ; 
these enclose a foramen, which is named the vertebral foramen. 

In the articulated col umn the bodies and the intervertebral discs interposed 
between them form a continuous pillar, which constitutes the central axis of the 
body and, in man, supports and transmits the weight of the head and trunk. The 
vertebral foramina, placed one above another, constitute a canal in which the spinal 
cord is lodged and protected. Between contiguous vertebrae two intervertebral 
foramina^ one on each side, open into the canal and serve for the transmission of the 
spinal nerves and vessels. 

The body of a vertebra is more or less cylindrical, but is subject to a wide 
range of variation in size and shape in different animals and in different regions of 
the same animal. Its upper and lower surfaces are flattened and roughened to give 
attachment to the intervertebral discs. In front, it is convex from side to side and 
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gently concave from above downwards ; behind, it is flattened or slightly concave 
from side to side, and flat from above downwards. On its anterior surface there 
are a few small apertures for the passage of nutrient vessels ; on its posterior surface 
there is a large irregular aperture (occasionally more than one) for the exit of the 
basivertebral veins (fig. 263). 

The vertebral arch has a pair of pedicles and a pair of lamince ; it supports 
seven processes, viz., four articular^ two transverse and one spinous. 

The pedicles {roots of the vertebral arches) are a pair of short, thick processes, 
which project backwards from the body at the junctions of its lateral and posterior 
surfaces. The concavities above and below the pedicles are named the vertebral 
notches i and when the vertebrae are articulated with one another, the notches of 
contiguous vertebrae form the intervertebral foramina^ to which reference has already 
been made. 

The lamince are broad plates directed backwards and medially from the pedicles. 
They fuse in the spine posteriorly, and so complete the posterior boundary of the 
vertebral foramen. 



The spins {spinous process) is directed backwards and downwards from the 
junction of the laminae, and serves for the attachment of muscles and ligaments. 
The spines are subject to great variations in size, shape and direction ; they provide 
a series of levers for the movement of extension, or straightening, of the vertebral 
column and, to a lesser degree, for the movement of rotation. 

The articular processes, two superior and two inferior, spring from the junctions 
of me pedicles and laminae. The superior processes project upwards, and their 
arucular surfaces face more or less backwards ; the i^erior project downwards, 
and their articiflar surfaces face more or less forwards. These processes meet 
the corresponding processes of the adjoining vertebrae and, while permitting a 
certam degree of movement, defimtely control and restrict its range. 

The transverse processes project laterally from the junctions of the pedicles and 
laminae ; they serve for the attachment of muscles and ligaments and are the levers 
by me^s of which the rotatory and lateral movements of the vertebrae can be 
effected. In addition, in the thoracic region they articulate with and limit the 
movements of the ribs. 

The costal elements develop as essential constituent parts of each vertebral arch. 
In ^ certam regions (in man, the thoracic region only) titiey become independent 
^which articulate with the vertebral column. In other regions they 
sninted and, aMost unrecognisable in form, become fused with the vertebrae. 
Ungmally protective in function, in higher forms they also act as levers which play 
an important part in the movements of respiration. 

Structure of a vertebra (fig. 263). — ^The body of a vertebra is composed of 
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spongy substance covered by a thin coating of compact bone, which presents 
numerous orifices for the passage of vessels ; the interior of the body is traversed 
by one or two large canals, for the transmission of veins, which converge towards 
the large aperture on the posterior surface of the body. In the vertebral arch and 
the processes projecting from it the compact substance is thicker than it is in the 
body. 


Fig-. 263. — median sagittal section through a lumbar vertebra. 



THE INDIVIDUAL VEETEBRiE 

In the light of this description of a typical vertebra it is now possible to study 
the individual vertebrae of tibe human vertebral column, and observe how the 
essential features are modified in the different regions. In each region the vertebrae 
exhibit certain group characters, but atypical characters make their appearance at 
the upper and lower limits of each region for the purpose of adapting the vertebrae 
concerned to their neighbours. 

In man the cervical vertebrae are seven in number ; the thoracic, twelve ; the 
lumbar, five ; the sacral, five ; and the cgccygeal, four ; making a total of tWrty- 
three. The cervical, thoracic and lumbar vertebrae are separate bones throughout 
life and are therefore known as the movable vertehrce ; the sacral and coccygeal, on 
the other hand, are termed fixed vertebra^ because, owing to the necessity for 
stability in this part of the column in man, they are united in the adult to form two 
bones, viz. the sacrum and the coccyx. 


THE CERVICAL VEETEBRiE [VERTEBRAE CERVICALES] 

The cervical vertebrae (figs. 264, 270), seven in number, are the smallest of the 
movable vertebrae and can be identified easily owing to ihc peculiarity of their 
transverse processes, each of which is perforated by a foramen. The first, second 
and sevenA cervical vertebrae present special distinguishing features, but the 
remaining four conform to a common type. 

A typical cervical vertebra^ — General features. — The body is small and is 
broader from side to side than from before backwards. The vertebral foramen is 
large in proportion to the size of the body and it is triangular in outline. These two 
features are accounted for, in part, by die direction of the pedicles^ which project 
laterally as well as backwards (fig. 264). The superior and inferior vertebral 
notches are almost equal, for the pedicle is attached to the body nearly midway 
between its upper and lower borders. The lamince are relatively long and narrow, 
and are thinner above than below. The spine {spinous process) is short and bifid and 
its terminal tubercles are often unequal in size. The superior and inferior articular 
processes form an articular pillar^ which projects laterally at the unction of the 
pedicle and lamina. The transverse process is pierced by the foramen transversarium 
(fig. 264). It consists of an anterior and a posterior root, connected to each other 
on the lateral side of the foramen transversarium by a bar of bone, often termed 
the costotransverse bar. The anterior root and the costotransverse bar are homo- 
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logous with the rib in the thoracic region ; the posterior root is the homologue of 
the thoracic transverse process. 

Particular features. — ^The anterior surface of the body is convex from side to side, and its 
upper and lower borders give attachment to the fibres of the anterior longitudinal ligament. 
On each side of the ligament a slight depression gives attachment to fibres of the vertical 
portion of the longus cervicis (longus colli) muscle. The posterior surface is fiattened and 
presents near its centre two or more vascular foramina, which transmit the basivertebral 
veins. Its upper and lower borders give attachment to the posterior lon^tudinal ligament. 
The superior surface is concave transversely and has an upwardly projecting lip on each side 


Fig. 264. — typical cervical vertebra. Superior aspect. 
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(fig. 270) ; its anterior border may be slightly bevelled. The inferior surface is saddle- 
shaped, being convex from side to side and concave from before backwards. A small 
synovial joint is present on each side between the bevelled lateral border and the projecting 
lip of the upper surface of the vertebra below. The anterior border of the lower surface pro- 
jects downwards and hides the intervertebral disc. The upper borders of the laminae and 
the lower part of their anterior surfaces give attachment to the ligamenta fiava. The spines 
give attachment to the ligamentum nuchse and to a number of the deep muscles of the back 
of the neck, viz. semispinalis thoracis, multifidus, interspinales, spinalis cervicis and semi- 
.spinalis cervicis. 

The articular pillars of the third and fourth cervical vertebrse are grooved on their lateral 
aspects by the posterior primary rami of the third and fourth cervical nerves, which pass 


Fig. 266. — ^A typical cervical vertebra. Left lateral aspect. 
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backwards across them.* The superior articular facets are flat and oval in outline ; they 
are directed backwards and upwards. The inferior articular facets, similar in shape, are 
directed forwards and downwards. The foramen transversarium transmits the vertebral 
artery and veins and a plexus of sympathetic nerve fibres. The anterior root of the 
transverse process ends in a rough tubercle, which gives attachment to the scalenus anterior, 
the longus capitis and the oblique portions of the longus cervicis (longus colli) muscles. 
The anterior tubercle of the transverse process of the sixth cervical vertebra is enlarged and 
lies posterior to the common carotid artery, which can be compressed against it. It is 
therefore termed the carotid tubercle. The costotransverse bar is oblique in the third cervical 
vertebra, passing downwards, backwards and laterally ; in the fourth also it is oblique, 
but it is slightly grooved by the emerging anterior primary ramus of the fourth cervical 
nerve. In the fifth the groove is deeper, and in the sixth it is conspicuously wide and 

*• ♦ F. Wood Jones, Journal of Anatomy and Physiology, vol. xlvi., 1911. 
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sliallo'W'. The posterior root of the transverse process terminates laterally in a rounded 
tubercle, which lies lateral to the anterior tubercle and at a lower level in all except the 
sixth, in which the two tubercles lie approximately on the same plane. 

The posterior tubercles give attachment to a number of muscles, including levator 
scapulae, scalenus medius (which extends forwards on to the costotransverse bar), scalenus 
posterior, splenius cervicis, longissimus cervicis and costocervicalis (iliocostalis cervicis). 

The first cervical vertebra^ — (jeneral features : The first cervical vertebra 
(fig. 266) is named the Atlas^ because it supports the globe of the head. It differs 
fiom all the other vertebrae in having no body, and this is due to the fact that the 
centrum (p. 225) of the atlas has fused with the centrum of the second cervical 
vertebra. In addition, it has no spine. The atlas consists of two bulky lateral 
masses^ connected to each other in front by a short anterior arch^ and behind by a 
long, curved, posterior arch It therefore forms a ring of bone. When the atlas 
and the second cervical vertebra are articulated together, an upward projection 
from the latter, which is termed the odontoid process and is the centrum of the 
atlas, comes into position behind the anterior arch, and the resemblance to a 
vertebra is restored (fig. 266). 


rio. 266 . — The first cervical vertebra, or atlas. Superior aspect. 
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The anterior arch is slightly curved from side to side, with a forward convexity 
which is accentuated by the presence of a roughened, anterior tubercle. Its posterior 
surface is marked by a median, oval or circular facet, which articulates with the front 
of the odontoid process (dens). The lateral mass is set obliquely, and its long axis 
runs forwards and medially. Its upper surface forms an elongated, concave facet 
for articulation with the prominent condyle of the occipital bone of the skuU. 
The inferior surface bears a nearly circular facet, flattened or gently concave, 
for articulation with the superior facets of the second cervical vertebra. The 
posterior arch forms about two-fifths of the ring. Its upper surface shows a wide 
groove immediately behind the lateral mass, and its spine is represented by a 
small, rough posterior tubercle. The transverse process is unusually long (fig. 270) 
and, as a result, the width of the atlas, measured from tip to tip of its transverse 
processes, greatly exceeds that of any other cervical vertebra, except the seventh. 
The length and strength of these transverse processes enables them to function as 
adequate levers for the rotatory movements of the head, which are effected by the 
rotation of the skull and the atlas around the pivot provided by the odontoid process 
of the second cervical vertebra. 

Particular features. — ^The anterior tubercle gives attachment to the anterior longitudinal 
ligament in the median plane : its lateral aspect provides insertion for the upper oblique 
portion of the longus cervicis (longus colli) muscle. The upper and lower borders of the 
anterior arch give attachment respectively to the anterior atlanto-occipital membrane and 
the lateral fibres of the anterior longitudinal ligament (anterior atlanto-axial membrane). 
The superior articular facet of the lateral mass is directed upwards and medially and is 
admirably adapted to the nodding movements of the head, which occur at the atlanto- 
occipital joints. It is usually constricted near its middle and may be subdivided into two 
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separate areas. Its margins give attachment to the articular capsule of the atlanto- 
occipital joint. The inferior articular facet is directed downwards, medially and slightly 
backwards ; its margins give attachment to the articular capsule of the atlanto-axial joint. 
The medial aspect of the lateral mass presents a small roughened tubercle for the attach- 
ment of the transverse ligament of the atlas (fig. 512), which passes behind the odontoid 
process (dens) and helps to retain it in place. This ligament divides the ring of the atlas 
into an anterior, smaller part, which contains the odontoid process (fig. 266), and a posterior, 
larger part, which transmits the spinal cord and its membranes. The anterior aspect of the 
lateral mass gives origin to the rectus capitis anterior muscle. 

The posterior tubercle gives attachment in the median plane to the ligamentum nuchae, 
and, on each side, to the rectus capitis posterior minor. Its small size prevents it from inter- 
fering with the nodding movements of the head. The upper surface of the posterior arch is 
grooved anteriorly, where it is overhung on each side by the lateral mass. The groove 
transmits the vertebral artery, which winds backwards and medially round the posterior 
aspect of the lateral mass (fig. 514). Occasionally the groove for the vertebral artery is 
converted into a foramen by a bony spicule which arches backwards from the posterior 
part of the upper surface of the lateral mass. The first cervical nerve, as it emerges from 
the vertebral canal, intervenes between the vertebral artery and its groove (fig. 514). 
Behind the groove, on each side, the upper border of the posterior arch gives attachment to 
the posterior atlanto-occipital membrane ; its lower border gives attachment to the highest 
pair of ligamenta flava. 

The length of the transverse process and its functional significance have already been 
considered. Its down-turned extremity, which shows no differentiation into anterior and 
posterior tubercles, may be felt through the skin between the tip of the mastoid process and 
the angle of the mandible. Its recognition is not easy, for it lies deeply under cover of the 
parotid gland. Numerous muscles are attached to the process. The rectus capitis lateralis, 
anteriorly, and the superior oblique muscle of the head, posteriorly, arise from its upper sur- 
face : the levator scapulae takes origin from its lateral margin and lower border, concealing 
the uppermost slip of insertion of the splenius cervicis and itself often hidden by the origin 
of the scalenus medius. A small, often imperceptible, tubercle may be present on the 
anterior surface of the lateral mass; it represents the anterior tubercle of the typical 
transverse process, so that the transverse process of the atlas corresponds to the 
posterior root and the costotransverse bar of the other cervical vertebrae. The anterior 
primary ramus of the first cervical nerve runs forwards on the lateral surface of the 
lateral mass and then turns downwards across the anterior surface of the transverse 
process. As it does so it is covered by the internal jugular vein, which is crossed in this 
situation by the accessory nerve and the occipital artery. 

The second cervical vertebra* — General features : The second cervical 
vertebra^ which is named the Axis (figs. 267^ 268), provides the pivot upon which 


Fia. 267. — ^The second cervical vertebra, or axis. Posterosuperior aspect. 
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the atlas, and with it the skull, rotate. It can be distinguished easily j&om the other 
vertebrae by means of the strong, toothlike process, named the odontoid process 
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(dens)^ which projects upwards from the hody. The process bears on its anterior 
surface a small oval facet for articulation with the facet on the posterior surface 
of the anterior arch of the atlas^ and posteriorly it is grooved slightly by a liga- 
ment which helps to retain it in position (fig. 267). On each side a large, oval or 
circular facet is borne on the lateral part of the upper surface of the body and the 


Fig. 268. — ^The second cervical vertebra, or axis. Left lateral aspect. 
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adjoining part of the pedicle for articulation with the inferior facet of the lateral mass 
of the adas. The lamiruB are thick and strong and the vertebral foramen is large 
and roomy. The spine is large and very strong, for it has to provide attachments not 
only for muscles which extend the nedk but also for muscles which retract the head 
and rotate it from side to side. The transverse process^ on the other hand, is very 

Fig. 269. — ^The seventh cervical vertebra. Superior aspect. 

Body 



small and its blimt tip shows no differentiation into anterior and posterior tubercles. 
The foramen transversarium is directed upwards and laterally. The inferior 
articular facets look downwards and forwards, as they do in the typical cervical 
vertebrae. 

Particular features. — ^The odontoid process is conical in shape and about 1-5 cm. long ; 
it is constricted below, where it lies in contact posteriorly with the transverse ligament of 
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the atlas. A bursa is usually interposed between the bone and the ligament. The apex 
is pointed and gives attachment to the apical ligament (p. 444). Below the apex the sides 
of the process are flattened, where the alar ligaments are attached (fig. 267). In structure 
the odontoid process is composed of more compact bone than the body. The upper surface 
of the tody is obscured by the odontoid process and tbe superior articular facets. Its anterior 
surface presents a hollowed out impression on each side of the median plane for the insertion 
of vertical fibres of the longus cervicis (longus colli) muscle. The lower border gives attach- 
ment to the anterior longitudinal ligament, and its downward projection is a characteristic 
feature of the axis. Posteriorly the lower border of the body gives attachment to the 
posterior longitudinal ligament and to the membrana tectoria, which represents its upward 
continuation to the occipital bone (p. 444). pedicles are stout and the inferior vertebral 


Fig. 270. — The cervical vertebrae. Anterior aspect. 



notches are deep, in contrast with the superior notches, which are scarcely discernible. The 
lamirice are thicker and stronger than the laminae of any of the other cervical vertebrae ; 
they provide attachment for the ligamenta fllava. The coarse, strong spine gives origin 
to the inferior oblique muscle, which arises from a rough impression on its lateral aspect, 
and also to the rectus capitis posterior major, which arises from its posterior border. The 
wide gap at its extremity gives attachment to the ligamentum nuchse. In addition it 
receives the insertions of portions of the semispinalis cervicis, spinalis cervicis, interspinalis 
and multifidus. The foramen transversarium is directed upwards and laterally as, owing 
to the difference in length between the transverse process of the axis and that of the atlas, 
the vertebral artery must deviate in a lateral direction after leaving the axis. The transverse 
process is small, and its anterior tubercle is situated, at or near the point where the anterior 
part of the process reaches the body ; in this respect it resembles the anterior tubercle of the 
transverse process of the atlas. Its extremity gives origin to the levator scapulae and, more 
anteriorly, to the scalenus medius; more posteriorly, it gives insertion to the splenius cervicis. 
Intertransverse muscles (p. 660) also gain attachment to its upper and lower surfaces. 

The seventh cervical vertebra. — General features : The seventh cervical 
vertebra (fig. 269) is named the vertebra prowittens because of its long spine^ the 
tip of which can be felt through the skin at the lower end of the nuchal 
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furrow. This process is thick and nearly horizontal in direction ; it is not bi- 
furcated but ends in a tubercle. The transverse processes are of considerable size 
and their posterior parts are large and prominent. The anterior parts are usually 
slenders but they may form separate boness which are then known as cervical ribs. 
The foramen transversarium is relatively small ; it is sometimes double, or it may 
be entirely absent. 

Particular features. — ^The tip of the spine gives attachment to the lower end of the liga- 
mentum nuohse, as well as to a number of muscles. These include the trapezius, rhomboideus 
minor, serratus posterior superior, splenius cervicis, semispinalis thoracis, spinalis cervicis, 
interspinales and multifidus. The /orame??, transversarium is traversed by an accessory ver- 
tebral vein or veins : it is traversed by the vertebral artery only on very rare occasions. The 
costotransverse bar of the transverse process, which shows a shallow groove for the anterior 
primary ramus of C. 7, is often partly deficient. The prominent posterior tubercle gives 
origin to the scalenus minimus, when it is present, and to the aponeurotic layer of fascia 
which covers the cervical dome of the pleura [suprapleural membrane]. Its lower border 
gives origin to the highest of the levatores costarum muscles. 


THE THORACIC VERTEBRAE [VERTEBRAE] THORACALES] 

The thoracic vertebrae (figs. 262, 271, 272), twelve in number, show a gradual 
increase in size from above downwards. All are distinguished by the presence of 
facets on the sides of the bodies, and all but the last two (sometimes three) by facets 
on the transverse processes ; the former articulate with the heads of the ribs and 
the latter with the tubercles of the ribs. 

The first, ninth, tenth, eleventh and twelfth thoracic vertebrae present certain 
peculiarities and must be considered separately. The others, although showing 
individual differences of a minor degree, conform to a common type. 


Fig. 271. — ^A typical thoracic vertebra. Viewed from the right side. 



General features. — The body of a typical thoracic vertebra (fig. 262) re- 
sembles in shape a conventional heart from a playing-card, and its anteroposterior 
and transverse measurements are nearly equal. On each side it bears two costal 
facets ; Ae superior facets are usually the larger and are placed on the upper 
border near the root of the pedicle ; Ae inferior facets are situated on the lower 
border of the body just in front of the inferior vertebral notch. The vertebral 
foramen is relatively small, and its circular outline may be associated with the fact 
that the pedicles show no lateral deviation as they pass backwards from the body. 
This accoxmts also for the shortness of the lamina^ which are broad and thick and 
overlap each other from above. The spine is long and is directed downwards and 
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backwards. The superior articular processes are thin plates of bone which project 
upwards at the junction of the laminae and pedicles i their articular facets are almost 
flat and are directed backwards and a little later^y and upwards. The inferior 
articular processes are fused to the lateral ends of the laminae ; their articular facets 
are directed forwards and slightly downwards and medially. The transverse process 
is a substantial, club-shaped projection which springs from the vertebral arch at the 
junction of the lamina and pedicle. It is directed laterally and backwards and bears 
on its anterior aspect, near its extremity, a facet for articulation with the tubercle of 
the numerically corresponding rib. 

The first thoracic vertebra is distinguished by the character of the upper 
facets on the sides of the body, which are circular in outline, as each articulates with 
the whole of the head of the first rib. The lower facets are small and semilunar in 
shape. The spine is thick, long and horizontal ; it can be identified easily in the 
living subject, for it forms a visible projection below the spine of the vertebra 
prominens. 

The ninth thoracic vertebra may possess all the features of a typical thoracic 
vertebra, but it often fails to articulate with the head of the tenth rib, and the lower 
facets on the body are then absent (fig. 272). 

The tenth thoracic vertebra artiailates with the head of the tenth rib only. 
The facet is placed at the upper border of the body and encroaches on the pedicle ; 
it is usually incomplete but, when the tenth rib fails to articulate with the ninth 
thoracic vertebra, it is complete and circular in outline. The transverse process 
may, or may not, bear an articular facet for the tubercle of the tenth rib. 

The eleventh thoracic vertebra articulates with the head of the eleventh rib 
only. The circular facet is placed close to the upper border of the body and extends 
backwards on to the lateral aspect of the pedicle. The transverse process is small 
but can be gripped between the finger and thumb ; it is not marked by an articular 
facet. 

The twelfth thoracic vertebra articulates with the head of the twelfth rib 
only. The facet, roughly circular in outline, lies below the upper border of the 
body and extends over the lateral aspect of the pedicle. The body is large and 
approximates closely to the lumbar t^e. The transverse process is small and in- 
significant and is not marked by an articular facet ; it presents superior, lateral 
and inferior tubercles. The inferior articular processes are turned later^y and 
the articular facets are convex from side to side, like those of a lumbar vertebra. 

Particular features of the thoracic vertebrae. — ^The bodies of the upper thoracic vertebrae 
show a gradual transition from the cervical to the thoracic type, while the bodies of the 
lower thoracic vertebrae show a similar transition from the thoracic to the lumbar type. 
The body of T. 1 is cervical in form, and its transverse is nearly twice as great as its antero- 
posterior measurement. The body of T. 2 retains the cervical type, but its breadth is less 
and the disproportion between its two measurements is diminished. The body of T. 3 is 
actually the smallest of the thoracic bodies, but its anterior aspect, instead of being flat- 
tened like the bodies of T. 1 and T. 2, is rounded off and is convex forwards from side to side. 
Prom this point the bodies gradually increase in size and, owing to an increase in the antero- 
posterior measurement, that of T. 4 is typically heart-shaped. The bodies of T. 5 to T. 8 
show a gradual increase in the anteroposterior measurement while the transverse measure- 
ment shows little alteration. These four vertebrse, Vf'hen seen on transverse section, are 
asymmetrical, for the left side of each body shows a flattening produced by the pressure of 
the descending thoracic aorta. The remaining vertebrae increase in size more rapidly, the 
increase affecting all the measurements of the body, so that T. 12 approximates closely to 
the shape of a typical lumbar vertebra. 

The upper and lower borders of the bodies in front and behind give attachment to the 
anterior and posterior longitudinal ligaments, respectively ; and the margins of the costal 
facets give attachment to the capsular and radiate ligaments of the joints of the heads of 
the ribs. The longus cervicis (longus colli) muscle arises from the bodies of the first three 
thoracic vertebrae, lateral to the anterior longitudinal ligament. The psoas major and minor 
mu^les arise from the lateral aspect of the twelfth thoracic vertebra near its lower border. 

^ The pedicles increase in thickness from above downwards. The superior vertebral notch 
IS scarcely recognisable except in the first thoracic vertebra, but the inferior notch is deep 
and conspicuous. The upper borders of the laminoe and the lower parts of their anterior 
surfaces serve for the attachment of the ligamenta flava ; their dorsal aspects give insertion 
to the rotatores muscles. 

The transverse jirocesses graduaUy diminish in length from above downwards. In the 
upper SIX (sometimes five) the costal facets are concave and face forwards and laterally ; 
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in the others the facets are flattened and face upwards, laterally, and slightly foi'wards. 
The tuberculated extremity of the process gives attachment to the lateral costotransverse 
ligament (ligament of the tubercle of the rib) : its lower border, to the superior (anterior) 
costotransverse ligament : its anterior surface, medial to the facet, to the inferior costo- 
transverse ligament (ligament of the neck of the rib) : and its base to the posterior costo- 
transverse ligament. In addition, the upper and lower borders of the transverse process 


Fio. 272. — ^The first, ninth, tenth, eleventh and twelfth thoracic vertebrae. 
Right lateral aspect. 
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provide attachment for intertransverse muscles or their fibrous vestiges, and the posterior 
surface for the deep muscles of the back — ^the levator costae arising from the dorsal aspect of 
the tuberculated extremity under cover of the longer muscles. 

The spines overlap from the fifth to the eighth, which are the longest and most nearly 
vertical of the thoracic spines. Above and below they are less oblique in direction.* They 

* In quadrupeds the majority of the spines of the thoracic vertebrae project dorsally 
and caudally, while those in the lumbar region are directed dorsally and headwards. The 
change in inclination is effected in one of the lower thoracic vertebrae, the spine of which 
points almost straight dorsally. This vertebra is known as the anticlinal, and in man its 
representative is the eleventh thoracic. 
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give attachment to the supraspinous and interspinous ligaments, and to the trapezius, 
rhomboideus major and minor, latissimus dorsi, the serratus posterior superior and inferior, 
and many of the deep muscles of the back. 

The first thoracic vertebra resembles a cervical vertebra in the shape of its body. In 
addition, the posterolateral parts of its upper border are raised, as they are in the cervical 
region, and tlds projection forms the anterior border of the superior vertebral notch, which 
13 a distinctive feature of this vertebra. The upper facet on the side of the body is not always 
complete, as the head of the first rib often articulates with the intervertebral disc between 
the seventh cervical and the first thoracic vertebrae. Immediately below the facet there is 
frequently a small, deep depression in the bone. 

In the eleventh and twelfth thoracic vertebrae the spines are characteristically triangular, 
with blunted apices. In each case, the lower border of the spine is horizontal, or nearly 
so, and the upper border is oblique. In the region of the transverse process of the twelfth 
thoracic vertebra three little tubercles can be distinguished. Of these the superior is 
the largest and juts upwards. It corresponds to the mamillary process of a lumbar vertebra, 
but it is not so closely connected with the superior articular process. The lateral tubercle 
is small and corresponds to the true transverse process. The inferior tubercle, directed 
downwards, corresponds to the accessory process of a lumbar vertebra. 

In distinguishing between these two vertebrae the student should be guided by (1) the 
character of the inferior articular processes ; (2) the size and character of the transverse 
process ; and (3) the distance between the costal facet and the upper border of the vertebra 
(p. 214). 


THE LTMBAR VERTEBRAE [VERTEBRA LUMBALES] 

General features. — The lumbar vertebrae (figs. 273-275)^ five in number, can 
be distinguished from the other vertebrae by their great size and by the absence of 
costal facets on the sides of the bodies. 

The body is large, wider from side to side than from before backwards, and a 
little deeper in front than behind. The vertebral foramen is triangular in shape, 
larger than in the thoracic region but smaller than in the cervical region. The shape 
is accounted for by the shortness of the pedicles and the direction of the laminae, 
which pass backwards and medially. The spine projects almost horizontally 


Fig. 273. — A lumbar vertebra. Left lateral aspect. 



bac^ards, is quadrangular, and is thickened along its posterior and inferior 
bordCTS. The supmor articular processes bear articular facets which face medially 
and bac^ards and are gently concave. The posterior border of each process is 
marked by a rough elevation, termed the mamllary process. The mfericr articular 
^ocesses be^ articular facets which are slightly convex and face laterally and 
torwards. The transverse processes are thin and elongated, with the exception 
ot those of the fifth lumbar vertebra, which are strong and substantial. A smaU 
rough elevation marks the postero-inferior aspect of the root of each transverse 
process and is termed the accessory process. 

The fifth lumbar vertebra (fig. 275) can be distinguished by the fact that its 
strong transverse process is connected to the whole of the lateral surface of the pedicle 
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and encroaches on the side of the body. In addition, its body is usually deeper in 
front than behind, a condition which is associated with the prominence of the 
sacrovertebral angle. 


Fia. 274. — A lumbar vertebra. Posterosuperior aspect. 



Fia. 276. — ^The fifth lumbar vertebra. Superior aspect. 



Particular features. — ^The upper and lower borders of the bodies in front and behind give 
attachment to the anterior and posterior longitudinal ligaments. Lateral to the anterior 
longitudinal ligament, the bodies of the upper lumbar vertebrae (three on the right side ; 
two on the left) give origin to the crura of the diaphragm. Behind the line of the crus the 
psoas major arises from the bodies of all the lumbar vertebrae. This muscle throws tendin- 
ous arches across the sides of the bodies to protect the lumbar vessels. The vertebral foramen 
of the first lumbar vertebra contains the lower part of the spinal cord — ^the conus medullaris ; 
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the lower foramina contain the cauda equina and the spinal meninges. The pedicle is 
strong, and springs from the posterolateral aspect of the body just below its upper border. 
The superior vertebral notch, though shallow, is easily recognisable : the inferior notch is of 
considerable depth. The laminm are broad, short and strong, but they do not overlap one 
another to the same extent as they do in the thoracic region. They give attachment to the 
ligamenta flava. The spines provide attachment for the posterior lamella of the lumbar 
fascia, the saOrospinalis, the spinalis thoracis, the multifidus, the interspinal muscles and 
ligaments and the supraspinous ligaments. The spine of the fifth lumbar vertebra is the 
least substantial and its extremity is more or less rounded and down- turned. The superior 
articular processes are wider apart than the inferior in the upper lumbar region, but the 
difference is very slight in the fourth, and in the fifth the two measurements are approxi- 
mately equal. The articular facets are so shaped that, while they permit of fiexion and ex- 
tension, they prevent rotation of the lumbar vertebrse. The transverse processes, with the 
exception of the fifth, are not so strongly built as the other parts of the lumbar vertebra>. 
They increase in length from the first to the third — ^which is the longest of all the transverse 
processes — and then become shorter. A faint, vertical ridge marks the anterior surface of 
the transverse process nearer the tip than the root. It gives attachment to the anterior layer 
of the lumbar fascia and separates the surface into a medial area for the attachment of the 
psoas major, and a lateral area for the quadratus lumborum. The tip of the process gives 
attachment to the middle layer of the lumbar fascia, but, in addition, the tip of the first gives 
attachment to the medial and lateral arcuate ligaments (lumbocostal arches) and the tip of 
the fifth to the iliolumbar ligament. The posterior surfaces of the transverse processes are 
covered by the deep muscles of the back and give origin to fibres of the longissimus thoracis 
(longissimus dorsi) muscle. The upper and lower borders of the process give attachment to 
lateral intertrans verse muscles. The rmrYdllmy process is homologous with the superior 
tubercle in the twelfth thoracic vertebra. It gives attachment to the multifidus and to the 
medial intertransverse muscle. The accessory process * varies in prominence and may be 
difficult to identify. It gives attachment to the medial intertransverse muscle. The costal 
element is incorporated in the transverse process (fig. 113). 


THE SACRUM [OS SACRUM] 

General features. — The sacrum (figs. 276-280) is a large bone, triangular 
in shape, formed by the fusion of the five sacral vertebrse. It is situated at the upper 
and posterior part of the pelvic cavity, where it is inserted like a wedge between the 
two hip-bones. Its narrow, blunted apex is at the inferior end of the bone and 
articulates with the coccyx. At the opposite end the wide base articulates with the 
fifth lumbar vertebra, with which it forms the sacrovertehral angle. The bone is 
placed very obliquely and is curved longitudinally so that its dorsal surface is convex 
and its ventral surface is concave (fig. 278). This ventral concavity serves to in- 
crease the capacity of the true pelvis. In addition to a base and an apex the 
sacrum possesses dorsal^ pelvic^ and lateral surfaces and encloses a bony canal. 

In the child the individual sacral vertebrae are connected by cartilage and can 
be separated by maceration. The adult bone shows many signs of its vertebral 
constitution, especially on its basal aspect. 

The base (fig. 279) is formed by the upper surface of the^ir^^ sacral vertebra and 
presents all the features of a typical vertebra in a slightly modified form. The body is 
large and much wider from side to side than from before backwards . Its anterior pro- 
jecting edge is named the sacral promontory. The vertebral foramen is triangular, 
and its shape is explained by the fact that the pedicles are short, widely separated, 
and face backwards and laterally. The lamince are very oblique and incline 
downwards, medially and backwards. .Where they meet, the spine is represented by 
a spinous tubercle. The superior articular processes project upwards and bear 
concave articular facets which face medially and backwards to articulate with 
the inferior articular processes of the fifth lumbar vertebrae. The posterior part 
of each process projects backwards, and its lateral aspect bears a roughened area 
which corresponds to the mamillary process of a lumbar vertebra. The region of 
the transverse process shows important modifications. A broad, sloping mass of 
bone projects firom the lateral side of the body, pedicle and superior articular process ; 

* The mamillary and accessory processes “ are merely muscular processes which, repre- 
sented and conjoined in the thoracic region, become separated in the lumbar region by 
the passage of the internal (medial) branch of the posterior division (posterior primary 
ramus) of the lower thoracic and lumbar nerves between them.” (F. Wood Jones, Journal 
of Anatomy and Physiology, vol. xlvii., p. 118.) 
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a feature which is not found in any of the other vertebrae^ although it is foreshadowed 
in the fifth lumbar vertebra. It is formed by the transverse process and the 
costal element fused to each other and to the rest of the vertebra, and forms the 
upper surface of the lateral mass of the sacrum. 

The4)clvic surface of the sacrum is concave and is directed downwards and 
forwards . It is marked by four pairs of anterior sacral foramina^ which communicate 
through the intervertebral foramina with the sacri canal. They transmit the 
anterior primary rami of the sacral nerves. The large area which lies between the 
foramina of the right and left sides is formed by the flattened anterior surfaces of 
the bodies of the sacral vertebras, and the lines of fusion of contiguous vertebras 
are clearly visible as four raised transverse ridges. The bars of bone which separate 
the foramina from one another on each side represent the costal elements^ which are 


Fig. 276. — ^The sacrum. Pelvic surface. 



fused to the vertebrae. Lateral to the foramina the costal elements of each side 
unite with one another to form the lateral mass of the sacrum. 

The dorsal surface (fig. 277) is convex and is directed backwards and upwards. 
It is marked in the median plane by a raised crest, which bears four (sometimes only 
three) spinous tubercles. These represent the fused spines of the sacral vertebrae. 
Below ihe fourth spinous tubercle there is a n-shaped gap in the posterior wall of 
the sacral canal, termed the sacral hiatus. This gap is produced by the failure of the 
laminae of the fifth sacral vertebrae to meet in the mecfiaii plane, and, as a result, the 
posterior aspect of the body of that vertebra is exposed on the dorsal surface of 
the sacrum. Lateral to the median crest, the posterior surface is formed by the fused 
lamina. Lateral to this area the dorsal surface of the sacrum presents on each side 
four posterior sacral foramina. Like the anterior foramina they communicate with 
the sacral canal through the intervertebral foramina ; and each transmits the 
posterior primary ramus of a sacral nerve. Medial to the foramina, and in line with 
the superior articular process of the first sacral vertebra, the bone is marked on each 
side by a row of four small tubercles, which represent contiguous articular processes 
fused toge±er. The inferior articular processes of the fifth sacral vertebra are free 
and project downwards at the sides of the sacral hiatus. They are termed the 
sacral cornua and are connected to the cornua of the coccyx by ligaments, termed 
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the intercornual ligaments. The roughened area to the lateral side of the posterior 
sacral foramina is formed by the fused transverse processes and presents a row of 
transverse tubercles. 

The lateral surface (fig. 278) of the sacrum is formed by the fosed transverse 
processes and costal elements. It is wide above but rapidly diminishes in breadth 
in its lower part. The broad^ upper part bears an ear-shaped s^ace, termed the 
auricular surfaccy for articulation with the ilium^ and the area behind it is rough and 
deeply pitted for the attachment of ligaments. In order to ensure the stability of 
the body in the erect posture, the sacro-iliac joint, through which one half of the 
weight of the trunk is transmitted to the lower limb, must provide a good bearing 
smface. This is obtained by the fusion of the sacral vertebrae and by the persistence 
of substantial portions of the costal elements. The auricular surface is borne by 
the costal elements and is shaped like the inverted letter L. The horizontal limb 
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Fig. 277. — The sacrum. Dorsal surface. ^ 
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is the shorter and is restricted to the first sacral vertebra : the vertical limb extends 
downwards to the lower limit of the second or to the middle of the third sacral 
vertebra. The lower part of the lateral surface takes no part in the transmission of 
the weight of the body and is consequently reduced in breadth. At its lower end 
it bends or curves meially to reach Ae side of the body of the fifth sacral vertebra. 
The point at which the change of direction occurs is termed the inferior lateral angle. 
Below the angle the lateral surface forms a thin border. 

The apex of the sacrum is formed by the inferior surface of the body of the fifth 
sacral vertebra and bears an oval facet for articulation with the coccyx. 

The sacral canal (fig. 280) is formed by the vertebral foramina of the sacral 
vertebrae and is triangular on transverse section. Its upper opening, seen on the 
basal surface, appears to be set obliquely but, owing to the inclination of the sacrum, 
it is directed upwards in the living subject. The lateral wall of the canal presents 
four intervertebral foramina, through which the canal is coimected with both the 
anterior and the posterior sacral foramina. The lower opening is the sacral hiatus. 
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Paitici^ar features. — The anterior and postesrior parts of the hdy of the first sacral 
verhmra give attachment to the lowest fibres of the anterior and posterior longitudinal 
ligaments respectively. The upper borders of the lammcs of the first sacral vratebra give 
attachinent to the lowest pair^ of ligamerita flava. The upper surface of the lateral mass is 
smooth and slightly concave in its medial part but is irregularly roughened in its lateral 
part. It M covered almost entirely by the psoas major muscle. The smooth area is marked 
by an oblique, shallow groove which lodges the lumbosacral trunk. The rough area gives 
attachment to the lumbosacral ligament, which lies on the lateral side of the fifth lumbar 
nerve, and to the anterior ligament of the sacroiliac joint. The anterolateral part of the 
area gives origin to a portion of the iliacus muscle. 


Fig. 278. — The sacrum and coccyx. Right lateral aspect. 



The pelvic surface of the sacrum gives origin on each side to the piriformis muscle. This 
muscle arises from the anterior surface of the lateral mass opposite the second, third and 
fourth sacral vertebras and from the anterior surfaces of the bars of bone which separate 
the anterior foramina. On emerging from the anterior sacral foramina the anterior prim- 
ary rami of the first three sacral nerves pass at once on to the anterior surface of the 
muscle. Along the medial margins of the foramina, on each side, the sympathetic trunk 
descends in contact with the bone, and in the median plane the median sacral vessels form 
an intimate relation. Lateral to the foramina the lateral sacral vessels bear a variable 
relation to the bone. The anterior surfaces of the bodies of the first and second and part 
of the third sacral vertebra are covered with parietal peritoneum and crossed obliquely, to 
the left of the median plane, by the root of the pelvic mesocolon. The rectum lies in 
contact with the anterior surfaces of the bodies of the third, fourth and fifth sacral vertebrae, 
but the bifurcation of the superior rectal artery into right and left branches intervenes 
between it” and the third sacral vertebra. 

The dorsal surface of the sacrum is rough and irregular. The sacrospmalis arises by an 
elongated U -shaped origin from the spinous and transverse tubercles, and covers the multi- 
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fidus, which arises from the intervening area. The posterior primary rami of the upper 
three sacral nerves pierce these muscles after they emerge from the posterior sacral fora- 
mina. It not infrequently happens that the laminae of the fourth sacral vertebra fail to 
meet in the median plane behind. The sacral hiatus is then elongated considerably. 

Fig. 279. — The base of the sacrum. 



Fig. 280. — A median sagittal section through the sacrum. 



entirely by the costal elements. The rough area behind it shows two well-marked depressions 
and gives attachment to the strong interosseous sacro-iliac ligaments. Below the auri- 
cular surface the lateral aspect of the sacrum gives attachment to the gluteus maximus, 
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the sacrotuberous and sacrospinous ligaments and the coccygeus muscle, the structures 
being enumerated from behind forwards. 

The sacral canal contains the cauda equina (including the filum terminale) and the spinal 
meninges. Opposite the middle of the sacrum the subarachnoid and subdural spaces 
become closed, and the lower sacral nerve roots and the filum terminale pierce the arachnoid 
and dura mater at that level. The filum terminale emerges below at the sacral hiatus and 
passes downwards across the posterior surface of the fifth sacral vertebra and the sacro- 
coccygeal joint to reach the coccyx. The fifth sacral nerve also emerges through the sacral 
hiatus close to the medial side of the sacral cornu and grooves the lateral part of the body 
of the fifth sacral vertebra. 

Differences in the sacrum of the male and female. — In the female the sacrum 
is shorter and wider than in the male, reflecting the necessity for a wider and 
a shallower pelvic cavity. The upper part of the bone is flattened, and the 
lower part curved abruptly forwards, whereas in the male the curvature is more 
evenly distributed over the whole length of the bone. It should be remembered, 
however, that the curvature of the hone may vary considerably in different 
specimens of the same sex. In the female the pelvic surface of the bone 
faces downwards more than in the male ; this increases the size of the pelvic 
cavity and renders the sacro vertebral angle more prominent. In the female the 
auricular surface for articulation with the ilium is shorter than that in the male, 
extending along the sides of the first and second sacral vertebrae only ; in the 
male it is continued down to the middle or lower limit of the third vertebra. 
No difliculty will be experienced in distinguishing a typical male or a typical 
female sacrum, but, as the sexual characters are not always pronounced, there are 
many cases in which it is by no means easy to determine the sex. When any diffi- 
culty is experienced in determining the sex of a sacrum, greatest stress should al- 
ways be laid on the relationship between the length and the breadth of the bone. 

Structure. — The sacrum consists of spongy substance enveloped by a thin 
layer of compact bone. 

Variations — Either the fifth lumbar vertebra or, more commonly, the first 
coccygeal vertebra may become incorporated in the sacrum, which then has six 
vertebrae. The inclusion of the fifth lumbar vertebra is usually incomplete and 
it may be limited to one or other side. In the most minor degree of the abnor- 
mality the transverse process of the fifth lumbar vertebra is unusually large, 
and articulates with the sacrum at the posterolateral part of the upper„surf ace 
of its lateral mass. Reduction of the number of the constituents of the sacrum 
is less common. The transverse process of the first sacral segment may not be 
joined to the rest of the lateral mass on one or both sides, and a considerable 
part of the posterior wall of the sacral canal may be wanting, in consequence of 
the imperfect development of the laminae and spines. 


THE COCCYX [OS COCCYGISj 

General features, — The coccyx (figs. 281, 282) is a small bone^ triangular in 
shapCj which consists usually of four rudimentary vertebrae fused together, but the 
number may be increased to five or reduced to three. Not infrequently, the first 
coccygeal vertebra exists as a separate piece. The bone is directed downwards and 
forwards from the apex of the sacrum, so that its pelvic surface faces upwards 
and forwards and its dorsal surface downwards and backwards. 

The base of the coccyx,’ formed by the upper surface of the body of the first 
^ coccygeal vertebra^ presents an oval, articular facet for articulation with the apex of 
the sacrum. Posterolateral to the facet, two processes, named the coccygeal cornua^ 
project upwards to articulate with the sacral cornua ; they are the homologues of 
the pedicles and superior articular processes of the movable vertebrae. A rudi- 
mentary transverse process projects laterally and slightly upwards from each side of 
the body of the filrst coccygeal vertebra and may ascend to articulate or fuse with the 
inferior lateral angle of the sacrum. In that event five pairs of foramina are found 
in the sacrum. 

The second^ third md fourth coccygeal vertebrae diminish successively in size and 
are usually fused with one another. They are mere nodules of bone, which repre- 
sent the- rudimentary bodies of the vertebrae, although the second may show 
traces of transverse processes and pedicles. 
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Particular features.-— The lateral parts of the anterior ^^^r/ace, including the rudimentary 
transverse process, give insertion to the levators ani and the coccygei. The anterior sacro- 
coccygeal ligament is attached to the front of the body of the first, and may extend down- 
wards to reach the second, coccygeal vertebra (fig. 640). The cornua give attachment to the 
intercomual ligaments. The interval between the body of the fifth sacral vertebra and the 
articulating sacral and coccygeal cornua on each side represents the intervertebral foramen 
between the fifth sacral and the first coccygeal vertebra, and transmits the fifth sacral nerve. 
The posterior primary ramus of that nerve descends behind the rudimentary transverse 
process, but its anterior primary ramus passes forwards through a foramen placed between 
the transverse process and the sacrum and bounded laterally by the lateral sacrococcygeal 
ligament, which connects the process to the inferior lateral angle of the sacrum. The 
posterior aspect of the coccyx gives origin, on each side, to the gluteus maximus muscle and, 
at its tip, to the sphincter ani externus. The median area gives attachment to the deep and 
superficial posterior sacrococcygeal ligaments. The latter extends downwards from the 
margins of the sacral hiatus and may close the lower end of the sacral canal. The filum 
terminale, which is situated between the two ligaments, blends with them on the posterior 
surface of the first coccygeal vertebra. 

Fig. 281. — The coccyx. Anterior aspect. Fig. 282.— -The coccyx. Posterior aspect. 
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The ossification of the vertebral column. — Each typical vertebra is ossified from three 
primary centres (fig, 283), two for the vertebral arch, and one for the body.* Ossification 
of the vertebral arches begins in the upper cervical vertebrae about the seventh or eighth 
week of intrauterine life, and gradually extends down the column. The centres first appear 
in the situations where the transverse processes afterwards project, and spread backwards to 
the laminae, forwards into the pedicles and laterally into the transverse processes. Ossifica- 
tion of the bodies begins in the lower thoracic vertebrae about the eighth week of intrauterine 
life, and subsequently extends upwards and downwards along the column. The centre for 
the body constitutes the centrum, which does not correspond to the whole of the body of the 
adult vertebra, for the posterolateral portions of the body are ossified from the centres for 
the vertebral arch. During the first few years of life the centrum is connected to each half of 
the vertebral arch by a primary cartilaginous joint, termed the neurocentral joint In the 
thoracic region the costal facets on the bodies lie behind the neurocentral joints. At birth 
a vertebra consists of three pieces, viz., the centrum and the halves of the vertebral arch. 
During the first year the halves of the arch unite behind, union taking place first in the 
lumbar region and then extending upwards through the thoracic and cervical regions. In 
the upper cervical vertebrae the centra unite with the arches about the third year, but in the 
lower lumbar vertebrae union is not completed until the sixth year. Until puberty the 
upper and under surfaces of the bodies and the ends of the transyerse processes and spines 
are cartilaginous, but about the sixteenth year five secondary centres appear, one for the 
tip of each transverse process, one for the end of the spine, and two annular epiphyseal 
discs for the circumferential parts of the upper and lower surfaces of the body (figs. 284^ 
285). The costal articular facets arise as extensions of the annular epiphyseal discs ( Dixon j.f 
These secondary centres fuse with the rest of the bone about the age of twenty-five years. 
In the bifid spines of the cervical vertebrae there are two secondary centres. 

Exceptions to this mode of ossification occur ia the first, second, and seventh cervical 
vertebrae, and in the lumbar vertebrae. 

* The body is occasionally ossified from two lateral centres which sometimes fail to unite. 
The suppression of one of these centres leads to the formation of a wedge-shaped vertebra, 
and is a well-recognised cause of lateral curvature of the vertebral column. The con- 
dition is frequently multiple. 

t A. Francis Dixon, Journal of Anatomy, vol. Iv., October 1920. 
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The atlas, or first cervical vertebra, is usually ossified from three centres (fig. 286). One 
appears in each lateral mass about the seventh week of intrauterine life, and gradually ex- 
tends into the posterior arch, where the two unite between the third and fourth years, either 
directly or through the medium of a separate centre. At birth, the anterior arch consists 
of fibrocartilage ; in this a separate 

Fig. 283. — ^The ossification of a typical vertebra. 
By 3 prirmry centres 

1 for centrum (8th weeTc) 


centre appears about the end of the 
first year, and unites with the lateral 
masses between the sixth and eighth 
years — the lines of union extending 
across the anterior portions of the 
superior articular facets. Occasion- 
ally the anterior arch is formed by 
the forward extension and ultimate 
union of the centres for the lateral 
masses ; sometimes it is ossified from 
two laterally placed centres. 

The axis, or second cervical ver- 
tebra, is ossified from five primary 
and two secondary centres (fig. 
287). The vertebral arch is ossified 
from two primary centres, and the 
centrum from one, as in a typical 
vertebra ; the centres for the arch 
appear about the seventh or eighth 
week of intrauterine life, the centre 
for the centrum about the fourth or 
fifth month. The odontoid process 
(dens) represents the centrum of the 
atlas, and is ossified almost entirely 
from two laterally-placed centres ; 
these appear about the sixth month 
of intrauterine life, and join before 
birth to form a conical mass, deeply 
cleft above. A wedge-shaped piece of 
cartilage fills the cleft and forms 
the summit of the process : in this 
cartilage a centre appears about the 
second year and unites with the main 
mass of the process about the twelfth 
year. It is regarded as representing 
the proatlas.* The base of the pro- 
cess is separated from the body of the 
axis by a cartilaginous disc, the cir- 
cumference of which ossifies, but the 
centre remains cartilaginous until 
advanced age ; in this cartilaginous 
disc rudiments of the lower epiphys- 
eal lamella of the atlas and the upper 
epiphyseal lamella of the axis may 
sometimes be found. In addition to 
these centres there is one for a thin 
epiphyseal plate on the under surface 
of the body of the bone ; it appears 
about the time of puberty. 

The seventh cervical vertebra.— 
The costal processes of this vertebra 
are usually ossified from separate 
centres, which appear about the sixth 
month of intrauterine life, and join 
the body and transverse processes 
between the fifth and sixth years. 
As already stated (p. 213), the costal 
processes may persist as separate 
pieces, and grow laterally and for- 
wards, to constitute cervical ribs. 
Separate ossifio centres have also 
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Fig. 286. — The ossification of the atlas. 
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Fig. 287. — ^The ossification of the axis. 
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Fig. 288. — ^The ossification of a lumbar vertebra. 
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been found in the costal processes of the fourth, fifth, and sixth cervical vertebrae. 

*iSee“The Evolution of the Vertebral Column.” Edited by J. F. Gaskell and 
H. L. H. H. Green. Camb. Univ. Press, 1933. 
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Fig. 289. — ^The ossification of the 
sacrum and eoec37x. 


At birth 



Fig. 290. 


At 
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The lumbar vertebrae (fig. 288) have each two additional centres, one for each mamillary 
process. 

The sacrum (figs. 289 to 292). — ^Each sacral vertebra is ossified from three primary 
centres, one for the body and two for the vertebral arch. Two epiphyseal plates are ossified 

for each body, one for the upper and the other 
for the lower surface. 

The anterior portions of the lateral masses 
of the sacrum have six additional (costal) 
centres, two for each of the first three vertebrae ; 
these appear above and lateral to the anterior 
sacral foramina (figs. 289, 292). 

Two epiphyseal plates are developed on 
each lateral surface of the sacrum (figs. 291, 
292) ; one for the auricular surface, and 
another for the thin edge of bone below this 
surface. 

The ends of the spines of the upper three 
sacral vertebrae are sometimes developed from 
separate epiphyses, and Fawcett * has pointed 
out that a number of epiphyses are present in 
the sacrum at the eighteenth year (fig. 293). 
These are distributed as follows : One for each 
of the two mamillary processes of the first 
sacral vertebra ; six on each side, in connexion 
with the costal processes (two each— an anterior 
and a posterior — ^for the first and second, and 
one each — an anterior — ^for the third and 
fourth vertebrae) ; and eight, four on each side, 
for the transverse processes, one each for the 
first, third, fourth and fifth. He is also of 
opinion (1) that the auricular facets on the 
lateral surfaces of the sacrum are in the main 
formed by the development and fusion of the 
costal epiphyses of the first and second sacral 
vertebrse, and (2) that the lower part of each 
lateral surface is formed by the extension and 
union of the costal epiphyses of the third and 
fourth, with the epiphyses of the transverse pro- 
cesses of the fourth and fifth sacral vertebrse. 

Th& periods of ossification of the sacrum , — The 
centres for the bodies of the first, second and 
third sacral vertebrse appear towards the end of 
the third month, and those for the bodies of the 
fourth and fifth vertebrse between the fifth and 
eighth months of intrauterine life. The centres for 
the vertebral arches appear about the fifth month, 
and those for the costal processes of the lateral 
parts of the bone between the sixth and eighth 
months of intrauterine life. The first step in the 
consolidation of the sacrum is the union of these 
separate parts of the individual vertebraB. The 
costal element unites with the vertebral arch, 
before the latter joins the centrum, and this 
process precedes the union of the laminse with 
one another. The fusion of the vertebral arches 
with the centra is completed at or soon after 
the eighth year, and traces of the neurocentral 
joints of the first sacral vertebra can be 
found after union is complete in the other 
vertebrse. About the same time or a little later 
the laminse fuse with one another, and this 
process usually begins above and extends in a 
downward direction, but it is not uncommon 
to find the laminse of the fourth sacral vertebrse 
fused with one another before the process is completed in the first. 

The parts of the individual vertebrse are united before puberty. At that time epiphyseal 
centres develop (1) for the upper and lower surfaces of the bodies, (2) for the spines, 

* E. Fawcett, AnatomiscTier Anzeiger, Bd. xxx., 1907, 
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292. — ^The base of the sacrum of 
a child. 
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and (3) for the extremities of the costal and transverse process elements. At the same 
time the articular processes and the conjoined costal and transverse process elements 
begin to fuse with one another, from below 
upwards, but fusion of the individual 
vertebrae cannot be^ completed until the 
upper and lower epiphyses have united 
with the bodies, a process which is rarely 
completed before the twenty-first year. 

Traces of the intervertebral disc between 
the first and second sacral vertebrae can 
be found up to, and often after, middle 
life. 

The coccyx. — ^Each segment of the 
coccyx is ossified from one primary centre. 

These appear as follows : in the first seg- 
ment between the first and fourth years ; 
in the second between the fifth and tenth 
years ; in the third between the tenth and 
fifteenth years ; in the fourth between the 
fourteenth and twentieth years. A second- 
ary centre appears for each coccygeal cornu, 
and a pair of epiphyseal plates for each of 
the rudimentary bodies have been de- 
scribed. As age advances, the segments 
unite with one another, the union between 
the first and second being frequently de- 
layed until the age of thirty years. At a late period of life, especially in females, the 
coccyx often fuses with the sacrum. 

The Vertebral Colttmh as a Whole 

The vertebral column is situated in the median plane, at the posterior part of the 
trunk. Its average length in the male is about 70 cm. ; of this the cervical part meas- 
ures about 12 cm., the dioracic 28 cm., the lumbar 18 cm., and the sacrum and coccyx 
about 12 cm. The average length of tihe female vertebral coluiim is about 60 cm. 

The curves of the vert^ral column, — ^Viewed from the side (fig. 294), the vertebral 
column presents cervical, thoracic, lumbar, and pelvic curves. The thoracic and 
pelvic curves are termed primary curves, as they are concave ventrally during foetal 
life and retain the same type of curvature after birth. The cervical and lumbar 
curves are secondary or compensatory ; the cervical curve appears late in intra- 
uterine life and is accentuated when the child is able to hold up its head (at three or 
four months), and to sit upright (about nine months) ; the lumbar curve appears at 
twelve to eighteen months, when the child begins to walk. The cervical curve is 
convex forwards, and is the least marked of the four ; it begins at the atlas, and ends 
at the middle of the second thoracic vertebra. The thoracic curve is concave 
forwards, and reaches from the middle of the second to the middle of the twelfth 
thoracic vertebra ; it is caused by the greater depth of the posterior parts of the 
vertebral bodies. The lumbar curve is convex forwards and is more pronounced 
in the female than in the male ; it reaches from the middle of the last thoracic 
vertebra to the lumbosacral angle, and the convexity of the lower three segments 
is greater than that of the upper two ; it is caused mainly by the greater depth of 
the anterior parts of the intervertebral discs, but the shape of the vertebral bodies 
also helps to produce it. The pelvic curve extends from the lumbosacral joint 
to the apex of the cocc5rx ; its concavity faces downwards and forwards. 

In the upper part of tifie thoracic region of the vertebral column there is some- 
times a slight lateral curvature, with its convexity directed towards the right side 
in right-handed persons, and to the opposite side in the left-handed. 

‘ The anterior surface of the vertebral column.— When viewed from the front, 
the width of the bodies of the vertebrae is seen to increase from the second cervical 
to the first thoracic ; there is tfien a slight diminution in the next three vertebrae : 
below this there is again a gradual and progressive increase in width down to the 
lumbosacral angle. From this level there is a rapid diminution, to the apex of 
the coccyx. 

The posterior surface of the column presents the spines of the vertebrae in the 
median plane. In the cervical region (with the exception of the second and seventh 


Fig. 293. — ^The epiphyses of the costal and 
transverse processes of the sacrum at the 
eighteenth year. (E. Fawcett.) 

1 


G. 1 
C. 1 

3 

G. 2 
G. 2 

4 

as 

5 

0. 4 

A.G. 1, 2, 3, 4, Anterior epiphyses for first, second, 
third and fourth costal processes. P.C. 1, 2, Posterior 
epiphyses for first and second costal processes. T. 1, 
3, 4, 5, Epiphyses for the first, third, fourth and fifth 
transverse processes. 
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Fig. 294. — ^The vertebral column. Left 
lateral aspect. 



vertebrse) these are short and nearly hori- 
zontal, with bifid ends. In the upper part 
of the thoracic region they are directed 
obliquely downwards; in the middle 
part they are long and almost vertical ; 
in the lower part of the thoracic region 
and in the lumbar region they are nearly 
horizontal. They are separated by con- 
siderable intervals in the cervical and 
lumbar regions, but are closely approx- 
imated in the middle of the thoracic 
region. Occasionally a spine may deviate 
from the median plane — a fact to be re- 
membered in practice, as irregularities of 
this sort are attendant also on fractures 
or displacements of the vertebral column. 
At the sides of the spines the vertebral 
grooves lodge the deep muscles of the 
back. In the cervical and lumbar regions 
these grooves are shallow and are formed 
by the laminae of the vertebrae ; in the 
thoracic region they are deep and wide, 
and are formed by the laminae and trans- 
verse processes. Lateral to the laminae 
are the articular processes, and still 
more lateral the transverse processes. In 
the thoracic region the transverse pro- 
cesses lie on a plane considerably behind 
that of the same processes in the cervical 
and lumbar regions. In the cervical 
region the transverse processes are placed 
in front of the articular processes, lateral 
to the pedicles, and between the interver- 
tebral foramina. In the thoracic region 
they are behind the pedicles, interver- 
tebral foramina, and articular processes. 
In the lumbar region they are in front of 
the articular processes, but behind the 
intervertebral foramina. The size of the 
transverse processes of the atlas has 
already been emphasised (p. 209), and 
the breadth from the tip of one trans- 
verse process to the tip of die other has 
been contrasted with the same measure- 
ment in the axis. This measurement 
shows little variation from the second to 
the sixth cervical vertebra, but in the 
seventh it shows a substantial increase. 
In the thoracic region the measurement 
is greatest in the first and then graduaJly 
diminishes, being least in the twelfth, 
where the transverse process elements 
are usually reduced to mere vestiges. 
In the first lumbar vertebra the measure- 
ment is greater, in the second it is further 
increased, while in the third it is greater 
than it is in any of the other vertebrae. 
In the fourth and fifth it suffers a slight 
reduction. 

The lateral surfaces of the vertebr^ 
column are separated from the posterior 
surface by the articular processes in the 
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cervical and lumbar regions, and by the transverse processes in the thoracic region. 
The anterior part of the lateral surface of the column is formed by the sides of the 
bodies of the vertebrae, marked in the thoracic region by the facets for articulation 
with the heads of the ribs. The intervertebral foramina are placed behind the 
bodies and between the pedicles ; they are oval in shape, smallest in the cervical 
and upper part of the thoracic regions, and gradually increasing in size to the last 
lumbar ; they transmit the spinal nerves and vessels. 

The vertebral canal follows the curves of the column ; it is large and triangular 
in the cervical and lumbar regions, where movement is free, but small and circular 
in the thoracic region, where motion is more limited. 

Applied Anatomy , — ^Although there is only a very limited amount of movement between 
any two contiguous vertebrae, there is a considerable range of movement in the vertebral 
column as a whole. The intervertebral discs act as buffers between the different segments 
and counteract or neutralize the effect of jars or shocks which may be applied to the column ; 
for example, dropping from a height on to the feet rarely causes concussion of the brain or 
spinal cord. The security of the colunon is also increased by the presence of the curves, 
which enable it to bend without breaking. The vertebrae are so firmly united to one another 
that violence applied to the column is more likely to produce fracture or dislocation than a 
tearing of ligaments. 

Fractures or fracture dislocations of the vertebral column are the result of (1) forced 
flexion, e.g. by a violent blow on the back from a large object, and (2) violence transmitted 
along the long axis of the column, e.g. by falling on to the feet from a height, or by diving on 
to the head. In the first group the injury commonly occurs at the level of T. 5 or T. 6. 
In the second group, owing to the normal curvature of the vertebral column, the injury is 
also a flexion fracture and its site is between T. 9 and L. 2. In either case the upper segment 
is driven forwards on the lower, and the spinal cord is compressed between the body of the 
vertebra immediately below, and the arch of the vertebra immediately above the injury. 
Since the spinal cord does not extend below the level of the upper border of the second 
lumbar vertebra it follows that partial dislocations, or gunshot wounds, below this level are 
less serious than those above it. 


THE STERNUM 

General features .r— The sternum (figs. 295 to 297) is along flat bone, forming 
the median portion of the anterior w^ of the thorax. Its average length is 
17 cm., and is rather greater in the male than in the female. Its upper end supports 
the clavicles, and its margins articulate with the* cartilages of the first seven pairs of 
ribs. It consists of three parts, named from above downwards, the manubrium^ 
the body and the xiphoid process ; in early life the body consists of four segments. 
In its natural position the inclination of the bone is oblique from above, down- 
wards and forwards. It is slightly convex in front, and concave behind ; it is 
broad above, narrow at the junction of the manubrium with the body, below which 
it gradually widens as far as the level of the articulations of the cartilages of the 
fifdi ribs, and then narrows quickly to its lower end. 

The manubrium stcrni is of a somewhat triangular form, broad and thick 
above, narrow below at its junction with the body. Its anterior surface is smooth, 
convex from side to side and concave from above downwards. Its posterior surface 
is concave and featureless. The superior border is thick, and presents at its centre 
the suprasternal (jugular) notch ; on each side of this notch there is an oval articular 
surface, directed upwards, backwards, and laterally, for articulation with the 
sternal end of the clavicle, and termed the clavicular notch. The inferior border^ 
oval and rough, is covered in the recent state with a thin layer of cartilage, for 
articulation with the upper end of the body. The lateral borders are each marked 
above by a depression for the reception of the first costal cartilage, and below by a 
small articular facet, which, with a similar one on the upper angle of the body, forms 
a notch for the sternal end of the cartilage of the second rib. Between &e de- 
pression for the first costal cartilage and the facet for the second, the narrow curved 
edge slopes from above downwards and medially. The widest part of the sternum 
is at the level of the first costal cartilages. 

The body of the sternum is longer, narrower, and thinner than the manubrium, 
md attains its greatest breadth close to the lower end. Its anterior surface:, nearly flat, 
is directed forwards and upwards, and is marked by three iU-defined transverse 
ridges, which indicate the fines of fusion of four originally separate segments. A 
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sternal foramen^ of varying size and form, is occasionally seen at the junction of the 
third and fourth pieces of the body (p. 86). posterior surface^ slightly concave, is 

also marked by three transverse lines, less distinct, however, than those on the 
anterior surface. The upper end is oval and articulates with the manubrium at the 
sternal angle^ which forms a ridge that can be felt through the skin without difficulty. 
The lower end is narrow, and articulates with the xiphoid process. Each lateral 

Fig. 295. — ^The sternum and costal cartilages. Anterior aspect. 


STERNOMASTOID M. 



border (fig. 297), at its superior angle, has a small notch, which, with a similar one on 
the manubrium, forms a cavity for the reception of the sternal end of the cartilage of 
the second rib ;■ below this, four costal notches articulate with the sternal ends of the 
cartilages of the third, fourth, fifth and sixth ribs ; the inferior angle has a small 
facet, which, with a similar one on the xiphoid process, forms a notch for the recep- 
tion of the cartilage of the seventh rib. These articular depressions are separated 
by a series of curved edges, which diminish in length from above downwards, and 
correspond to the anterior ends of the intercostal spaces. 
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The xiphoid process is the smallest piece of the sternum and is thin and elon- 
gated. It is car^aginous in youths but, at its upper part, more or less ossified in the 
adult. Above, it articulates with tibe lower end of the body of the bone, and on the 
front of each superior angle there is a facet for a part of the cartilage of the seventh rib. 

The xiphoid process varies greatly ; it may be broad and thin, pointed, bifid, 
perforated, curved, or deflected to one or other side. 


Particular features.— The manubrium li^ opposite the third and fourth thoracic ver- 
tebrae, Its anterior surface, on each side, gives attachment to the sternal origins of the 
pectoralis major and stemomastoid muscles. Its posterior surface gives origin to the sterno- 
thyroid muscle, opposite the first costal cartilage ; above this level the most medial fibres 
of the sternohyoid usually arise from the bone (fig. 296). This surface forms the anterior 
boundary of the superior mediastinum and its lower part is related to the arch of the aorta, 


Fia. 296.— The sternum. Posterior aspect. Pig. 297.— The sternum. Lateral aspect. 
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a,nd its upper part to the left innominate vein and the innominate, left common carotid and 
left subclavian arteries. Its lateral portions are related to the lungs and pleurse. The 
su/prasternal notch gives attachment to some of the fibres of the interolavicular ligament. 
On the lateral border no joint cavity is interposed between the manubrium and the first 
costal cartilage, and the union is of the nature of a primary cartilaginous joint. 

The body lies opposite the fifth to the ninth thoracic vertebrae. Its avierior surface gives 
attachment, on each side, to the articular capsules of the sternocostal joints and to the 
sternal origin of the pectoralis major muscle. Its posterior surface gives origin inferiorly 
to the sternocostalis (trans versus thoracis) muscle, and presents numerous important 
relationships. On the right side of the median plane it is related to the right pleura and the 
thin, anterior border of the right lung, which intervene between it and the pericardium. 
To the left of the median plane the upper two pieces are related to the left pleura and limg, 
but the lower two are directly related to the pericardium. The borders give attachment to 
the anterior intercostal membranes in the intervals between the costal notches. With the 
exceptions of the first and the sixth the cartilages of the true ribs articulate with the ster- 
num at the lines of junction of its primitive component segments ; this is well seen in many 
of the lower animals, where the parts of the bone remain ununited longer than in man. 

The xiphoid process lies in the floor of the epigastric fossa. Its anterior surface gives 
insertion to the most medial fibres of the rectus abdominis and to the aponeuroses of the 
external and internal oblique muscles. Its lower end gives attachment to the linea alba, 
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and its borders to the aponeuroses of the internal oblique and transversus abdominis muscles. 
Its posterior aspect gives origin, on each side, to some of the fibres of the diaphragm, and is 
related to the anterior surface of the liver. 

Structure. — The sternum is composed of highly vascular spongy substance 
covered by a layer of compact bone^ which is thickest on the manubrium between 
the clavicular notches. 

Ossification. — ^At an early stage of development (p. 86) the sternum con- 
sists of two cartilaginous sternal plates, one on each side of the median plane. 
Opposite the first eight pairs of ribs these plates fuse in the median plane about 
the eighth week to form the cartilaginous sternum, which is ossified from six 
centres : one for the manubrium, four for the body, and one for the xiphoid 
process (fig. 298). 


I^G. 298. — ^The ossification of the sternum. 
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These centres appear in the intervals between the costal notches in the following order : 
in the manubrium and first piece of the body, during the sixth month of intrauterine life ; in 
the second and third pieces of the body, during the seventh month of intrauterine life ; in the 
fourth piece, shortly before birth ; and in the xiphoid process, in the third year or much 
later.* Two small episternal centres sometimes appear, one on each side of the suprasternal 
notch ; they are probably vestiges of the episternal bone of the monotremes and lizards. 
The manubrium may have two, three, or more centres ; when two are present, one is 
generally situated above the other, the upper being the larger. The first segment of the 
body seldom has more than one centre ; but the second, third, and fourth segments are often 
ossified from two laterally placed centres. 

Union between the centres for the body begins about puberty, and proceeds 
from below upwards (fig. 299) ; by the age of twenty-five they are all united. 
The xiphoid process usually fuses with the body about the age of forty years, 
but may remain ununited in old age. In advanced life the manubrium is 
occasionally joined to the body by bone, but when this occurs only the superficial 
part of the intervening cartilage is converted into bone ; the central part 
remains unossified. 


THE EIBS [COSTiE] 

The ribs are elastic arches of bone, which are connected behind with the ver- 
tebral column, and form a large part of the skeleton of the thorax. They are twelve 
in number on each side ; but this number may be increased by the development of 
a cervical or a lumbar rib, or may be reduced to eleven. The first seven are con- 
nected in front, through the intervention of the costal cartilages, with the sternum 
(fig. 295) ; they are called true ribs.f The remaining five false ribs ; of these 

* Paterson {The Human Sternum, 1904) found the fourth or lowest centre for the body 
present only in 26*9 per cent, of cases. 

f Sometimes the eighth rib cartilage articulates with the sternum ; this condition occurs 
more frequently on the right side than on the left. 
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the cartilages of the eighth, ninth and tenth are joined each to the cartilage of the 
rib immediately above ; the eleventh and twelfth are free at their anterior ends and 
are termed floating ribs. 


Fig. 300. — A typical rib of the left side. Inferior aspect. 

Angle I N on-artioular part of tubercle 


Articular part of tubercle 


The ribs are situated one below the other in 
such a manner that spaces, called intercostal spaces^ 
are left: between them. The length of each space 
^Goetal groove corresponds to that of the adjacent ribs and fiieir 
cartilages ; the spaces are deeper in front than 
behind, and they are deeper between the upper 
than between the lower ribs. The ribs vary in 
their direction, the upper ones being less oblique 
than the lower; the obUquity reaches its maximum 
at the ninth rib, and gradually decreases from 
that rib to the twelfth. The ribs increase in 
length from the first to the seventh, below which 
they diminish to the twelfth. In breadth they 
decrease successively fi:om above downwards ; in 
the upper ten the greatest breadth is at the anterior 
extremity. The first two and the last three ribs 
present special features, but the remaining seven 
conform to a common plan. 

General features of the ribs (figs. 300, 301 ). — K 
rib from the middle of the series should be taken 
. Body ^ order to study the general features of a t5rpical 

rib. 

Each rib has a posterior and an anterior end, 
and an intervening portion — ^the shaft. 

The anterior end can be distinguished by 
the presence of a small cup-shaped depression, 
which receives the lateral end of the costal cart- 
ilage. The shaft is curved with the convexity 
outwards, and is grooved along the lower part 
of its inner surface so that the lower border of 
the shaft is thin and sharp in contrast to the thick, 
rounded upper border. With this information the 
student is in a position to assign a typical rib 
correctly to its side of the body. 

The posterior or vertebral end possesses 
a head, a neck and a tubercle. 

The head presents two facets, an upper and a 
lower, separated by a transverse ridge, named the 
crest The lower facet, which is the larger, art- 
iculates with the body of the numerically corre- 
sponding vertebra ; the upper facet articulates 
with the vertebra above, and the crest of the head 
is placed opposite the intprvertebral disc. 

The neck is the flattened portion which suc- 
ceeds the head ; it is about 2-5 cm. long and 
lies in front of the transverse process of the 
numerically corresponding vertebra. It is placed obliquely so that its anterior 
surface faces forwards and upwards. Its posterior surface is directed backwards 
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and downwards, and is roughened and pierced by numerous foramina. Its upper 
border is sharp and forms the crest of the neck of the rib : its lower border is 
rounded. 

The tubercle is placed on the outer surface of the posterior part of the rib, at the 
junction of the neck with the shaft ; it is more prominent in die upper than in the 
lower ribs and is divided into a medial articular and a lateral non-articular portion. 
The articular portion bears a small, oval facet for articulation with the transverse 
process of the numerically corresponding vertebra; the non-articular portion is 
rough for ligamentous attachments. 

The shaft is thin and flattened, with an external and an internal surface, a 
superior and an inferior border. It is not only curved but is also bent, and the angle 
is situated. 5-6 cm. from the tubercle. In addition, the shaft is slightly twisted in 
its long axis, and this may be demonstrated if the rib is placed with its lower border 
in contact with a horizontal surface. The part behind the angle inclines medially 
and upwards, and its outer surface faces downwards and backwards ; in front of 



the angle the outer surface faces slightly upwards. The external surface is convex 
and smooth. A short distance from lie tubercle it is crossed by a rough line, 
directed downwards and laterally, which marks the position of the angle. The 
internal surface is smooth and is marked along its lower border by a groove, termed 
the costal groove^ which is bounded below by the inferior border of the shaft. The 
upper border of the groove is continuous behind with the lower border of the neci, 
but anteriorly it terminates at the junction of the middle and anterior thirds of the 
shaft ; in front of this point, the groove is absent. 

The first rib (fig. 302) is the most curved and usually the shortest of the ribs ; 
it is broad and flat, its surfaces facing upwards and downwards, and its borders in- 
wards and outwards. It is placed very obliquely in the body — sloping downwards 
and forwards from its vertebral to its sternal end. The head is small and rounded, 
and bears a single, nearly circular, articular facet, which articulates with the upper 
part of the side of the body of the first thoracic vertebra. The neck is rounded, 
and is directed upwards, backwards and laterally. The tubercle^ thick and pro- 
minent, is greeted upwards and backwards ; it bears an oval facet on its medial 
part for articulation with the transverse process of the first thoracic vertebra. At 
the tubercle the rib is bent, so that the head of the bone is directed slightly down- 
wards ; the angle md the tubercle therefore coincide. The upper surface of the 
shaft is crossed obliquely by two shallow grooves, separated from each other by a 
slight ridge, which ends at the inner border of the rib in a small projection, termed 
the scalene tubercle. The under surface is smooth and has no costal groove. The 
outer border is convex, thick behind, but thin in front. The inner border is concave 
and thin, and marked near its centre by the scalene tubercle. The anterior end is 
larger and thicker than that of any of the other ribs. 
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The second rib (fig. 303) is about twice the length of the first, but has a similar 
curvature. The non-articular portion of the tubercle is often small. The angle 
is slight, and situated close to the tubercle. The shaft is not twisted, so that both 
ends of it touch any plane surface upon which the rib ma y be laid ; but at the 
tubercle there is an upward convexity, similar to, but smaller than, that found in the 


Fig. 302. — The first rib of the left side. Superior aspect. 



first rib. The external surface of the shaft is convex, and looks upwards and a litde 
outwards ; near its middle it is marked by a rough, muscular impression. The 
internal surface^ smooth and concave, is directed downwards and a little inwards ; 
on its posterior part there is a short costal groove. 

The tenth rib has a single articular facet on its head. 



The eleventh and twelfth ribs (fig. 304) have each a single articular facet on 
the head, which is relatively large ; they have no necks of tubercles ; their 
anterior ends are pointed and tipped with cartilage. The eleventh has a slight angle 
and a shallow costal groove. The twelfth has neither ; it is much shorter than die 
eleventh, and its vertebral end is directed slighdy upwards. The iimer surfaces 
of both ribs look upwards as well as inwards, the upward inclination being more 
marked in the twelfth. Sometimes the, twelfth rib is shorter than the first. 

Particular features. — ^The head of a typical rib gives attachment along its anterior border 
to the radiate ligament, and its crest to the intra-articul^r ligament. The anterior surface 
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of the head is related to the costal pleura, and, in the lower ribs, to the sympathetic timk. 
The anterior surface of the neck is divided into an upper and a lower area by a faint ridge, 
which affords attachment to the posterior intercostal membrane and is continuous with the 
inner of the two lips on the superior border of the shaft. The upper area, of varying size and 
more or less triangular in shape, is separated from the posterior intercostal membrane by 
some fatty tissue ; the lower area is smooth and covered with the costal pleura. The posterior 
surface of the neck gives attachment to the inferior costotransverse ligament (ligamentum 
colli costae) and is pierced by numerous vascular foramina. The crest of the neck is rough for 
the attachment of the superior costotransverse (anterior costotransverse) ligament, and it 
can be traced laterally into the outer Hp of the superior border of the shaft. The inferior 
border of the neck is rounded and can be traced laterally into the upper border of the costal 
groove ; it gives attachment to the posterior intercostal membrane. The articular part of the 
tubercle conforms to the shape of the articular facet on the transverse process of the corre- 
sponding vertebra. In the upper six ribs it is convex and faces backwards and medially ; in 

the succeeding three or four ribs it is flattened and 
faces downwards, backwards and slightly medially. 
The non-articular part of the tubercle gives attach- 
ment to the lateral costotransverse ligament (liga- 
ment of the tubercle of the rib). 

The ridge which marks the angle on the external 
surface of the shaft of a typical rib gives attachment 
to the upward continuation of the lumbar fascia 
and the most lateral fibres of the iliocostocervicalis 
(iliocostalis) muscle. From the second to the tenth 
ribs the distance between the angle and the tubercle 
becomes progressively greater. Medial to the angle, 
the external surface gives attachment to the corre- 
sponding levator costse and is covered by the sacro- ‘ 
spinalis muscle. Near the sternal end of this surface an indistinct, oblique line (which marks 
the anterior angle) separates the origins of the external oblique and the serratus anterior 
(or latissimus dorsi, in the cases of the ninth and tenth ribs). The costal groove on the. 
internal surface gives attachment to the internal intercostal muscle, which intervenes 
between the bone and the intercostal vessels and nerve. At the vertebral end of the bone 
the groove faces downwards, as its borders lie on the same plane. Near the angle the 
shaft broadens and the groove passes on to the internal surface. Numerous small nutrient 
vessels pierce the floor of the groove and traverse the shaft obliquely from before back- 
wards. The upper edge of the groove gives attachment to the intercostalis intimus, 
which rarely extends on to the anterior fourth of the rib. Posteriorly this edge is continuous 
with the lower border of the neck. The sharp lower border of the rib gives origin to the 
external intercostal muscle. Its upper border is marked, posteriorly, by an inner and an 
outer lip : the inner lip gives attachment to both the intercostalis internus and intimus ; 
the outer lip .gives attachment only to the intercostalis externus. 

The first rib (fig. 302) presents important particular features. The scalene tubercle and 
the adjoining part of the upper surface give insertion to the scalenus anterior muscle. 
The groove in front of the tubercle lodges the subclavian vein, and the irregularly roughened 
area which intervenes between it and the first costal cartilage gives attachment to the costo- 
clavicular ligament and, more anteriorly, to the subclavius muscle. The groove behind the 
tubercle is occupied by the subclavian artery and, as a rule, the lower trunk of the 
brachial plexus.* Behind this groove a rough area which extends as far as the tubercle 
gives insertion to the scalenus medius. The obliquity of the first rib is responsible for the 
obliquity of the thoracic inlet and accounts for the appearance of the apex of the lung 
in the root of the neck. 

The outer border of the first rib is thin anteriorly but is thicker behind, where it is 
covered by the scalenus posterior as it descends to the second rib for its insertion. It gives 
origin to the upper part of the first digitation of the serratus anterior, behind and opposite 
to the groove for the subclavian artery. The inner border gives attachment to the strong 
fascia which covers the cervical dome of the pleura. 

The second rib (fig. 303) bears a rough tuberde for the serratus anterior muscle on its ex- 
ternal surface just behind its midpoint ; tins tubercle gives origin to the lower part of the 
first and the whole of the second digitation. The costal groove is very poorly marked on the 
internal surface and is restricted to its posterior part. The second intercostal nerve lies 
between the second rib and the pleura in most of its course. The inner and outer lips of the 
upper border are distinct and are widely separated behind. Immediately in front of the 
poorly marked angle the outer lip is roughened to give insertion to the scalenus posterior. 

The twelfth rib (fig. 304), although short, gives attachment to numerous muscles and 
ligaments. The lower part of its anterior mrfacc, in its medial half to two-thirds, gives 

* The intirnate relationship of the artery to the first rib is often denied, but it can be 
demonstrated in most subjects in the dissecting room. 


Fig. 304. — ^The twelfth rib of the left 
side. Viewed from behind. 
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insertion to the q^uadratus lumborum muscle and its covering fascia. Lateral and superior 
to these attachments the surface is related to the costodiaphragmatic recess of the pleura. 
The lower border gives attachment to the middle lamella of the lumbar fascia and, at the 
lateral border of the quadratus lumborum, to the lateral arcuate ligament (lateral lumbo- 
costal arch). The lower border of the neck gives attachment to the lumbocostal ligament, 
by which it is connected to the transverse process of the first lumbar vertebra. The 
external surface gives attachment to the lowest levator costse, the longissimus thoracis, and 
the iliocostalis, in its medial half ; more laterally, it gives insertion to the serratus 
posterior inferior, and origin to the latissimus dorsi and the external oblique muscle of the 
abdomen. 

It should be observed that the lower limit of the pleural sac crosses the anterior aspect 
of the twelfth rib, approximately at the point where the rib is crossed by the lateral 
border of the iliocostalis muscle. The lateral extremity of the rib usually lies below the line 
of pleural reflection and is therefore not covered with pleura. 

Structure. — The ribs consist of highly vascular spongy substance, which is enclosed in 
a thin layer of compact bone, and contains a large proportion of red marrow. 

Ossification. — Each rib, with the exception of the first and the last two, is ossified from 
four centres ; a primary centre for the shaft, and three secondary centres, one for the head 
and one each for the articular and non-articular parts of the tubercle.* The primary centre 
appears near the angle, towards the end of the second month of intrauterine life, and is seen 
first in the sixth and seventh ribs. The secondary centres for the head and tubercle appear 
between the sixteenth and twentieth years, and unite with the shaft about the twenty- 
fifth year. The first rib has three centres, viz. : a primary one for the shaft, a secondary 
centre for the head, and one for the tubercle. The eleventh and twelfth ribs, being destitute 
of tubercles, have each only two centres. 


THE COSTAL CARTILAGES 

General features. — The costal cartilages (fig. 305) are bars of hyaline cartilage 
which extend forwards from the anterior ends of the ribs and contribute very 
materially to the elasticity of the walls of the thorax. The first seven pairs are 
connected with the sternum i the eighth, ninth, and tenth are articulated each with 
the lower border of the cartilage immediately above ; the lower two are pointed, and 
end in the muscular wall of the abdomen. The costal cartilages vary in their 
length, breadth and direction. They increase in length from the first to the seventh, 
and then gradually decrease to the twelfth. They dnninish in breadth from the first 
to the last, like the intervals between them. They are broad at their attachments 
to the ribs, and taper towards their medial extremities, with the exception of the 
first and second which are of the same breadth throughout, and the sixth, seventh, 
and eighth which are enlarged where their margins are in contact. The first 
cartilage descends a little, the second is horizontal, the third ascends slightly, while 
the others are angular, continuing the course of the ribs for a short distance, and then 
incUning upwards to the sternum or preceding cartilage. 

Particular features. — ^Each costal cartilage has two surfaces, two borders, and two ends. 
The anterior surface is convex, and faces forwards and upwards : that of the first gives 
attachment to the sternoclavicular articular disc, the costoclavicular ligament and the sub- 
clavius muscle ; those of the first six or seven at their medial ends, to the pectoralis major 
muscle. The others are covered by, and give partial attachment to, some of the flat muscles 
of the anterior abdominal wall. The 'posterior surface is concave, and directed backwards 
and downwards ; that of the first gives attachment to the sternothyroid, those of the second 
to the sixth inclusive to the sternocostahs (transversus thoracis), and the six lower ones to 
the transversus abdominis and the diaphragm. The superior border is concave, and the 
inferior convex ; they afford attachment to the internal intercostal muscles and the anterior 
intercostal membranes. The inferior borders of the sixth, seventh, eighth, and ninth carti- 
lages present heel-like projections at the point® of greatest convexity ; a similar heel-like 
projection occurs on the lower border of the fifth right cartilage in 72 per cent, and on the 
fifth left cartilage in 50 per cent. (Fawcett). On these projections, are oblong facets which 
articulate respectively with facets on slight projections from the superior borders of the 
sixth, seventh, eighth, ninth, and tenth cartilages. The lateral end of each cartilage is con- 
tinuous with the osseous tissue of the corresponding rib. The medial end of the first is oon- 

* E. Fawcett states that * in all probability there is usually no epiphysis on the non- 
articular part of the tuberosity below the sixth or seventh rib ’ {Journal of Anatomy and 
Physiology^ vol. xlv.). 
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tiiiuoiis with the sternum ; the medial ends of the six succeeding ca,rtilages are folded md 
articulate with the shallow costal notches on the lateral margins of the sternum. The mecM 
ends of the eighth, ninth, and tenth costal cartilages are pointed, and each is connected with 
the cartilage immediately above. Those of the eleventh and twelfth are pointed and free. 
In old age the costal cartilages are prone to undergo superficial ossification. 


THE THORAX 

The skeleton of the thorax, or chest (fig. 305), is an osseocartilaginous cage 
which contains and protects the principal organs of respiration and circulation. It 
is conical in shape, narrow above and broad below, flattened from before backwards, 
and longer behind tha rt in front. It is reniform on horizontal section on account of 
the forward projection of the vertebral bodies. 


Fig. 305.— The skeleton of the thorax. Anterior aspect. 



Boundaries ^ — Posteriorly it is formed by the twelve thoracic vertebrae and the 
posterior parts of the ribs. At each side of the vertebral column there is a wide and 
deep groove in consequence of the lateral and backward direction which the ribs 
follow from their vertebral extremities to their angles. Anteriorly it is formed by 
the sternum, the anterior ends of the ribs and the costal cartilages, and this surface is 
flattened or slightly convex. Laterally it is convex, and is formed by the ribs. The 
ribs and costal cartilages are separated from each other by the intercostal spaces, 
eleven in number, which are occupied by the intercostal muscles and membranes. 

The inlet of the thorax is reniform in shape ; its anteroposterior diameter 
is about 5 cm., its transverse about lo cm. It slopes downwards and forwards, 
and is bounded by the first thoracic vertebra behind, the superior border of 
the manubrium stemi in front, and the first rib on each side. The outlet is 
bounded by the twelfth thoracic vertebra behind, by the twelfth and eleventh 
ribs at the sides, and in front by the cartilages of the tenli, ninth, eighth, and seventh 
ribs, which ascend on each side and form an angle, termed the infrastemal {subcostal) 
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angle^ into the apex of which the xiphoid process projects. The outlet is wider 
transversely than from before backwards, and slopes obliquely downwards and 
backwards ; it is closed by the diaphragm, which forms the floor of the thorax. 

The thorax of the female differs from that of the male as follows : i. Its capacity 
is less. 2. The sternum is shorter, and its upper margin is on a level with the lower 
part of the body of the third thoracic vertebra, whereas in the male it is on a level 
with the lower part of the body of the second. 3. The upper ribs are more movable 
and so allow a greater expansion of the upper part of the thorax. 

Applied Anatomy . — ^Fracture of the sternum is by no means common, owing, no doubt, 
to the elasticity of the ribs and their cartilages, which support it like so many springs. 

The ribs are frequently broken, though from their connexions and shape they are able 
to withstand great force, yielding under pressure and recovering themselves like a spring. 
The middle ribs are the most liable to fracture. The first, and to a less extent the second, 
being protected by the clavicle, are rarely fractured ; and the eleventh and twelfth on 
account of their loose and floating condition enjoy a like immunity. The fracture generally 
occurs from indirect violence from forcible compression of the chest walls, and the bone 
then gives way at its weakest part, i.e. just in front of the angle. But the ribs may also 
be br&en by direct violence, in which case the bone is driven inwards at the point of impact. 
Fracture of the ribs is frequently complicated with some injmy to the viscera contained 
within the thorax or upper part of the abdominal cavity ; this is most likely to occur in 
fractures from direct violence. 

Cervical ribs derived from the seventh cervical vertebra (page 85) are of not infrequent 
occurrence, and are important clinically because they may give rise to nervous or vascular 
symptoms. The cervical rib may be a mere epiphysis articulating only with the trans- 
verse process of the vertebra, but more commonly it consists of a definite head, neck and 
tubercle, with or without a shaft. It extends laterally, or forwards and laterally, into the 
posterior triangle of the neck, where it may terminate in a free end or may join the first 
thoracic rib, the first costal cartilage, or the sternum.* It varies much in shape, size, 
direction, and mobility. If it reaches far enough forwards, its relations are similar to those 
of the first thoracic rib ; part of the brachial plexus and the subclavian artery and vein 
cross over it, and are apt to suffer compression in so doing. Pressure on the plexus affects 
the eighth cervical and first thoracic nerves, causing paralysis of the muscles they supply, 
and neuralgic pains, trophic changes and paraesthesia in the area of skin to which they are 
distributed ; no ocxilopupillary changes are to be found. 


THE SKULL 
INTRODUCTORY 

The paragraphs which fqllow are intended primarily for the student who has 
no previous knowledge of the skull, and may well be omitted by those who are 
already familiar with its principal features. The detailed description of the skull 
commences on p. 244. 

The skull is the skeleton of the head. It is made up of a large number of 
bones which, with the exception of the mandible or lower jaw, are so intimately 
connected to one another that no movement is possible between them. The lines 
along which the individual bones meet one another are, for the most part, very 
irre^ar and are frequently serrated like the edge of a saw (fig. 310). These 
immovable joints between the bones of the skull are termed sutures. They are easily 
seen in the skulls of young adults, but, as old age approaches, contiguous bones tend 
to fiise with each other and the suture lines become more or less obliterated. 

When the mandible is left out of account the remainder of the skull, strictly 
speaking, constitutes the cranium, but in this textbook, as well as in many others, 
the term skull is widely used with the same significance. The upper part of the 
cranium forms a box to enclose and protect &e brain, and is often termed the 
calvaria. The remainder of the skull forms xht facial skeleton^ of which the upper 
part is immovably fixed to the calvaria and the lower part is the freely movable 
mandible. 

The skull, considered as a whole, is of much ^eater importance to the student 
of medicine than the individual bones of which it is made up. Nevertheless, the 
position of the individual constituents must be determined before the student can 
be in a position to follow the more detailed description. 

The skull as a whole may be viewed ftom above (norma verticalis), from below 
(norma basalis), from behind (norma occipitalis), from in front (norma frontalis) 

* W. Thorburn, The Med. Chronicle, Manchester, 4th series, xiv. 1907. 
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and from the side (norma lateralis). The roof of the calvaria, or skull-cap may be 
removed and the interior of the skull may be examined. In ihe erect attitude the 
lower margins of the orbital openings and the upper margins of the external auditory 
meatuses he on the same horizontal plane, and it is important that the student 
should bear this in mind when he is examining the various aspects of the skull. 

The region of the forehead is formed by the Frontal bone (fig. 306), which 
passes backwards in the vault of the skull as far as the coronal suture^ where it meets 
the anterior borders of the right and left Parietal bones* These two bones to- 
gether form the greater part of the top of the head, and they articulate with each 
other at the serrated sagittal suture. Posteriorly they extend backwards to meet the 


Fig. 306. — The skull. Lateral aspect. (Norma lateralis.) 



Occipital bone^ which forms the back of ±e head. Owing to the A figure formed 
by the meeting of the sagittal with the parieto-occipital sutures, the latter are 
named the lambdoid suture. Each parietal bone extends downwards on the side 
of the vault until it meets the upper limit of the greater wing of the Sphenoid bone 
in front, and the squamous part of the Temporal bone behind. When the skull 
cap is removed, the section passes through the frontal bone and usually cuts across 
the lower part of the pariet^ bone, but it may involve the squamous part of the 
temporal bone. Posteriorly the section cuts the occipital bone. Consequently, the 
skull cap consists of (i) a large part of the frontal bone, (2) most of the two parietal 
bones, (3) possibly, small parts of the squamae of ±e temporal bones, and (4) a 
small part of the occipital bone. 

When the skull cap is removed, the floor of the calvaria, almost invariably termed 
the base of the skull, is exposed. It shows a natural subdivision into three areas, 
which are named the anterior, middle and posterior cranial fossae (fig. 307). The 
anterior cranial fossa forms less than the anterior ttod of the base and is limited 
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behind by a sharp edge on each side of the median plane. It is important to observe 
that the floor of the anterior cranial fossa constitutes the roof of the orbit, on each 
side, and the roof of the nose, in the median area. On each side of the median 
plane an orbital plate projects backwards from the Frontal bone and constitutes 


most of the roof of the orbit. These two 
interval, which is occupied by a per- 
forated strip of bone. This is termed 
the crihriforrn plate of the Ethmoid 
bone ; it forms a large part of the roof 
of the nose, while the rest of the bone 
to which it belongs participates in the 
formation of the side walls of the nose.- 
In the median plane the cribriform plate 
bears a crestlike elevation, termed the 
crista galli. The most posterior part of 
the floor of the anterior cranial fossa is 
formed by the Sphenoid bone* In the 
median area the front of the body of 
the sphenoid meets the cribriform plate 
of the ethmoid. On each side a narrow 
lesser wing projects laterally from the 
body of the sphenoid and meets the. 
posterior margin of the orbital plate of 
the frontal bone. It is the sharp pos- 
terior border of the lesser wing of the 
sphenoid bone which forms the posterior 
limit of the floor of the anterior cranial 
fossa on each side of the median plane. 

The middle cranial fossa (fig. 
307), which lies immediately behind 
die anterior fossa, is of small extent in 
the median region but is expanded, in 
a backward and lateral direction, on 
each side. The narrow median portion 
of the floor is formed by the body of 
the Sphenoid, the upper surface of 
which is hollowed out to contain the 
hypophysis cerebri — an important 
ductless gland. The floor of the 
lateral part of the fossa is formed by 
the greater wing of the sphenoid in 
front, and by the petrous part of the 
T emporal bone behind. The greater 
wing extends laterally from the side of 
the body of the sphenoid and curves 
upwards in the side of the skull to 
reach the antero-inferior part of the 
parietal bone. Behind it the floor of 
the fossa is formed by the anterior sur- 
face of the petrous part of the temporal 
bone, which is continuous laterally with 
the squamous part of the same bone. 

The posterior cranial fossa 


plates are separated by a relatively narrow 


Fig. 307. — The internal surface of the left 
half of the base of the skull. (Basis cranii 
interna.) 



(flg. 307) is almost circular in outline 

and occupies roughly two-fifths of the base of the skull. It is formed to a very 
large extent by the Occipital bone* The large opening in its floor, termed the 


foramen magnum, is placed entirely within that bone and allows the brain 
to become continuous with the spinal cord. The anterior part of the fossa is 
formed by the basilar part of the occipital bone, which is fused in front vdth the 
posterior part of the sphenoid bone. On each side the lateral wall of the fossa is 
formed by the posterior surface of the petrous, part of the temporal bone above, 
and by the condylar (lateral) part of the occipital bone, below. The mastoid part 
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of the temporal bone, which lies immediately behind the petrous part, helps the 
squamous part of the occipital bone to complete the fossa. 

When the skull is viewed from in front (norma frontalis, fig. 308) the orbits, 
which lodge the eyeballs, and the anterior aperture of the nose, can easily be 
identified. The part below the mouth is formed entirely by the body of the Man- 
dible ? the part above the mouth is formed almost entirely by the Maxillae, or 
upper jaws. These bones form the upper boundary of the mouth, and the lower 
and lateral boundaries of the anterior nasal aperture. In addition, on each side the 


Fiq. 308. — The skull. Anterior aspect. (Norma frontalis.) 
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maxilla forms the medial part of the lower margin of the orbit, which it helps the 
Zygomatic bone to complete, while its frontal process ascends in the medial 
margin of the orbit to reach the Frontal bonc^ The frontal processes of the two 
ma^Slae are separated from each other by the two Nasal bones, which form the 
upper boundary of the anterior nasal aperture. 

When the skull is viewed firom the side (norma lateralis, fig. 306) the ramus 
of the Mandible, which passes from the posterior end of the body of the bone 
upwards and slightly backwards to reach the cranium, can be identified without 
difficulty.* The head of the mandible, which lies at the upper end of the posterior 
border of the ramus, is received into the articular fossa on the under surface of the 
squamous part of the temporal bone. The back of the mandibular head is separated 
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from the ear passage, termed the external auditory meatus^ by the tympanic part of the 
temporal bone. Above and in front of the meatus the thirt zygomatic process of the 
temporal bone passes forwards to meet the 2ygomatic or cheek bone, and the two 
form the zygomatic arch^ which is separated by a wide gap from the rest of the side 
of the skull. The Zygomatic bone is responsible for the prominence of the upper 
and anterior part of the cheek. It 

forms the lateral part of the lower Pig.309.— The external surface of the left half 
margin of the orbital opening, as of the skull. (Norma basalis.) 

already stated, and ascends in the 


lateral margin to meet the Frontal 
bone^ 

When the mandible is removed 
(fig. 317) a process of bone can be 
-seen immediately Behind the maxilla 
and above the level of the maxillary 
teeth. This is the pterygoid process^ 
which projects downwards from the 
Sphenoid along the line of union of 
its ^eater wing with its body. It 
consists of a large lateral plate with a 
smaller, medial plate on its medial side. 

The inferior aspect of the cranium 
(norma basalis, fig. 309) is termed 
the external aspect of ^e base of 
the skull. It should be examined 
next. Posteriorly the Occipital 
bone^ with the foramen magnum, can 
be located without difiiculty. Lateral 
to the foramen magnum the occipital 
bone articulates with the mastoid part 
of the Temporal bone* Antero- 
lateraUy it articulates with xh& petrous 
parU which extends forwards almost 
to the root of the pterygoid process. 
In the anterior part of the inferior 
aspect of the cranium, the bony pal- 
ate, which lies in the roof of the 
mouth, can be seen within the arch 
of the teeth of the maxilla. Four 
bones contribute to its formation, 
viz., the two Maxillae and the two 
Palatine bones^ The anterior three- 
fourths of the bony palate are formed 
by xhtpalatine processes of the maxillae, 
which meet each other in the median 
plane \ the posterior fourth is formed 
by the horizontal plates of the palatine 
bones. The palatine bones are now 
seen, in part, for the first time ; their 
perpendicular plates are still hidden as 
they ascend, on each side, from the 
lateral border of the horizontal plate 
to form the posterior part of the 
lateral wall of the nose. 



The La.crimal bone, which lies in the anterior part of the medial wall of the 
orbit, the Vomer, which forms a large part of the nasal septum (fig. 328), and the 
Inferior Concha, which lies in the lateral wall of the nose, can be seen only when 
the orbits and the nose are examined (pp. 247 and 273). With these exceptions all 
the bones of the skull have now been identified, and die student is in a position to 
undertake profitably a more detailed study of the skull as a whole. 
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THE EXTERIOR OF THE SKULL 
NORMA VERTICALIS (fig. 310) 

The outline of the skull, as seen from above, varies greatly in different specimens. 
In some the outline is more or less oval : in others it is more nearly circular, but its 
greatest width is usually nearer to the occipital than to the frontal region. This 
aspect of the skull is traversed by three sutures, (i) The coronal suture is placed 
between the posterior edge of the frontal bone and the anterior borders of the 
parietal bones. From the median plane it passes downwards and forwards across 
the cranial vault. (2) The sagittal suture is placed in the median plane between 
the interlocking upper borders of the two parietal bones. (3) The lambdoid suture 
is placed between the posterior borders of the parietal bones and the superior border 
of the squamous part of the occipital bone. It runs downwards and forwards across 
the cranial vault. The meeting-place of the coronal and sagittal sutures is termed 


Fig. 310. — The skull, viewed from above. 



the hregma, and it is the site of a membrane-filled gap in the foetal skull which is 
named the anterior fontanelle (p. 326). The lambda is situated at the junction of the 
sagittal and lambdoid sutures and is the site of the posterior fontanelle (p. 326) in 
the foetal skull, which is a similar but smaller gap. 

The region of maximum convexity of the parietal bone is termed the parietal 
eminence (tuberosity) and can be identified easily in the living subject. In 
this simation the norma verticalis passes into the norma lateralis and the norma 
occipitalis, but there are no sharp lines of demarcation. The parietal foramen^ 
which may be absent on one or both sides, pierces the parietal bone near the sagittal 
suture about 3*5 cm. in front of the lambda. It transmits a small emissary vein 
from the superior sagittal sinus within the skull, and this vessel constitutes one of the 
important connexions between the extra- and the intracranial veins. Anteriorly the 
norma verticalis slopes down into the norma frontalis. 

NORMA FRONTALIS (fig. 311) 

Viewed from in front the skull exhibits a more or less oval outline, wider above 
than below. Its upper part is formed by the frontal bone and is smooth and convex. 
Its lower part is very irregular and is interrupted by the orbits and the anterior bony 
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aperture of the nose. Immediately above the medial part of each orbit the super- 
ciliary arch forms a rounded elevation^ better marked in the male than in the female 
skulls and these two arches are connected by a median elevation termed the glabella. 
Below the glabella the skull recedes to the point where the nasal bones meet the 
frontal;, forming the floor of a depression at lie root of the nose. The point where 
the internasal and frontonasal sutures meet is named xht nasion. Above the 
superciliary arch on each side there is a slight rounded elevation termed Hit frontal 


Fig. 311. — The skull. Anterior aspect. (Norma frontalis.) 
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eminence. All these are bony landmarks which can be felt without difiiculty in the 
living subject^ and the glabella and nasion provide reference points for the surgeon 
in certain intracranial operations. 

The orbital opening is more or less quadrangular in shape. Its supra-orbital 
margin is formed entirely by the frontal bone and^ at the jimction of its sharp 
lateral two-thirds with its rounded medial third, it presents the supra-orbital 
notch (or foramen, as the case may be), which transmits the supra-orbital vessels 
and nerve. The lateral margin is formed almost entirely by the frontal 
process of the zygomatic bone, but it is completed above by the zygomatic process 
of the frontal bone, and the suture which connects these two bones can be felt in the 
living subject as a slight depression. The zygomatic bone laterally, and the maxilla 
medially, share in the formation of the infra-orbital margin. Botii these margins 
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are sharp and can be felt easily through the skin. The medial margin is not so clear- 
cut ; it is formed above by the frontal bone and below by the lacrimal crest of the 
frontal process of the maxHla, which is sharp and distinct in its lower half only. 

The anterior bony aperture of the nose is pear-shaped, wider below than 
above and bounded by the nasal bones and the maxillae. The two nasal bones 
articulate with each other in the median plane and both articulate with the frontal 
bone above. On each side tihe nasal bone articulates behind with the frontal process 
of the maxilla, but its lower border, to which the upper nasal cartilage (fig. 1003) is 
attached in the fresh specimen, is free and forms the upper boundary of the bony 
nasal aperture. 

The maxillae take a very large share in the formation of the skeleton of the face, 
and it is the growth of these bones which is responsible for the elongation of the face 
that occurs between the ages of 6 and 12. It is only the anterior surface of the 
maxUla which is visible in the norma frontalis. Medially this surface presents the 
well-marked nasal notchy which forms the lower border and the adjoining part of the 
lateral border of the anterior bony aperture of the nose. A prominent, sharp projec- 
tion marks the meeting of the two maxillae in the lower boundary of the aperture and 
is termed the anterior nasal spine. It can be identified in the lower border of the 
free part of the nasal septum in the living subject. About i cm. below the infra- 
orbital margin the maxilla is perforated by the infra^orUtal forameUy which trans- 
mits the infra-orbital vessels and nerve ; it lies on, or just lateral to, a vertical line 
passing through the supra-orbital notch. The alveolar process of the maxilla, which 
provides the sockets for the maxillary teeth, can be examined most satisfactorily 
in the norina basalis (p. 256). The zygomatic process of the maxilla is a short but 
stout projection from the upper and lateral part of the anterior surface of the bone. 
Its upper surface is oblique and articulates with the zygomatic bone at the zygo- 
maticomaxillary suture. Inferiorly it presents a free lower border, which meets the 
body of the bone above the first molar tooth, and can be palpated through the skin 
of the cheek or through the mucous membrane of the vestibule of the mouth. The 
frontal process of the maxilla ascends behind the nasal bone, forming the lower 
part of the medial margin of the orbital opening, and reaches the frontal bone. 
It will be examined subsequently, both in the orbit and in the nose. 

The prominence of the cheek below and lateral to the orbit is produced by the 
zygomatic bone. It is the convex lateral surface of the bone which can be examined 
both in the norma frontalis and in the^ norma lateralis. Its contributions to the 
margins of the orbital opening and its articulation with the maxilla have already 
been noted. 

The mandible is described on p. 277. 

Particular features. — The glabella may show the remains of the frontal suture, which in 
about 9 per cent, of skulls extends upwards to the coronal suture. It indicates that the 
adult frontal bone is formed by the fusion of right and left halves, which ossify independently 
of each other. The medial part of the superciliary arch gives origin to the corrugator 
muscle. The nasal part of the frontal bone and the frontal process of the maxilla give 
origin to the orbital part of the orbicularis oculi muscle. Between these two areas the medial 
palpebral ligament is attached to the frontal process of the maxilla (fig. 381). The procerus 
muscle arises from the nasal bone near the median plane. The lower margin of the nasal 
bone usually presents a small notch, converted into a foramen in the fresh specimen by the 
lateral cartilage of the nose. It transmits the external nasal nerve. In front of the orbic- 
ularis oculi the levator labii superioris alseque nasi (angular head of the quadratus labii 
superioris) takes origin from the frontal process of the maxilla. More laterally, the levator 
labii superioris (infra- orbital head of the quadratus labii superioris) arises from the maxilla 
in the interval between the infra-orbital margin and the foramen of the same name. 

The stout root of the canine tooth produces an elevation termed the canine eminence^ 
which separates the canine fossa on its lateral side from the incisive fossa on its medial side. 
The levator anguli oris (m. caiiinus) arises from the canine fossa, while the incisive fossa 
gives origin to the compressor naris muscle (transverse part of the m. nasalis). Below these 
fossae the anterior surface of the maxilla gives origin to the depressor septi, the dilator 
naris (alar part of m. nasalis) and the incisive muscle of the upper lip. 

The zygomatic bone is marked opposite the junction of the infra-orbital and lateral 
margins of the orbit by the small zygomaticofacial foramen, which transmits the nerve of 
the same name and a minute artery. The foramen, which is sometimes duplicated, opens 
laterally and downwards. Below the foramen the zygomatic bone gives origin to the 
zygomaticus minor muscle (zygomatic head of the m, quadratus labii superioris), and more 
laterally bo the zygomaticus major muscle (m. zygomaticus). 
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The Orbit (figs. 312-315) 

General features. — The orbits are a pair of roomy cavities which contain the 
eye-balls^ thdr associated muscles^ vessels^ nerves^ etc.^ and most of the lacrimal 
apparatus, together with a variable amount of soft fat. The orbital cavity is 
pyramidal in shape ; its base is the orbital opening on the face, and its long axis is 
directed backwards and medially. Each orbit presents a roof, a floor, medial and 
lateral walls, a base or orbital opening and an apex. 

The roof is a thin, gently concave plate of bone which intervenes, throughout 
most of its extent, between the orbit and the part of the brain in the anterior cranial 
fossa. In its anteromedial part it is separated into two laminae by the frontal sinus, 
which is an air-space in the bone communicating with the nasal cavity. In its 
anterolateral part it is deeply hollowed out to contain the orbital part of the lacrimal 
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Fig. 312. — The right orbit, viewed from in front, 
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gland, and this depression is consequently called the lacrimal fossa. At the posterior 
end of the junction of the roof with the medial wall the optic foramen establishes 
communication between the orbit and the anterior cranial fossa. It transmits the 
optic nerve and the ophthalmic artery. Close to the superior, medial and lower 
margins of the foramen the common tendinous ring (fig. 951) is attached to the 
orbital walls. 

The medial wall (fig. 314) is exceedingly thin, except at its most posterior 
part, and slopes gently downwards and laterally into the floor. Anteriorly, it 
presents the lacrimal groove^, which lodges the lacrimal sac. The groove com- 
municates below with Sie nasal cavity through the nasolacrimal canals which is little 
more than i cm, long and transmits the nasolacrimal duct. The floor of the 
groove separates the orbital cavity from the nasal cavity, but behind the groove the 
air-containing ethmoidal sinuses intervene between the two cavities. Posteriorly 
the medial wall is related to the anterior part of the sphenoidal sinus and forms its 
lateral wall. 

The floor of the orbit (fig. 313) is relatively thin and constitutes, in most of its 
extent, the roof of the maxillary sinus (fig. 314). It is not quite horizontal, but 
faces upwards and slightly laterally. In front it is directly continuous with the 
lateral wall, but posteriorly the two walls are separated by the inferior orbital 
fissure. This fissure leads into the orbit from the pterygopalatine fossa posteriorly. 
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and from the infratemporal fossa anteriorly. The maxillary nerve is the most impor- 
tant structure which it transmits . The lower lip of the fissure is notched by the infra -- , 
orbital groove^ which passes forwards in the floor, sinking into it anteriorly and 
becoming converted into the infra-orbital canal. The anterior opening of the canal 
forms the infra-orbital foramen. The groove, canal and foramen transmit the infra- 
orbital nerve, which is the continuation of the maxillary nerve. Through the 
anterior part of the inferior orbital fissure a vein passes to connect the inferior 
ophthalmic vein with the veins of the pterygoid plexus in the infratemporal 
fossa. 

The lateral wall (fig. 315) is the thickest of the orbital walls, especially behind, 
where it separates the orbit from the middle cranial fossa. In front it is interposed be- 
tween the orbit and the temporal fossa. The lateral wall and the roof are continuous 


Fia. 313 . — horizontal section through the nasal and orbital cavities. 
Superior aspect. 
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anteriorly, but they are separated posteriorly by the superior orbital fissure^ 
TMs important fissure is noticeably widened at its medial end (fig, 312), and its long 
axis is directed medially, backwards and slightly downwards. It communicates 
with the middle cranial fossa and transmits the oculomotor, trochlear and abducent 
nerves and the terminal branches of the ophth almi c nerve, together with the 
ophthalmic veins. Where the fissure begins to widen its lower border is marked by 
a bony projection, often sharp in character, which gives attachment to the lateral 
part of the common tendinous ring for the origin of certain muscles of the eyeball 

(fig- 951)- 

The boundaries of the orbital opening have already been described (p. 245). 
The apex of the orbit is at the medid end of the superior orbital fissure. 

Farticular features. — ^The roof of the orbit is formed almost entirely by the orbital plate 
of the frontal bone, hut the under surface of the lesser wing of the sphenoid forms its 
posterior part. The suture between the two bones is almost horizontal. The optic foramen 
lies between the two roots of the lesser wing and is bounded medially by the body of the 




which bridges over the groove. The posterior part of the orbital surface of the lacrimal bone 
is flattened, and articulates behind, by an almost vertical suture, with the orbital plate of the 
labyrinth of the ethmoid bone. The frontolacrimal suture and the lacrimomaxillary 
suture indicate the other limits of the orbital aspect of the lacrimal bone. The orbital flait 
of the ethmoid makes the largest contribution to the medial wall. Almost rectangular in 
outline, it consists of very thin bone, which forms the lateral walls of the ethmoidal sinuses. 
Above, it articulates with the medial edge of the orbital plate of the frontal bone, and the 
line of this suture is interrupted by the anterior and posterior ethmoidal foramina, which 
lead into minute bony canals. These canals transmit vessels and nerves of the same names — 
the posterior ethmoidal nerve, however, is often absent — and lead into the anterior 
cranial fossa, where they open at the lateral edge of the cribriform plate. Below, the orbital 
plate articulates with medial edge of the orbital surface of the maxilla and, at its most 
posterior part, with the orbital process of the palatine bone. Posteriorly the orbital plate 
of the ethmoid articulates with the body of the sphenoid, which forms the most posterior 
part of the medial wall of the orbit and is separated from the roof by the optic foramen. 

The floor of the orbit (fig. 313) is formed for the most part by the orbital surface of the 
maxilla and, in its anterolateral part, by the zygomatic bone. At its posteromedial comer, 
where the floor meets the medial wall, a small triangular area is formed by the orbital 
process of the palatine bone. In addition to the maxillary nerve the inferior orbital fissure 
transmits the infra-orbital vessels, the zygomatic nerve, and a few minute twigs from the 
sphenopalatine gangUon to the orbital periosteum. The fissure is bounded above by the 
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greater wing of the splenoid, below by the maxilla and the orbital process of the palatine 
bone, and laterally by the zygomatic bone or the zygomaticomaxillary suture. In from 
35 to 40 per cent, of skulls the maxilla and. the sphenoid bone articulate with each other at 
the anterior end of the fissure and exclude the zygomatic bone from it. In the anteromedial 
part of the floor, just lateral to the hamulus of the lacrimal bone, a small depression may 
mark the origin of the inferior obHque muscle from the maxilla. 

The lateral wall of the orbit (fig. 315) is formed by the orbital surface of the greater wing 
of the sphenoid behind, and by the orbital surface of the frontal process of the zygomatic 
bone in front. These two bones meet at the sphenozygomatic suture. This aspect of the 
zygomatic bone presents the openings of minute canals for the zygomaticofacial and the 
zygomaticotemporal nerves. The former lies near the junction of the floor of the orbit 


I'lG. 316.— The lateral wall of the right orbit. 
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with its lateral wall ; the latter lies at a slightly higher level, and may be close to the 
sphenozygomatic suture. The superior orbital fissure is bounded above by the lesser and 
below by the greater wing of the sphenoid and medially by the body of that bone. The 
lacrimal and frontal nerves traverse the narrow, lateral part of the fissure, which transmits 
also the meningeal branch of the lacrimal artery and the occasional orbital branch of 
the middle meningeal artery. The trochlear nerve is situated more medially and Jies just 
outside the common tendinous ring. The two divisions of the oculomotor nerve, the naso- 
ciliary and the abducent nerves pass within the common tendinous ring, and therefore 
traverse the wider medial part of the fissure. They may be accompanied by the superior 
and inferior ophthalmic veins, but the superior ophthalmic veins may accompany the 
trochlear nerve and the inferior ophthalmic veins may pass through the medial end of the 
fissure below the common tendinous ring. 


NORMA OCCIPITALIS 

The outline of the skull, as viewed from behind, is shaped like a broad arch, 
being convex above and on each side, and flattened below. The lamhdoid suture^ 
which has already been seen in part, can now be traced ilirough its entire length. 
The serrations are deep and prominent above and behind, but become much less 
conspicuous as the suture is traced downwards and forwards. Inferiorly the 
lambdoid suture meets the occipitomastoid suture and ih.t parietomastoid suture at the 
posteroinferior angle of the parietal bone. The posterior portions of the parietal 
bones, the parietal eminences and foramina, which are visible on the norma occipi- 
talis, have Steady been viewed from above. 

The most outstanding feature of the norma occipitalis is the external oc- 
cipital protuberance (fig. 316 ) and the ridges which lead away from it. The 
protuberance is situated in the lower part of the field in the median plane and may 
be overhanging. It can readily be identified in the living subject, as it lies at 
the upper end of the median furrow at the back of the neck. The superior nuchal 
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lines are the ridges, often sharp in character,, which pass laterally from the pro- 
tuberance, They form the boundary lines between the scalp and the back of the 
neck, and the portions of the occipitd bone below them, now seen in perspective, 
will be examined in the norma basalis. The highest nuchal lines, when present, are 
curved bony ridges, which lie about i cm. above the superior nuchal lines. Com- 
mencing at the upper part of the protuberance they are more arched than the 
superior nuchal lines. 

The mastoid process and the mastoid part of the tempojsal bone can be seen in 
the inferolateral part of this aspect of the skull, but they can be examined much 
more satisfactorily in the norma lateralis. 

Particular features. — ^The inion is the name given to the most salient point on the external 
occipital protuberance in the median plane. The lower part of the protuberance gives 
attachment to the upper end of the ligamentum nuchse, and its upper part gives origin 
to fibres of the trapezius muscle, which arises also from the adjoining part of the superior 
nuchal line. The lateral part of the superior nuchal line (fig. 342) gives insertion to the post- 
erior fibres of the stemomastoid and, under cover of that muscle, to fibres of the splenius 
capitis. The highest nuchal line gives attachment medially to the epicranial aponeurosis 
(galea aponeurotica) and laterally to the occipital belly of the occipitofrontalis (epi- 
cranius) muscle. 


NORMA LATERALIS (fig. 316) 

When the skull, minus the mandible (which is described on p. 277), is examined 
from the side, it will be found that the anterior, superior and posterior parts have 
been described already in the normse frontalis, vertices and occipitalis, respectively. 
The central area, however, presents many important features which have not yet 
been described. It is liinited above by the temporal line, which corresponds to the 
peripheral limit of the origin of the temporalis muscle. This line arches upwards 
and backwards from the zygomatic process of the frontal bone across the coronal 
suture to the parietal bone. Salient at iSrst, it can be felt easily through the skin, 
but as it arches across the parietal bone it is much less distinct and is usually 
represented by two curved ridges, which enclose between them a smooth and often 
polished strip of bone. Posteriorly the upper of these two lines fades away, but the 
lower becomes more prominent as it curves downwards and forwards across the 
squamous part of the temporal bone, just above its union with the mastoid portion. 
This part of the line, which is termed the supramastoid crests becomes continuous 
with the posterior root of the zygomatic process. Throughout the whole of its 
extent the temporal line marks the periphery of the temporalis muscle and its 
covering fascia. On the parietal bone the muscle arises from the lower ridge, while 
the fascia is attached to the upper ridge and the bone below. 

The temporal fossa is the region bounded by the zygomatic arch, the temporal 
line and the frontal process of the zygomatic bone, and its floor gives origin to the 
temporaUs muscle. An irregularly H-shaped arrangement of sutures can be seen 
in the anterior part of the fossa, the more or less horizontal limb of the H being 
formed by the suture between the antero-inferior part of the parietal and the upper 
border of the greater wing of the sphenoid bone. In this situation the frontal, the 
sphenoid, the parietal and the squamous part of the temporal bone dosely adjoin 
one another (fig. 316), and a small circular area can be outlined so as to include 
portions of all four. This area is termed the pterion, audits centre— which is an 
important landmark for the surgeon— lies 3*5 cm. behind and 1*5 cm. above the 
frontozygomatic suture. The anterior wall of the fossa is formed by the posterior 
aspect of the upper part of the zygomatic bone, the adjoining part of the greater 
wing of the sphenoid and a small portion of the frontal bone. It is interposed 
between the fossa and the orbit. Inferiorly the fossa communicates freely with the 
infratemporal fossa through the gap which’ separates the zygomatic arch from the 
rest of the skull. In this situation the tendon and some fleshy fibres of the temporalis 
descend to reach their insertion into the mandible (p. 280). 

The zygomatic arch, which is formed by the temporal process of the zygomatic 
bone and the zygomatic process of the temporal bone, is easily felt through the skin 
where the cheek and the region of the temple meet each other. Its sharp, upper bor- 
der is obscured by the attachment of the temporal fascia, and its lower border by 
the origin of the masseter muscle, which arises also from its deep surface. The 
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arch stands away from the rest of the skull and is separated from it by a gap which 
is deeper in front than behind. Anteriorly, the arch is crossed by the zygomatico- 
temporal suture, which is directed obliquely downwards and backwards. 

The zygomatic process of the temporal hone, or zygoma, widens posteriorly as it 
approaches the squamous part, and divides into an anterior and a posterior root. 
The anterior root passes medially in front of the articular fossa for the head of the 
mandible and becomes continuous with the smooth articular eminence, which 
forms the anterior boundary of the fossa. The posterior root passes badkwards, 
lateral to the fossa, and its upper border becomes continuous with the supramastoid 
crest of the temporal bone. 


Fia. 316. — ^The skuU. Lateral aspect. (Norma lateralis.) 



The external auditory meatus opens immediately below the posterior part 
of the posterior root of the zygoma. , The margins of the orifice are roughened, 
especially below and in front, for the attachment of the cartilaginous segment of the 
meatus. The upper margin and the upper part of the posterior mar gin are formed 
by the squamous part of the temporal bone ; the anterior margin, the inferior 
margin and the lower part of the posterior margin are formed by the tympanic plate. 
The squamotympanic suture can be seen wiAout difficulty at the anterosuperior 
part of the opening, but the suture on' the posterior wall is usually obliterated in 
the adult skull. Below the orifice of the meatus the tympanic plate is drawn down- 
wards, forming a somewhat triangular roughened area. Immediately above and 
behind the mratus there is frequently a small depression with a bony spicule in its 
ariterior margin (suprameatal spine). This lies within the area of the suprameatal 
triangle, which is bounded above by the supramastoid crest, in front by the postero- 
superior margin of the orifice of the meatus and behind by a vertical Tmf-j drawn as a 
tangent to the curve of the posterior margin of the meatal orifice. This triaTigl<> 


THE SKULL 263 

forins the lateral wall of the tympanic antrum (p. 297), which is an air-space of great 
importance to the surgeon and is contained in the petrous part of the temporal bone. 
Behind the meatus the norma lateralis is formed by the mastoid portion 
of the temporal bone^ Above^ it is continuous with the squamous portion in 
front, but, behind, it possesses a free upper border which articulates with the 
postero-inferior part of the parietal bone at the horizontal parietomastoid suture. 
Its posterior border is free and articulates with the squamous part of the occipital 
bone at the occipitomastoid suture. These two sutures meet each other at the lateral 
extremity of the lambdoid suture. The mastoid process (fig. 316) is a strong, 
nipple-shaped projection from the lower part of the mastoid portion of the temporal 
bone. It lies immediately behind the external auditory meatus, but at a lower 
level, and its anterior part can be felt through the skin under cover of the lobule 
of the auricle. The mastoid foramen pierces the bone above the base of the mastoid 


Fig. 317. — The left infratemporal fossa. 
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process and near or on the occipitomastoid suture ; it transmits an important 
emissary vein from the sigmoid sinus. 

The styloid process (fig. 316) is a slender, elongated projection which, 
although attached to the norma basalis, can be examined conveniently at this 
stage. It lies a short distance in front of the mastoid process but is on a deeper 
plane, its base being partly ensheathed by the lower margin of the tympanic plate. 
Directed downwards, forwards and slightly medially, its tip is usually hidden by 
the posterior margin of the ramus of the mandible, when that bone is in place. 
From its extremity the stylohyoid ligament passes downwards and forwards to the 
lesser horn of the hyoid bone (p. 284), which is therefore suspended from the skull. 

The infratemporal fossa (fig. 317) is an irregularly shaped space which lies 
behind the posterior surface of the maxilla. It communicates with the temporal 
fossa through the gap between the zygomatic arch and the side of the skull. 
Medial to this gap, the roof is formed by the infratemporal surface of the greater 
wing of the sphenoid, and a small part of the squamous temporal. In this situa- 
tion the greater wing is pierced by the foramen ovale and the foramen spinosum. 
The medial wall is formed by the lateral pterygoid plate. These walls are con- 
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sidered in detail in connexion with the norma basalis (p. 258 ). Behind, below and 
on the lateral side the fossa is freely open. The anterior and medial walls meet 
below but they are separated above by the pterygomaxillary fissure^ through which 
the infratemporal fossa communicates with the pterygopalatine fossa. The upper 
end of the pterygomaxillary fissure is continuous with the posterior end of the inferior 
orbital fissure^ which is placed between the upper part of the posterior surface of the 
mavilla and the greater wing of the sphenoid. This fissure connects the infratemporal 
fossa with the orbit and transmits ihe maxillary nerve and an important venous con- 
nexion between the inferior ophthalmic vein and the pterygoid venous plexus. 

The pterygopalatine fossa is a small pyramidal space situated below the 
apex of file orbit. It communicates with the infratemporal fossa through the 
pterygomaxillary fissure and with the orbit through the posterior end of the inferior 
orbital fissure. The foramen rotundum opens on its posterior wall, and the maxillary 
nerve, which runs forwards and laterally from the foramen across the upper part 
of the fossa, is the most important of its contents. 

Particular features. — ^The floor of the temporal fossa is marked by a few small vascular 
furrows, of which the most constant are above the external auditory meatus and are 
produced by the middle temporal vessels. In the anterior wall of the fossa the zygomatico- 
temporal foramen pierces the temporal surface of the zygomatic bone in an upward and back- 
ward direction. It transmits the zygomaticotemporal nerve and a minute artery. In addition 
to the tendon of the temporalis muscle, the deep temporal vessels and nerves traverse the 
gap between the zygomatic arch and the rest of the skull and ascend into the temporal fossa. 

As the anterior root of the zygoma springs from the process, it is marked by a small 
tubercle, termed the tuherde of the root of the zygoma. It gives attachment to fibres of the 
temporomandibular ligament (fig. 508) and can be felt through the skin immediately in front 
of the head of the mandible. Behind the articular fossa a small downward projection from 
the posterior root of the zygoma (sometimes termed the post-glenoid tuherde) meets the 
tympanic plate at the anterosuperior part of the orifice of the external auditory meatus, 
and its anterior aspect takes a small part in the formation of the articular fossa. 

The posterior part of the lateral surface of the mastoid process and its rounded apex are 
roughened by the insertions of the sternomastoid, splenius capitis and longissimus capitis 
muscles, in that order from before backwards. In front of, and parallel to, this roughened 
area, the partially obliterated remains of the squamomastoid suture may be visible. Prom 
the position of the suture it will be obvious that the floor of the suprameatal triangle, and 
therefore the lateral wall of the tympanic antrum, is formed by the squamous part of the 
temporal bone. The tympanomastoid fissure is placed on the anterior aspect of the 
base of the process. The outer opening of the mastoid canaliculus (p. 263), which transmits 
the auricular branch of the vagus nerve, is placed between the lips of the fissure. 

The styloid process is covered on its lateral aspect by the parotid gland and intervenes 
between that structure and the internal jugular vein. It gives origin to three muscles. 
The stylohyoid arises by a delicate tendon from its posterior aspect, about midway be- 
tween the tip and the base ; the styloglossus from the tip and the adjacent part of the an- 
terior aspect ; and the stylopharyngeus from the medial aspect of the base. The stylo- 
mandibular ligament is attached to the lateral aspect of the process in its lower part and the 
stylohyoid ligament to its tip. Behind the base of the process the facial nerve emerges 
from the stylomastoid foramen and passes forwards lateral to the process in the substance 
of the parotid gland. 

The infratemporal fossa (fig. 317) contains the lower part of the temporalis muscle as 
it passes to be inserted into the coronoid process. The -maxillary (internal maxillary) 
artery and its branches and the pterygoid plexus of veins lie deep to the temporalis in rela- 
tion to the lower head of the lateral pterygoid muscle. The deepest part of the fossa is 
occupied by the medial pterygoid muscle, the mandibular nerve and the chorda tympani. 
The mandibular nerve enters the fossa through the foramen ovale in its roof and breaks up 
into its terminal branches under cover of the lateral pterygoid muscle. Its branches tra- 
verse the fossa and most of them leave it to gain other regions. The chorda tympani enters 
the fossa on the medial side of the spine of the sphenoid and runs downwards and forwards 
to join the lingual nerve before it emerges at the lower border of the lateral pterygoid 
muscle. The maxillary nerve appears at the upper part of the fossa as it passes from the 
upper end of the pterygomaxillary fissure to the inferior orbital fissure. The anterior wall 
of the fossa is pierced by two'or three small foramina which transmit the posterior superior 
dental (alveolar) vessels and nerves. It is limited below by the alveolar part of the maxilla 
in the region of the molar teeth, and in this situation a horizontal strip of the bone is closely 
covered with the mucous membrane of the gum. Immediately above this strip the bone 
gives origin to the upper fibres of the buccinator muscle, which extends backwards behind 
the last molar tooth on to the tuberosity of the maxilla. The medial wall of the fossa, 
formed by the lateral pterygoid plate, is completed below and in front by the tubercle 
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(pyramidal process) of the palatine bone, which is wedged in between the tuberosity of the 
maxilla and the lateral pterygoid plate. The superficial head of the medial pterygoid 
muscle arises from this surface of the palatine tubercle and the adjoining part of the max- 
illary tuberosity. 

The pterygomaxillary fissure is a triangular interval formed by the divergence of the 
maxilla from the pterygoid process of the sphenoid bone. It transmits the terminal part 
of the maxillary (internal maxillary) artery to the pterygopalatine fossa, and its uppermost 
part gives passage to the maxillary nerve, which appears for a very short part of ite course 
in the upper part of the infratemporal fossa before it enters the inferior orbital fissure. 
The inferior orbital fissure leads forwards into the orbit. Its lower border is marked by a 
notch which lodges the maxillary nerve and forms the posterior end of the infra-orbital 
groove. 

The pterygopalatine fossa (fig. 318) is bounded above by the inferior surface of the body 
of the sphenoid and the orbital process of the palatine bone on the medial side, but laterally 
it communicates with the orbit through the posterior end of the inferior orbital fissure. 
It is bounded behind by the root of the pterygoid process and the adjoining part of the 
anterior surface of the greater wing of the sphenoid ; medially, by the upper part of the 


Fig. 318 .— a section showing the posterior wall of the pterygopalatine fossa. 
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perpendicular plate of the palatine bone with its orbital and sphenoidal processes ; in front, 
by the upper part of the posterior surface of the maxilla. On the lateral side it communi- 
cates with the infratemporal fossa through the pterygomaxiUary fissure, and inferiorly its 
anterior and posterior walls come into apposition. The fossa contains the maxillary nerve, 
the sphenopalatine ganglion and the terminal part of the maxillary (internal maxiUary) 
artery. In addition to the pterygomaxiUary and inferior orbital fissures five openings lead 
to or from the fossa. Of these, three are situated on the posterior waU, viz., the foramen 
rotundum, the pterygoid canal and the palatinovaginal (pharyngeal) canal, in that order 
downwards and medially. The foramen rotundum transmits the maxillary nerve from the 
middle cranial fossa ; the pterygoid canal, the nerve and artery of the same name from the 
lower part of the anterior waU of the foramen lacerum ; and the palatinovaginal (pharyn- 
geal) canal, which is frequently double (p. 260), the pharyngeal nerve and artery to the 
roof of the posterior nasal aperture. The fourth foramen is placed on the medial wall and is 
termed the sphenopalatine foramen (fig. 329). It is bounded above by the body of the 
sphenoid, in front by the orbital process of the palatine bone, behind by the sphenoidal pro- 
cess and below by the upper border of the perpendicular plate. It transmits the long and 
short sphenopalatine nerves (nasopalatine and posterior superior lateral nasal nerves) and 
the artery of the same name. The fifth foramen is placed inferiorly at the junction of the 
anterior and posterior waUs, and leads into the greater palatine canal (pterygopalatine 
canal). Bounded anterolateraUy by the maxiUa, and posteromediaUy by the perpendicular 
plate of the palatine bone, this canal transmits the greater and lesser palatine nerves and 
vessels, which appear at the greater and lesser palatine foramina on the bony plate (p. 256). 


NORMA BASALIS (BASIS CRANII EXTERNA), (figs. 319-322) 

The external surface of the base of the skull, excluding the mandible, is 
bounded in front by the incisor teeth of the maxillae, behind by the superior 
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nuchal lines of the occipital bone^ and laterally by the remaining teeA, the 
zygomatic arch and its posterior rootj and the mastoid process. It is very 
irregular and, unlike the internal stirface, shows no natural subdivision into regions 
suitable for descriptive purposes. It is, however, useful to divide the area into an- 
terior, middle and posterior parts. The anterior part, which is formed by the hard 

palate and the alveolar arches is on 

Fia. 319.-The externaJ surface of the left half flower level than the part behind, 
of the base of the skull. (Norma basalis.) The remamder of the surface is 

divided, in an arbitrary manner, 
into a middle and a posterior part 
by a transverse line drawn through 
the anterior margin of the foramen 
magnum. 


The Anterior Part of the 
Norma Basaxis 

The bony palate (fig. 321) 
lies within the arch formed by the 
teeth of the maxillae and the alveolar 
processes. It is formed by the 
palatine processes of the maxillae 
and the horizontal plates of the 
palatine bones, which are separated 
from one another by a cruciform 
suture, made up of the intermaxil- 
lary, interpalatine and palatomaxil- 
lary sutures. Owing partly to 
the downward projection of the 
alveolar arches, the palate is arched 
both from before backwards and 
from side to side. The depth and 
the breadth of the palatine vault are 
subject to considerable variation 
but are always greatest in the region 
of the molar teeth. A deep fossa, 
termed the incisive fossuy lies in 
the median plane anteriorly. The 
lateral incisive foramina^ which lead 
into the incisive canals, are situated 
in its lateral walls ; the median incis^ 
ive foramina^ which are present in 
some skulls, open on its anterior 
and posterior walls. The greater 
palatine foramen^ which is the lower 
orifice of the canal of the same 
name, opens close to the lateral 
border of the palate immediately 
behind the palatomaxillary suture. 
A vascular groove, deep behind and 
becoming shallower in front, leads 
forwards away from the foramen. 
Tht lesser palatirie foramina^ usnzlly 
two in number, are situated behind the greater foramen. They pierce the tubercle 
('pyramidal process) of the palatine hone^ which projects backwards and laterally 
from the posterolateral corner of the bony palate and becomes wedged into the 
notch between the lower ends of the two pterygoid plates. The vault of the 
bony palate is uneven, pierced by numerous small foramina and marked by 
depressions for the palatine glands.. Near the posterior border it presents a 
slightly curved ridge of variable prominence, termed the palatine crests which 
commences behind the greater palatine foramen and runs medially. The posterior 
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border of the bony palate is free and projects backwards in the median plane to 
form the posterior nasal spine. 

The alveolar arch provides sixteen sockets (alveoli) for the roots of the teeth. 
These sockets vary in size and depth and are single or subdivided by septa according 
to the teeth which they contam. 
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Particular features. — ^The lateral incisive foramen transmits the terminal branches of the 
greater palatine vessels and the long sphenopalatine (nasopalatine) nerve. When median 
incisive foramina are present the left sphenopalatine nerve passes through the anterior 
and the right through the posterior foramen. The lateral incisive foramina are placed in 
the line of fusion of the os incisivum (premaxilla) with the maxilla proper, and represent a 
primitive communication between the mouth and the nose. In young skulls the suture line 
between the os incisivum and the maxilla may be visible, extending from the posterior part 
of the incisive fossa to the septum between the sockets of the lateral incisor and canine 
teeth. The greater palatine foramen transmits the greater palatine nerve and vessels, and 

,G.A. I 
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th.6 v6SS6ls groove "bh.© lateTSbl part of tlie palate as th.ey run forwards to tlie incisive fossa. 
The lesser palcUirheforarnirui, usually two, sometimes one and occasionally three in number, 
perforate the inferior and medial aspects of the tubercle of the palatine bone ; they 
transmit the lesser palatine nerves. The palatine crest, which commences on the tubercle 
and extends on to the horizontal plate of the palatine bone, gives attachment to part of the 
tendon of the tensor palati muscle. The free posterior border of the bony palate gives 
attachment to the palatine aponeurosis and the posterior nasal spine to the musculus uvulae. 


Fig. 321. — The bony palate and the alveolar arch. Inferior aspect. 
Lateral incisive foramina 



Horizontal plate of palatine hone 


The Mtddlb Part of the Norma Basalis 

The middle part of the external surface of the base of the skull (fig. 319 ) extends 
from the posterior border of the bony palate to an arbitrary line drawn transversely 
through tihe anterior margin of the foramen magnum. In the median plane an- 
teriorly the posterior border of the vomer separates the two posterior nasal apertures- 
Immediately behind the vomer the posterior part of the inferior surface of die body 
of the sphenoid is directly continuous with the inferior surface of the basilar part 
of the occipital bone^ which forms a broad bar of bone extending backwards and 
dovmwards to the foramen magnum. It is convex from side to side and wider 
behind than in front. A short distance in front of the foramen magnum it is marked 
in the median plane by a small eleyation, termed the pharyngeal tubercle^ which 
gives attachment to the highest fibres of the superior constrictor muscle of the 
pharynx. 

Behind the third molar tooth the pterygoid process descends from the junction 
of the greater wing and the body of the sphenoid bone. It has two laminae, 
termed the medial and lateral pterygoid plates, which are separated from each other 
by a V-shaped interval, directed backwards and somewhat laterally and named the 
pterygoid fossa. Anteriorly the two pterygoid plates are fused to each other, except 
inferiorly, where they are separated by a narrow gap which is occupied in the articu- 
lated skuU by the tubercle (pyramidal process) of die palatine bone, and the suture 
lines can usually be identified. Above the pterygoid fissure the two plates are 
fused to each other On the medial side they articulate with the posterior border of 
the perpendicular plate of the palatine bone in front, and form with it the flattened 
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area of bone which lies in the lateral wall of the posterior nasal aperture and nasal 
part of the pharynx. On the lateral side the fused laminae are separated from the 
posterior surface of the maxilla in front by the pterygomaxUlary fissure (fig. 249). 
The medial pterygoid plate is the narrower of the two and projects directly back- 
wards. Its medial surface is covered in the recent state with mucous membrane and 
forms the lateral boundary of the posterior nasal aperture and part of the lateral 
wall of the nasal part of the pharynx. The posterior border of the medial pterygoid 
plate is thin and sharp, and presents a smaU projection about its midpoint. Above 
this projection the border is curved and is attached to the pharyngeal end of the 
pharyngotympanic (auditory) tube. At its upper end the border divides to enclose 
the shaflow, scaphoid fossa (fig. 323) ; below, it projects beyond the rest of the plate 
as the sltndtt pt^goid hamulus. This process curves downwards and laterally and 
is grooved anteriorly at its root by the tendon of the tensor palati muscle. The 
lateral pterygoid plate projects backwards and laterally and its lateral surface forms 
the medial wall of the infratemporal fossa. Superiorly it is continuous with 
the infratemporal surface of the greater wing of the sphenoid^ which forms the 
anterior part of the roof of the i^atempord fossa. This siuface of the greater 
wing is directed downwards and, sometimes, slightly to the lateral side. It is 
roughly pentagonal ; its anterior margin forms tfie posterolateral border of the 
inferior orbital fissure ; and in front and to the lateral side it is limited by the 
infratemporal crest. Laterally it articulates with the squama of the temporal bone ; 
medially it is continuous with the root of the pterygoid process and the side of the 
body of the sphenoid i and posteromedially it articulates with the petrous part of 
the temporal bone. 

Two important foramina open on the infratemporal surface of the greater wing 
of the sphenoid. The foramen ovale, irregularly oval in outline, lies close to the 
posterior border and posterolateral to the upper end of the posterior margin of the 
lateral pterygoid plate. It transmits the mandibular division of the trigeminal 
nerve. Posterior and sHghdy lateral to the foramen ovale the foramen spinosum 
pierces the greater wing and transmits the middle meningeal artery to the middle 
cranial fossa. It is much smaller than the foramen ovale and is circular in out- 
line. Immediately posterolateral to the foramen spinosum the posterolateral 
angle of this surface of the greater wing forms an irregular downward projection, 
termed the spine of the sphenoid. The medial surface of the spine is flattened, 
and together with the adjoining part of the posterior border of the greater wing 
forms the anterolateral border of a groove which is completed on the postero- 
medial side by the petrous part of the temporal bone. This groove lodges the 
cartilaginous part of the pharyngotympanic (auditory) tube, and leads backwards 
into the canal for the tube in the petrous part of the temporal bone and forwards to 
the upper part of the posterior border of the medial pterygoid plate. In the roof 
of the groove the posterior border of the greater wing and the anterior border of 
the petrous tempord come into apposition with each other. It will be apparent 
that immediately below the skull die mandibular nerve and the middle meningeal 
artery must be related to the anterolateral aspect of the pharyngotympanic tube. 

Behind and medial to the groove for the tube the inferior surface of the petrous 
temporal occupies the interval between the infratemporal surface of the greater 
wing of the sphenoid and the basilar part of the occipital bone. The anterior part 
of tins surface is rough and uneven, and its apex is separated from the posterolateral 
part of the body of the sphenoid by an irregular bony canal, termed the foramen 
lacerum. Behind this rough area a large and approximately circular foramen leads 
upwards into the bone. It is the lower opening of the carotid canals which is tra- 
versed by the internal carotid artery. Within the bone the canal turns forwards and 
medially and opens on the posterior wall of the foramen lacerum. After 
passing through the canal the artery turns upwards to gain the interior of the skull. 
The lower part of the foramen lacerum is occupied in the recent state by fibro- 
cartilage, and no large structure enters or leaves the skuU through this opening. 

Lateral to the base of the spine of the sphenoid the squamotympanic fissure 
runs laterally and slightly backwards between the upper part of the tympanic plate 
and the articular fossa of the squamous part of the temporal bone. The fissure 
can usually be traced to the upper part of the anterior margin of the orifice of the 
external auditory meatus, but it is sometimes oblitera*ted near its lateral end. The 
articular fossa is deeply concave from before backwards and gently concave from 
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side to sidcj and is wider at its lateral than at its medial head. It lodges the head 
of the mandible when the mouth is closed. Anteriorly the articular surface passes 
on to a transverse rounded elevation^ termed the articular eminence^ which is 
continuous laterally with the anterior root of the zygoma. In front it becomes 
continuous with the part of the squamous temporal which lies in the roof of the 
infratemporal fossa. Behind the squamotympanic fissure the tympanic part of the 
temporal hone separates the articular fossa from the external auditory meatus. This 
part of the temporal bone is roughly triangular in outline^ the apex being situated at 
the medial end of the squamotympanic fissure close to the root of the spine of the 
sphenoid. Its lower border is free and skirts the anterolateral margin of the lower 
opening of the carotid canal, extending backwards and laterally to reach the root of 
the styloid process. There it forms the sheath of the styloid process^ which is 
longer and more apparent on the lateral than on the medial side. At its lateral 
margin the tympanic part is fused with the mastoid part of the temporal bone below 
and is free above, where it forms the anterior border of the orifice of the external 
auditory meatus. 

Particular features. — ^The upper border of the vomer^ which is applied to the inferior 
surface of the body of the sphenoid, is expanded into an ala on each side (fig. 319), and the 
groove between the alse receives the rostrum of the sphenoid. The lateral border of each ala 
comes into relation with a thin lamella which projects medially from the root of the medial 
pterygoid plate and is termed the vaginal process. The two may come merely into contact 
or the edge of the ala may extend into the narrow interval between the body of the sphenoid 
above and the vaginal process below. The inferior surface of the vaginal process is marked 
by an anteroposterior groove, which is converted into a canal anteriorly by the upper sur- 
face of the sphenoidal process of the palatine bone. This canal is termed the palatino- 
vaginal {pharyngeal) canal and opens anteriorly through the posterior wall of the pterygo- 
palatine fossa. It transmits the pharyngeal branch of the sphenopalatine ganglion and 
a minute pharyngeal branch from the third part of the maxillary (internal maxillary) 
artery. A second canal may be present in this situation on the medial side of the palatino- 
vaginal canal. It lies between the ala of the vomer and the upper surface of the vaginal 
process and is termed the vomerovaginal canal. When present it leads forwards into the 
anterior end of the palatinovaginal canal. 

In front of the pharyngeal tubercle the inferior surface of the basilar part of the occipital 
bone is intimately related to the roof of the nasal pharynx and the nasopharyngeal tonsil. 
Lateral to the tubercle the bone receives the insertion of the longus capitis muscle, and the 
area extends forwards on each side beyond the tubercle. Behhid the longus capitis the 
rectus capitis anterior is inserted into the bone in front of the occipital condyle and medial 
to the outer opening of the anterior condylar (hypoglossal) canal. 

The medial surface of the medial pterygoid plate (fig. 328) is smooth and covered with the 
mucous membrane of the nasal pharynx in the recent state. At the upper part of its 
posterior border scaphoid fossa gives origin to the anterior fibres of the tensor palati 
muscle, which descends along the lateral surface and posterior border of the plate to 
reach the hamulus. The tendon of the muscle twists medially round the lateral and 
anterior aspects of the process to gain the soft palate. The posterior border of the medial 
pterygoid plate, notched above by the pharyngotympanic (auditory) tube (p. 259), gives 
attachment to the pharyngobasilar fascia. Its lower part and the posterior aspect of the 
hamulus give origin to the highest fibres of the superior constrictor muscle of the pharynx, 
which curve upwards and medially to be inserted into the pharyngeal tubercle. The tip 
of the hamulus gives attachment to the pterygomandibular ligament (raphe). At its upper 
end the posterior border of the medial pterygoid plate is marked by a small tubercle, which 
lies on the medial side of the scaphoid fossa. This tubercle projects backwards below, and 
conceals the posterior opening of the pterygoid canal, which leads forwards to open on the 
posterior wall of the pterygopalatine fossa. It transmits the nerve and vessels of the 
pterygoid canal and lies in the line of fusion of the pterygoid process and greater wing with 
the body of the sphenoid bone. 

The pterygoid fossa lies between the opposed surfaces of the two pterygoid plates and is 
completed below and in front by the tubercle (pyramidal process) of the palatine bone. 
The lateral wall of the fossa gives origin to the deep head of the medial pterygoid muscle. 
The lateral pterygoid plate (fig. 317) is a wider lamina than the medial plate, and its irregular 
posterior border may present a backward projection, termed the pterygospinous process, 
which is connected by a ligament (sometimes ossified) to the spine of the sphenoid. The 
lateral surface, which is the rougher of the two, gives origin to the lower head of the lateral 
pterygoid muscle ; the medial surface gives origin to the deep head of the medial pterygoid 
muscle. The lateral aspect of the tubercle {pyramidal pyrocess) of the palatine bone, which 
appears between the tuberosity -of the maxilla and the lower part of the lateral pterygoid 
plate, gives origin to some fibres of the superficial head of the medial pterygoid muscle- 

The infratemporal surface of the greater wing of the sphenoid gives origin to the upper head 
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of the lateral pterygoid muscle, and is crossed by the deep temporal and the masseteric 
nerves, which run between the muscle and the bone. In addition to the mandibular nerve 
the foramen ovale transmits the accessory meningeal artery. Its posterior border is thin and 
sharp and gives origin to fibres of the tensor palati muscle, which intervenes between the 
mandibular nerve and the pharyngotympanic (auditory) tube. The foramen spinosum 
transmits the small nervus spinosus in addition to the middle meningeal artery. In 
the interval between the foramen ovale and the scaphoid fossa the bone sometimes 
presents a small foramen, termed the emissary sphenoidal foramen (foramen Vesalii), 
which transmits an emissary vein from the cavernous sinus. The spine of the sphenoid^ 
which varies greatly in size, and may be sharply pointed or may be blunt at its ex- 
tremity, gives attachment to the sphenomandibular ligament. It is related laterally to 
the auriculotemporal nerve and medially to the chorda tympani — by which its medial 
aspect is sometimes grooved — ^and to the pharyngot 3 nnpanio tube. Anteriorly it gives 


Fig. 322. — portion of the norma basalis of the right side. 
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origin to the most posterior fibres of the tensor palati muscle. The groove for the tube 
varies in width and depth and its roof is occasionally completed by membrane. The 
lateral or sphenoidal wall of the groove gives origin, posteriorly, to fibres of the tensor 
tympani muscle. 

The lateral part of the rough inferior surface of the petrous part of the temporal 
bone gives origin to the levator palati muscle. The foramen lacerum is bounded in 
front by the posterolateral part of the body of the sphenoid and the adjoining roots 
of the pterygoid process and greater wing ; behind and laterally by the apex of the petrous 
part of the temporal bone ; and medially by the basilar part of the occipital bone. It 
forms a canal nearly 1 cm. long, but no large structure passes through its whole length. 
The anterior orifice of the carotid canal opens on its posterior wall, and the vessel with its 
plexus of veins and its plexus of sympathetic nerves ascends through the upper end of the 
canal. In the foramen the deep petrosal nerve from the carotid sympathetic plexus is 
joined by the greater superficial petrosal nerve to form the nerve of the pterygoid canal, 
and this canal opens on the lower part of the anterior wall. Meningeal branches of the 
ascending pharyngeal artery, emissary veins from the cavernous sinus and a few meningeal 
lymphatics traverse the whole length of the foramen. The cartilage which fills its lower 
part is a remnant of the primitive chondrocranium. 
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The floor of -fehe articular fossa is very thin and corresponds to the most lateral part of 
the floor of the middle cranial fossa. It is covered in the recent state by white fibro- 
cartilage. The tubercle of the root of the zygoma gives attachment to the temporomandibular 
ligament. A thin edge of bone may be visible in the depths of the medial end of the 
sqvumotympanic fissure. It is the lower border of the down- turned lateral portion of the 
tegmen tympani and therefore is a part of the petrous temporal. It divides the upper part 
of the squamotympanic fissure into a petrotympanic and a petrosquamous fissure. 
Through the petrotympanic fissure the chorda tympani travels in its anterior canaliculus, as 
it passes downwards and forwards from the tympanic cavity. The anterior t 3 rmpanic artery 
from the maxillary artery also traverses the petrotympanic fissure. 

The tympanic part of the temporal bone (fig. 322) is separated from the capsule of 
the temporomandibular joint by a portion of the parotid gland, which is intimately related 
to the auriculotemporal nerve. It is thinnest near the centre of this surface and is occasion- 
ally deficient in this situation (p. 302). The grooved upper aspect of the plate forms the 
anterior wall, the floor and the lower part of the posterior wall of the external auditory 
meatus. Except where it ensheathes the styloid process its posterior surface is fused with 
the petrous part of the bone. 


The Posterior Part oe the Norma Basalis (fig. 319) 

The median portion of the posterior subdivision of the external surface of the 
base of the skull is occupied in front by the foramen magnum of the occipital bone^ 
which leads into the posterior cranial fossa. The foramen is oval in shape and its 
anteroposterior measurement exceeds its transverse. The curve of its margin is 
wider behind than in front. It transmits a large number of structures of which the 
most important is the lower end of the brain-stem. Anteriorly the margin of the 
for^en magnum is overlapped slightly on each side by the occipital condyle;, which 
projects downwards to articulate with the superior articular facet on the lateral 
mass of the atlas. Oval in outline^ the condyle is placed obliquely so that its anterior 
end is nearer the median plane than its posterior end. It shows a pronounced 
convexity from before backwards and a gentle convexity from side to side. The 
medial aspect is roughened for ligamentous attachments. Above the anterior part 
of the condyle the occipital bone is pierced by the anterior condylar (hypoglossal) 
canals which runs laterally and slightly forwards from the posterior cranial fossa 
and transmits the hypoglossal nerve. 

A depression of variable depth marks the occipital bone behind the condyle. 
It is termed the cordylar fossa^ and may be pierced by the posterior condylar canals 
which, when present, transmits an emissary vein from the sigmoid sinus. Lateral 
to the condyle the junior process of the occipital hone articulates with the petrous 
temporal. The anterior border of the process is free and forms the posterior boun- 
dary of the jugular foramen* This large foramen lies between the occipital bone 
and the jugulp fossa of the petrous temporal and is placed at the posterior end of 
the petro-occipital suture. In front it is separated from the lower orifice of the 
carotid canal by a raised ridge of bone, and on its lateral side it is related to the medial 
aspect of the sheath of the styloid process. Medially it is separated from the 
anterior condylar canal by a thin bar of bone. The foramen is usually larger 
on the right side of the skull and its long axis is directed forwards and medially. 
The anterior part of the foramen transmits the inferior petrosal sinus , its inter- 
mediate part, the glossopharyngeal, vagus and accessory nerves ; and its posterior 
part the internal jugular vein. When the superior bulb of the internal jugular vein 
is well developed jugular fossa of the temporal bone is hollowed out in an upward 
and lateral direction to accommodate it. 

The styloid process has been described already (p. 253)* Posterior to its root the 
stylomastoid foramen transmits the facial nerve. Behind and lateral to the foramen 

projects downwards and forwards, and forms the lateral 
wall of the mastoid (digastric) notch, firom which the posterior belly of the digastric 
musde takes origin. Medial to the notch the mastoid part of the temporal bone 
may be grooved by the occipital artery. 

In the median plane behind the foramen magnum the squamous part of the 
ocapital bone presents the external occipital crest, which gives attachment to the 
upper end of the ligamentum nucha. It terminates behind at the external occipital 
promber^ce. Near its midpoint the inferior nuchal line begins and curves back- 
wards and laterally. It is nearly parallel to the supenofr nuchal line, which extends 
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in the same direction from the external occipital protuberance and may be raised 
into a distinct crest in its medial part. 

Particular features. — ^The foramen magnum provides a wide communication between the 
posterior cranial fossa and the vertebral canal. Anteriorly it transmits the apical ligament 
of the odontoid process (dens) and the membrana tectoria, both of which gain attach- 
ment to the upper surface of the basilar part of the occipital bone. Its -wider, posterior 
part transmits the lower end of the medulla oblongata and the meninges. In the sub- 
arachnoid space the spinal roots of the accessory nerves, and the vertebral arteries, with their 
plexuses of sympathetic nerves, ascend to gain the interior of the cranium, the posterior 
spinal arteries descend, one on each posterolateral aspect of the brain stem, and the anterior 
spinal artery descends on the front of the brain stem in the median plane. In addition, the 
lower parts of the tonsils of the cerebellum may project into the foramen on each side of the 
medulla oblongata. The anterior margin of the foramen gives attachment to the anterior 
atlanto-occipital membrane, which is continuous on each side with the capsular ligament of 
the atlanto-occipital joint. The ^posterior margin gives attachment to the posterior atlanto- 
occipital membrane, and the roughened medial aspect of the condyle to the alar ligament. 

In addition to the hypoglossal nerve the anterior condylar [hypoglossal) canal transmits 
a meningeal branch of the ascending pharyngeal artery and a small emissary vein from the 
basilar plexus. Not uncommonly the canal is di-vided into two parts by a spicule of bone, 
a variation which is in keeping with the composite origin of the hypoglossal nerve. The 
inferior surface of the jugular process of the occipital bone provides insertion for the rectus 
capitis lateralis muscle. 

The jugular foramen (fig. 319) is directed upwards, medially and backwards, and on 
the external surface of the base of the skull its apparent size is increased owing to the pres- 
ence of the jugular fossa of the temporal bone on its lateral side. The floor of the fossa 
separates the superior bulb of the internal jugular vein from the tympanic cavity, and its 
lateral waU is pierced by a minute canal, termed the mastoid carmlicvlus, which transmits 
the auricular branch of the vagus nerve. Passing laterally through the bone this nerve 
comes into intimate relationship with the facial canal and finally emerges in the line of 
the tympanomastoid suture. It is e:rtra-cranial at birth but becomes surrounded by 
bone as the tympanic plate and the mastoid process develop. On or near the ridge 
between the jugular fossa and the orifice of the carotid canal, the canaliculus for the 
tympanic nerve pierces the bone to transmit the tympanic nerve from the glossopharyngeal 
nerve to the middle ear. On the upper boundary of the jugular foramen near its medial end, 
there is a small notch — ^more easily identified on the internal surface — ^which lodges the 
inferior (petrous) ganglion of the glossopharyngeal nerve. The orifice of the cochlear 
canaliculus (p. 299) lies at the apex of the notch, the projecting edges of which may reach 
the occipital bone and divide the foramen into three parts. 

The stylomastoid forarnen lies behind the root of the styloid process and at the anterior 
end of the mastoid notch. As the facial nerve emerges from the foramen it is in close 
proximity to the posterior belly of the digastric, which it supplies before entering the parotid 
gland. In addition to the facial nerve the foramen transmits the stylomastoid branch of 
the posterior auricular artery. A vascular groove crosses the inferior aspect of the mastoid 
part of the temporal bone medial to the mastoid notch. It is caused by the occipital artery, 
and its absence indicates that the vessel lay at a lower level than usual and between the 
splenius capitis and longissimus capitis instead of deep to both muscles. 

The area below the inferior nuchal line gives insertion medially to the rectus capitis 
posterior minor, and laterally to the rectus capitis posterior major (fig. 342). The interval 
between the inferior and the superior nuchal lines provides insertion medially for the semi- 
spinalis capitis and laterally for the obliquus superior. In its medial part the superior 
nuchal line gives origin to the highest fibres of the trapezius muscle ; in its lateral part it 
gives insertion to fibres of the sternomastoid and, more anteriorly, splenius capitis. 


THE INTERIOR OF THE SKULL 

The cranial cavity contains the brain and its membranes and their blood- 
vessels. Its walls are formed by the frontal^ parietal, sphenoid, temporal and 
occipital bones and, to a very small extent, by the ethmoid bone. They are lined 
with a fibrous membrane, termed the endocranium^ which is the outer layer of t±ie 
dura mater. It passes through the various foramina which lead to the exterior, and 
becomes continuous with the periosteum on the outer surfaces of the bones of the 
skull, often termed the pericranium. Both these fibrous membranes are continuous 
with the sutural ligaments, which occupy the narrow interosseous intervals at the 
sutures. 

The walls of the cranial cavity vary in thickness in different skulls and in differ- 
ent parts of the same skull ; but they tend to be thitmer in situations where they 
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are well covered with muscles externally, e.g. the temporal and posterior cranial 
fossae. Most of the cranial bones consist of an outer and an inner table^ formed of 
compact substance and separated from each other by the diploe^ which consists of 
spongy substance containing red bone marrow in its interstices. Many of the bones 
are so thin that the two tables are continuous, e.g. the vomer, pterygoid plates, etc. 
The inner table is thinner and more brittle than the outer table, which is often 
surprisingly resilient. 

Although the skull tends to be thicker in primitive than in higher races no 
relationship exists between thickness of skull and mental capacity, and in all races 
the bones of the skull are thinner in women and children than in men. 

The interior of the skull is described in two sections : (i) the internal surface 
of the skull-cap ; and (2) the internal surface of the base of the skull. 


The Interhae Surface of the Skull-Cap (fig. 323) 

The skull-cap comprises most of the frontal and parietal bones and the upper- 
most portion of the squamous part of the occipital bone. It is marked, therefore. 

Fig. 323. — Th^ internal surface of the skull-cap. 
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by the coronal, sagittal and lambdoid sutures, but they may or may not be visible 
for the cranial sutures tend to become obliterated in old age and the process com- 
mences on the cerebral surface. The skull-cap is deeply concave in all directions 
and presents mmerous vascular furrows and other markings. 

^teriorly, in the median plane, the upper end of tilt frontal crest projects back- 
wards. It gives attachment to the falx cerebri and is grooved by the commence- 
m^t of the sagittal sulcus. This sulcus lodges the superior sagittal sinus, and 
widens progressively as it runs , backwards in the median plane along the sagittal 
suture to ocapital bone. On each side of the sagittal sulcus the bone presents 
a number of irregul^ depressions, termed granular pits. They are more numerous 
and more obwous in aged skulls and are formed by the arachnoid granulations, 
which are tuft-like protrusions of the arachnoid mater. 

The antmor branch of the middle meningeal artery grooves the bone deeply 
about I cm. behind the coronal suture, and its line corresponds more or less accu- 
rately to Ae precentral sulcus of the cerebrum. Its rami and those of the posterior 
branch of the same artery course upwards and backwards from the cut edge of the 
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skuU-capa grooving the inner surface of the parietal bone. Smaller grooves pro- 
duced by meningei vessels may be present on the inner surfaces of the frontal and 
occipital bones. When present, the parietal foramina open on this surface near the 
sagittal groove about 3*5 cm. in front of the lambdoid suture. Each transmits an 
emissary vein from the superior sagittal sinus. 

The impressions for the cerebral gyri are less distinct on the skull-cap than on the 
base of the skull and are seen best near the cut edge. 

The Inteenal Sxteeace oe the Base of the Skull [Basis Cranh 
Interna] (figs. 324, 325) 

The internal surface of the base of the skull shows a natural subdivision into 
anterior, middle and posterior cranial fossae. It is very irregular owing, partly, to 
the impressions for the cerebral gyri, which are especially conspicuous in the anterior 
and middle fossae, where they reflect accurately the pattern of the surface of the 
corresponding parts of the cerebrum. The dura mater is finhly adherent to the 
whole area, and through the numerous foramina and fissures the endocranium is 
continuous with the periosteum on the exterior of the skull (pericranium). 


The Anterior Cranial Fossa (figs. 324, 325) 

The anterior cranial fossa is limited in front and on each side by the frontal 
bone. Its floor is formed by the orbital plates of the frontal bone, the cribriform 
plate of the ethmoid and the lesser wings and anterior part of the body of the 
sphenoid. 

The cribriform plate of the ethmoid^ which stretches across the median plane, lies 
between the two orbital plates of the frontal bone, and is depressed below the level 
of the rest of the floor. It separates the fossa from the nasal cavity, the roof of 
which it helps to form (fig. 330). Anteriorly it presents a median crest-like eleva- 
tion, termed the crista gallic which projects upwards between the two cerebral 
hemispheres. A depression intervenes between the front of the crista gaUi and the 
crest of the frontal bone^ the floor of which is crossed by the fronto-ethmoidal 
suture and is marked by the presence of the foramen ccecum. On each side the 
crista galli is separated from the orbital plate of the frontal bone by a narrow interval. 
The numerous small foramina which perforate the cribriform plate transmit the 
minute olfactory nerves from the nasal mucosa to the olfactory bulb. Posteriorly 
the cribriform plate articulates with the anterior part of the body of the sphenoid 
at the spheno-ethmoidal suture. 

The orbital plate of the frontal bone forms the greater part of the floor of the fossa 
on each side of the median plane and separates tiie orbit and its contents from the 
inferior surface of the frontd lobe of £he brain. Its surface is convex upwards and 
is marked by impressions for the cerebral gyri and by one or two small grooves for 
meningeal vessels. In its anteromedial part it is split into two laminae to con- 
tain part of an air-space, termed frontal sirms. The medial part of the orbital 
plate covers the ethmoidal labyrinth and shuts it out from the floor of the anterior 
cranial fossa. Posteriorly it articulates with the anterior border of the lesser wing 
of the sphenoid hone. In the median plane the cerebral surface of the frontal bone 
is marked by Hit frontal crests which projects backwards into the interval between 
the two cerebral hemispheres and extends upwards on to the interior of the skull- 
cap. 

Behind the cribriform plate the floor of the anterior cranial fossa is formed by 
the anterior portion of the upper surface of the body of the sphenoid. This part 
of the bone is termed ib&jugum sphenoidale^ and it separates the fossa from an air- 
space contained in the body of the sphenoid and named ih.t sphenoidal sinus (fig. 328). 
Anteriorly the jugum articulates with the posterior margin of the cribriform plate ; 
posteriorly it is limited by the anterior border of a groove, termed the optic groove 
{sulcus chiasmatis\ which crosses the body of the sphenoid in the forepart of the 
middle cranial fossa and leads from one optic foramen to the other. Lateral to the 
jugum the floor of the fossa is formed by the lesser wing of the sphenoid. The 
posterior margin of the lesser wing, which curves medially and backwards, is free 
and overhangs the most anterior part of the middle cranial fossa. Laterally the lesser 
wing tapers to a point and meets the suture between the frontal bone and the greater 
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wing at or near the lateral end of the superior orbital fissure. The medial extremity 
of its posterior border forms a projection termed the anterior clinoid process. Medi- 
ally the lesser wing is connected to the body of the sphenoid by two roots, separated 

from each other by the optic foramen. 

Fig. 324 .-The intemaJ .surface of the left The anterior root, broad and flat, is con- 

half of the base of the skull. (Basis craim tmuous With the JUgum Sphenoidale ; 
interna.) the posterior root, smaller and thicker, 

‘ lies in the middle cranial fossa and is 
connected to the body of the sphenoid 
opposite the posterior border of the 
optic groove. 

Particular features.^ — ^The crista galU 
and th.b frontal crest give attachment to the 
falx cerebri. The foramen caecum between 
them usually ends blindly, but on rare 
occasions it is patent and transmits a vein 
from the nasal mucosa to the superior 
sagittal sinus. The narrow groove on the 
lateral side of the crista galli is related to 
^■ilj the gyrus rectus, and the olfactory bulb 
lies on the medial edge of the orbital plate 
of the frontal bone. The anterior ethmoidal 
canal opens on the line of the suture be- 
tween the orbital plate of the frontal bone 
and the cribriform plate of the ethmoid 
(fig. 314). It is placed behind the crista 
galli and is difficult to identify, for it is 
directed medially and is overlapped above 
by the medial edge of the orbital plate. It 
transmits the anterior ethmoidal nerve and 
vessels, which run forward under the dura 
mater and gain the nasal cavity by passing 
downwards through a slit-like foramen at 
the side of the crista gaUi. The posterior 
ethmoidal canal opens at the posterolateral 
corner of the cribriform plate and is over- 
hung by the anterior border of the sphen- 
oid. It transmits the posterior ethmoidal 
vessels, but the posterior ethmoidal nerve 
terminates by supplying the mucous lining 
of the sphenoidal and posterior ethmoidal 
sinuses. 

* The free, posterior border of the lesser 
wing of the sphenoid fits into the stem of 
the lateral cerebral sulcus and may be 
grooved by the sphenoparietal sinus. 
Above, the lesser wing is related to the 
posterior part of the inferior surface of the 
frontal lobe and medially to the anterior 
perforated substance. Inferiorly it forms 
the upper boundary of the superior orbital 
fissure and helps to complete the roof of 
the orbit. The anterior clinoid process 
gives attachment to the free border of the 
tentorium cerebelli and is grooved on its 
medial aspect by the internal carotid artery 
as it pierces the roof of the cavernous sinus, mt infrequently the anWior clinoid process is 
connected to the middle clinoid process by a thin bar of bone, which completes a foramen 
around the intemal carotid artery. The flat surface of the jugum sphenoidale supports the 
posterior ends of the gyri recti and the olfactory tracts. 

The Middle Cbanial Fossa (figs. 324, 325) 

The middle cranial fossa is deeper than the anterior ^ it is more extensive on 
each side than in the median plane, and its walls bear some resemblance to a butter- 
fly with outspread wings. In front it is bounded by the posterior borders of the 
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lesser wings, the anterior clinoid processes and the anterior margin of the optic 
groove ; behind by the superior borders of the petrous parts of the temporal bones 
and the dorsum sdlae of the sphenoid bone ; laterally by the temporal squamae, the 
anterior inferior angles of the parietal bones and the greater wings of the sphenoid. 


Fig. 325. — ^Key to fig. 324, 
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In the tn»i4ia<i area the floor is formed by the body of the sphenoid. In front, 
the optic groove (sulcus chiasmatis) leads on each side into the optic foiamra. The 
sulcus does not lodge the optic chiasma, which lies above and behind it. The 
optic foramen is placed between the two roots of the lesser wing and is bounded 
medially by the body of the sphenoid. It is directed forwards, laterally and some- 
what downwards and transmits the optic nerve and the ophthalmic artery. Im- 
mediately behind the groove the upper surface of the body of the sphenoid is 
shaped like a Turkish saddle and is termed the sella turcica. Its anterior slope 
is marked by a median elevation, termed the tuberculum selke, and behind that 
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the surface is hollowed out to form the hypophyseal fossa (fig. 328), which lodges 
the hypophysis cerebri — ^an important ducdess gland. The floor of the hypophyseal 
fossa forms part of the roof of the sphenoidal sinus. (PI. I, fig. i .) Posterior to the 
fossa a plate of bone projects upwards and forwards to form the dorsum sella: On 
each side the superolateral angle of the dorsum sellae is expanded to form th.^ posterior 
clinoid process* Lateral to the sella turcica the body of the sphenoid presents a 
shallow groove for the internal carotid artery ^ as it runs forwards from the foramen 
lacerum, A s mall elevation marks the anterior part of the medial edge of the carotid 
groove and is termed the middle clinoid process i it may be joined to the anterior 
clinoid process by a thin bar of bone. Posteriorly the lateral edge of the carotid 
groove may be deepened by a small projection termed the lingula* 

The lateral part of the middle cranial fossa is deep and its floor sup- 
ports the tempord lobe of the brain. It is formed in front by the cerebral surface of 
the greater wing of the sphenoid and behind by the anterior surface of the petrous 
part of the temporal bone^ while the cerebral surface of the temporal squama occu- 
pies the interval between these two bones in the lateral portion of the floor. It is 
related in front to the posterior part of the orbit : laterihy, to the temporal fossa i 
and belowj to the infratemporal fossa. 

Anteriorly it communicates with the orbit through the superior orbital 
fissure^ which is placed obliquely and is bounded above by the lesser wing, below 
by the greater wing, and medially by the side of the body of the sphenoid. The 
fissure is wider at its medial end tiban at its lateral end and its long axis is directed 
upwards, laterally and forwards. It transmits the termitial branches of the ophthal- 
mic nerve, the ophthalmic veins, the oculomotor, trochlear and abducent nerves, 
and some sn^er vessels. 

The foramen rotundum pierces the greater wing of the sphenoid immediately 
below and a little behind the medial end of the superior orbital fissure. It leads 
forwards into the pterygopalatine fossa, to which it conducts the maxillary nerve. 

The foramen ovale pierces the greater wing ofthe sphenoid posterior to the 
foramen rotundum and lateral to the lingula and the posterior end of the carotid 
groove. It leads downwards into the infiratemporal fossa and transmits the man- 
dibular nerve to that region. 

The foramen spinosum lies dose to the posterolateral margin of the foramen 
ovale, and transmits the middle meningeal artery from the infratemporal fossa to the 
middle cranial fossa. The artery, with its accompanying veins, runs laterally to 
gain the temporal squama on which it runs upwards, forwards and laterally. 
Crossing the temporosphenoidal suture for a second time it ascends on the greater 
wing and divides into anterior and posterior branches. The anterior branch pro- 
ceeds upwards across the cerebral surface of the pterion and gains the anterior part 
of the parietal bone. In the region of the pterion the artery is often enclosed in a 
bony canal. The posterior branch runs backwards and upwards on to tbe upper 
part of the temporal squama and crosses the parietosquamosal suture to gain the 
posterior part of the parietal bone*. These arteries and their branches produce 
conspicuous grooves in the floor and lateral wall of the middle cranial fossa. 

At the posterior end of the carotid groove and posteromedial to the foramen 
ovale the foramen lacerum is situated. It is bounded behind by the apex of the 
petrous temporal and in front by the body of the sphenoid and the posterior border 
of its greater wing. This end of the foramen lacerum transmits tixt internal 
carotid artery and its accompanying nervous and venous plexuses, together wiA 
some smaller structures. 

Behind the foramen lacerum the anterior surface of the petrous temporal 
presents a shallow depression adjoining the apex of the bone. It is occupied by the 
trigei^al (semilunar) ganglion, and is named the trigeminaisimpression* The 
ganglion lies in a special recess of the dura mater and extends forwards above the 
lateral part of the foramen lacerum. Posterolateral to the trigeminal impression the 
surface presents a shallow hollow, limited posteriorly by a transversely rounded 
elevation, termed the arcuate eminence* This elevation is produced by the superior 
semicircular canal, which is closely related to the floor of Ae middle cranial fossa in 
this situation. 

Lateral to the trigeminal impression the anterior surface of the petrous temporal 
presents a narrow groove whidi is directed backwards and laterally and soon dis- 
appears into the hiatus for the greater superficial petrosal nerve. Anterolateral to the 
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arcuate eminence the anterior surface of the petrous temporal is formed by the 
tegmen tympanic a thin lamella of bone which forms the roof of the tympanic 
cavity^ and extends forwards and medially above the phar3mgotympanic (auditory) 
tube. Lateral to the arcuate eminence ihe posterior part of the tegmen tympani 
forms the roof of the tympanic antrum — an air-space in the bone which com- 
mimicates in front with the tympanic cavity. 

The superior border of the petrous temporal separates the middle cranial fossa from 
the posterior cranial fossa. Behind the trigeminal impression it is grooved by the 
superior petrosal sinus^ which connects the posterior end of the cavernous sinus to 
the upper end of the sigmoid sinus. 

Particular features. — ^The optic nerve carries with it through the optic foramen a sheath 
derived from the membranes of the brain. The ophthalmic artery lies below the nerve, and 
in contact with the posterior root of the lesser wing. 

On each side of the body of the sphenoid the cavernous sinus extends from the medial 
end of the superior orbital fissure to the apex of the petrous part of the temporal bone. 
In addition to the internal carotid artery and its plexus of S 3 mipathetic nerves the sinus 
contains the oculomotor, the trochlear, abducent and ophthalmic nerves, but these 
structures do not come into contact with the bone. An anterior intercavernous sinus, 
which crosses the tuberculum sellce, and a posterior intercavernous sinus, which crosses the 
front of the dorsum sellce, connect the two cavernous sinuses to each other. An additional 
connexion is established by an irregularly loculated sinus which intervenes between the 
hypophysis cerebri and the fioor of its fossa. The diaphragma sellae, which surrounds the 
infimdibulum, is connected to the tuberculum in front and to the dorsum sellae behind. The 
posterior dinoid process gives attachment to the anterior extremity of the attached margin 
of the tentorium cerebeUi and to the petrosphenoid ligament (p. 1057). 

The superior orbital fissure (fig. 312) opens into the orbit between its roof and its lateral 
waU. Its lower border is marked by a small projection which gives attachment to the lateral 
part of the annulus tendinis communis. Lateral to this projection the fissure is narrow, and 
transmits the lacrimal, frontal and trochlear nerves, and, in addition, a small orbital branch 
from the middle meningeal artery and a meningeal branch from the lacrimal artery. The 
wider, medial end of the fissure transmits the upper and lower divisions of the oculomotor, 
the nasociliary — ^which usually lies between them — ^and the abducent nerve — which usually 
lies below them — ^and the ophthalmic veins. The veins pass directly into the anterior end 
of the cavernous sinus. At the lateral extremity of the fissure the greater wing and the 
orbital plate of the frontal bone articulate with each other. 

The foramen rotundum, like the medial end of the superior orbital fissure, is intimately 
related to the lateral wall of the sphenoidal sinus. Originally a part of the fissure, it be- 
comes separated secondarily. A small foramen may be present at the root of the greater 
wing medial to the foramen ovale ; it transmits an emissary vein from the cavernous 
sinus and is termed the emissary sphenoidal foramen. In addition to the mandibular nerve 
the foramen ovale transmits the accessory meningeal artery, and, sometimes, the lesser 
superficial petrosal nerve. In addition to the middle meningeal artery the foramen spinosum 
transmits the nervus spinosus. Both these foramina are represented at first by notches on 
the margin of the greater wing, which subsequently become converted into foramina. 

The foramen lacerum, as described above (p. 261), is a short bony canal, traversed in its 
whole extent only by minute meningeal branches from the ascending pharyngeal artery 
and a few small veins and meningeal lymphatic vessels. The internal carotid artery pierces 
its posterior wall (p. 261) and ascends tluough its upper opening. The greater superficial 
petrosal nerve emerges from its hiatus and runs forwards in the groove which marks the 
anterior surface of the petrous part of the temporal bone. It turns downwards through 
the foramen lacerum on the lateral side of the internal carotid artery and is joined by the 
deep petrosal nerve to form the nerve of the pterygoid canal. This nerve leaves the foramen 
lacerum above its lower opening by traversing the pterygoid canal, which opens on its ant- 
erior wall. The lesser superficial petrosal nerve b'es to the lateral side of the greater as it 
emerges on the anterior siuface of the petrous part of the temporal bone and may occupy a 
small groove. 

In a young skull the suture between the petrous and the squamous parts of the temporal 
bone may be visible at the lateral limit of the tegmen tympani, but it is usually obliterated 
in the adult skuU. In this situation anteriorly, the lateral margin of the tegmen tympani 
turns downwards, forming the lateral waU of the bony part of the pharyngotympanic 
(auditory) tube, and its lower border may be visible in the floor of the squamotympanic 
fissure (p. 262). 

Lateral to the anterior part of the tegmen tympani the part of the temporal squama 
which helps to form the floor of the middle cranial fossa is thin and translucent over a smaU 
area. This corresponds to the deepest part of the articular fossa on the external surface of 
the base of the skull. 

In front of the commencement of the groove for the superior petrosal sintis the v^per 
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border of the petrous temporal shows a shallow smooth notch, termed the trigeminal notch, 
which leads into the trigeminal impressicm. In this situation the roots of the trigeminal 
nerve intervene between the superior petrosal sinus and the bone. A tiny spicule, directed 
forwards and medially, marks the anterior extremity of the notch and gives attachment to 
the lower end of the petrosphenoidal ligament. The abducent nerve bends forwards 
sharply across the upper border of the temporal bone immediately in front of this bony 
spicule,* and so lies between the petrosphenoidal ligament and the side of the dorsum sellse. 


Fig. 326 . — horizontal section through the nasal and orbital cavities. 
Superior aspect. 
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The Postebioe Cranial Fossa (jfigs. 324, 325) 

The posterior fossa is the largest and deepest of the three cranial fossae. It is 
bounded in front by the dorsum sellae, the posterior part of the body of the sphenoid 
and the basilar part of the occipital bone ; behind, by the lower portion of the squa- 
mous part of the occipital bone ; on each side, by the petrous and mastoid parts of 
the temporal bone, the condylar (lateral) part of the occipital bone and, above and 
behind, by a small part of the posterior inferior angle of the parietal bone. It con- 
tains the cerebellum behind and the pons and medulla oblongata in front. 

The foramen magnum (p. 262) is in the floor of the fossa and is surrounded by 
the parts of the occipital bone. Its circumference is formed by the basilar part in 
front, by the condylar (lateral) part on each side and by a small portion of the 
squamous part behind. Just in front of its transverse diameter it is encroached on 
by Ae irregular, medial aspects of the occipital condyles, so that it is somewhat 
ovoid in shape and is wider behind than in front. Its narrower, anterior part lies 
above the odontoid process (dens) of the axis vertebra ; its wider posterior part 
communicates below with the vertebral canal, and through it the mediiUa oblongata 
passes down to become continuous with the spinal cord. 

* E. Wolff, Journal of Anatomy, vol. lxiii.,p. 150. 
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In front of the foramen magnum the basilar part of the occipital bone, the 
posterior part of the body of the sphenoid bone and the dorsum sellae form a sloping 
surface, gently concave from side to side, to support the medulla oblongata below 
and the pons above. On each side this area is separated from the petrous part of 
the temporal bone by the petro-occipital fissure, which is occupied in the recent 
state by a thin plate of cartilage. The fissure is limited behind by the jugular 
foramen, and its margins are grooved by the ioferior petrosal sinus. 

The jugular foramen (p. 262) lies at the posterior end of the petro-occipital- 
suture, and leads forwards, downwards and laterally to the external surface of the 
base. Its upper border is sharp and irregular and presents a notch for the glosso^ 
pharyngeal nerve. Its lower border is smooth and regular. The posterior part of 
the foramen transmits the sigmoid sinus, which is continuous below with the internal 
jugular vein. In front of the vein the accessory, vagus and glossophamygeal 
nerves, in that order from behind forwards, traverse the foramen to gain the upper 
part of the neck. The most anterior part of the foramen transmits the inferior 
petrosal sinus. 

Medial to the lower border of the jugular foramen a roimded elevation, termed 

jugular tubercle^ marks the condylar part of the occipital bone. It lies above and 
somewhat in front of the inner opening of the anterior condylar (hypoglossal) 
canal, which pierces the bone at the junction of the basilar with the condylar part 
and transmits the hypoglossal nerve. 

The posterior surface of the petrous part of the temporal bone forms a large 
portion of the lateral (or anterolateral) wall of the posterior fossa. Above the 
anterior part of the jugular foramen the internal auditory meatus (fig. 325) runs 
transversely in a lateral direction. . It is a short passage, about i cm. long, closed 
laterally by a perforated plate of bone which separates it from the internal ear. It 
transmits the facial and auditory nerves. 

Behind the petrous temporal the lateral wall of the posterior cranial fossa is 
formed by the mastoid part of the temporal bone. Anteriorly it is marked by a wide 
groove, which runs forwards and downwards, then downwards and medially, and 
finally forwards to the posterior limit of the jugular foramen. This groove contains 
the sigmoid sinus and is termed the sigmoid sulcus (fig. 325). At its upper end, 
where it touches the postero-inferior angle of the parie^ bone, the groove is con- 
tinuous with that for the transverse sinus and crosses the parietomastoid suture. 
As it descends,, it lies behind the tympanic antrum and forms a very important 
relation of that cavity. . In this part of its course the mastoid foramen opens near its 
posterior margin and transmits an emissary vein from the sinus. In its lowest 
part the sigmoid sulcus crosses the occipitomastoid suture and grooves the 
jugular process of the occipital- bone. It is usually deeper on the right than on 
the left side. 

Behind the foramen magnum the squamous part of the occipital bone is marked 
in or near the median plane by the internal occipital crests which ends above and 
behind in an irregular elevation named the internal occipital protuberance. On each 
side of the protuberance a wide shallow groove curves laterally with a slight up- 
ward convexity to the postero-inferior angle of the parietal bone. It is produced by 
the transverse sinus, is usually deeper on the right side, and at its lateral extremity 
is continuous with the groove for the sigmoid sinus. Below the groove for the 
transverse sinus the internal occipital crest divides the bone into two gently 
hollowed fossae, which lodge the cerebellar hemispheres. 

When the postmor coMylar canal is present (fig. 343), its inner orifice usually 
lies behind and lateral to the orifice of the anterior condylar (hypoglossal) canal, but 
it may lie nearer to the jugular foramen. It transmits an emissary vein from the 
lower end of the sigmoid sinus. 

Particular features. — The anterior wall of the fossa is related to the network of basilar 
sinuses which connects the two inferior petrosal sinuses and communicates below with the 
internal vertebral venous plexus. A little in front of the foramen magnum the membrana 
tectoria is attached to the basilar part of the occipital bone (fig. 513), covering the attach- 
ment of the apical Ligament of the odontoid process. The jugvlar tubercle is often grooved 
by the glossopharyngeal, vagus and accessory nerves, as they pass to the jugular foramen. 
In addition to the -hypoglossal nerve the anterior condylar canal transmits a meningeal 
branch of the ascendiag pharyngeal artery. The canal is often subdivided into two parts 
by a small bar of bone, and this may be related to the composite origin of the hypoglossal 
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nerve (p. 1031). The roughened medial aspect of the occipital condyle (fig. 342) gives 
attachment to the alar ligament. 

The lower and posterior borders of the jugular foramen (pp. 262, 263, and 271) are 
smooth and regular, but its upper border is sharp and interrupted by a notch, the ends of 
which may succeed in dividing the foramen into two or sometimes three compartments. 
The notch lodges the inferior (petrous) ganglion of the glossopharyngeal nerve and at its 
deepest part is pierced by the cochlear canaliculm, which contains the aqueduct of the 
cochlea. 

The internal auditory meatus transmits the auditory nerve, both the motor and the 
sensory roots of the facial nerve and the internal auditory vessels. It is about 1 cm. in 
length and its fundus is separated from the internal ear by a vertical plate which is divided 
into two imequal portions by a transverse crest (fig. 327). Above the crest anteriorly the 
bone is pierced by the facial canal, which conducts the facial nerve through the petrous 
temporal to the stylo-mastoid foramen. Behind the opening of the facial canal there is a 
small depression, termed the superior vestibular area, which presents a number of small 
openings for the passage of the nerves to the utricle and the superior and lateral semi- 


Bia. 327 . — A diagrammatic view of the lateral end of the right internal auditory 

meatus. (Testut.) 
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circular ducts. Below the transverse crest anteriorly lies the cochlear area, in which a 
number of small, spirally arranged openings encircle the central canal of the cochlea and 
constitute the tractus spiralis foraminosus. Behind the cochlear area the inferior vestibular 
area presents several openings for the nerves to the saccule. Below and behind the inferior 
vestibular area the foramen singulare gives passage to the nerve to the posterior semi- 
circular duct. 

Behind the orifice of the internal auditory meatus a thin plate of bone with an irregulaiiy 
curved margin projects backwards, and the slit which it bounds contains the external 
opening of the aqueduct of the vestibule (fig. 360). Within the aqueduct the saccus and ductus 
endolymphaticus are contained together with a small artery and vein. In the area between 
the internal auditory meatus and the external opening of the aqueduct of the vestibule there 
is a small depressed area, termed the subarcuate fossa, which lodges a small process of the 
dura mater. It lies nearer to the upper border of the bone (fig. 350) and is pierced by a small 
vein. In the infant the fossa is relatively large and extends as a short blind tunnel under 
the superior semicircular canal ; it corresponds to the floccular fossa in some animals. 

In addition to an emissary vein, the rmstoid foramen transmits a meningeal branch of 
the occipital artery, which is sometimes large enough to produce a groove on the squamous 
part of the occipital bone. 

The internal occipital crest gives attachment to the falx cerebelli and may be grooved by 
the occipital sinus,- which is sometimes duplicated and is occasionally a large vessel. Its 
lower end is related to the inferior vermis of the cerebellum. The internal occipital protuber- 
ance is related to the confluence of sinuses and is grooved on each side by the commencement 
of the transverse sinus. The margins of the groove for the transverse sinus give attachment 
to the two layers of the tentorium cerebelli. Traced in a lateral direction, the groove 
reaches the lowest part of the posterior inferior angle of the parietal bone, where it becomes 
continuous with the groove for the sigmoid sinus (p. 271). On each side of the internal 
occipital crest the bone is tto and translucent, in marked contrast to the regions of the 
crest and of the internal occipital protuberance. 
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THE NASAL CAVITY 

The nasal cavity is the first of the respiratory passages and is an irregularly 
shaped space which extends from the roof of the mouth upwards to the base 
of the sl^. It is subdivided into right and left halves by a septum (fig, 328)^ 
which is approximately median in position. In the dried skull the septum is 
deficient anteriorly, and as a result a single anterior nasal aperture is present on the 
norma frontalis. The septum, however, reaches the posterior limit of the cavity, 
which communicates with the nasal part of the pharynx through a pair of posterior 
nasal apertures^ placed immediately above the posterior border of the bony plate. 
The cavity is wider below than above and is widest and deepest in its central part. 
It communicates with the frontal, ethmoidal, maxillary and sphenoidal sinuses. 


Fig. 328. — ^The nasal septum. Left side. 
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Each half of the nasal cavity has a roof, a floor, a lateral and a medial wall — the 
medial wall being formed by the corresponding side of the nasal septum. 

The roof (figs. 329, 330) is horizontal in its middle part but slopes downwards 
in front and belmd. The anterior sloping part is formed by the frontal and nasal 
bones and contributes to the formation of lie external nose. The horizontal part is 
formed by the cribriform flate of the ethmoid bone and separates the nasal cavity 
from the median part of die floor of the anterior cranial fossa. It presents numerous 
small openings for the passage of the olfactory nerves. The posterior sloping part 
is formed by the body of the sphenoid and is interrupted by the rounded orifice 
of lie sphenoidal sinus. 

The floor is smooth, gendy concave from side to side, and slopes upwards a 
litde as it passes backwards from the anterior aperture to the posterior aperture. It 
is formed by the upper surface of the bony plate and therefore intervenes between 
the nasal and oral cavities. Portions of four bones contribute to its formation. 
Anteriorly the palatine processes of the two maxillae meet in the median plane, and 
behhid them the horizontal plates of the palatine bon^s articulate with each other 
in the median plane and with the palatine processes of the maxillae in front. In 
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its anterior part the floor dose to the septum presents a small funnel-shaped 
opening which leads into the inddve canal. 

The medial wall is formed by the hony septum (fig. 328), which extends 
between the roof and the floor. It is a thin sheet of bone and presents a 
wide defldency in fronts occupied in the recent state by the septal cartilage. It is 
formed almost entirely by the vomer and the perpendicular plate of the ethmoid. 
The vomer extends from the under, surface of the body of the sphenoid to the bony 
palate and forms the lower and posterior part of the septum, including its free, 
posterior border. It is marked by small furrows for vessels and nerves. The 
perpendicular plate of the ethmoid forms the upper and anterior part of the septum 
(fig. 328) and is continuous above with the cribriform plate (p. 265), The septum 
is often deflected to one or other side, and the deviation occurs most commonly on 
the line of the vomero-ethmoidal suture. 


Fib. 329. — ^The roof, floor and right lateral wall of the nasal cavity. Drawn from the 

same skull as flg. 328. 
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TIk lateral wall (figs. 329, 330) is very irregular owing to the presence of 
three bony projections termed the inferior, middle and superior nasal r»nrha. 
It is formed, for the most part, by the nasal surface of the maxilla below and in 
firont, by the perpendicular plate of the palatine bone posteriorly, and above by the 
nasd surface of the ethmoidal labyrinth, which intervenes between the nasal 
cavity and the orbit. The three conchae project downwards and slightly medially, 
and each forms the roof of a passage which communicates freely with the nasal 
cavity. These passages are termed the meatuses of the nose. 

The inferior concha is a curved lamina of thin bone and is an indpppndon t entity. 
It articulates with the nasal surfiice of the maxilla and the perpendicular pl at** of the 
palace bone, md possesses a free lower border, which is gently curved The 
inferior meatus lies under cover of the mferior concha and extends downwards to the 
floor of the nasal cavity. It is the largest of the three meatuses and extends almost 
the entire length of the lateral wall of the nose. The inferior meatus is deepest at 
the juncton of iK anterior and middle thirds, and in this situation it presents the 
lower onflce of the nasolacrimal canal. 

wd superior concha are projections from the medial surfrce of the 
ethmoidal labyrinth. The middle concha is much the larger and backwards 
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to articulate with the perpendicular plate of the palatine bone. The middle meatus 
is placed between the middle and inferior conchae. Its lateral wall displays several 
important features which can be examined only after the removal of the middle 
concha (fig. 330). Its upper part is occupied by a rounded elevation, termed the 
ethmoidal Imlla^ which contains the middle ethmoidal sinuses. Below and in front 
of the bulla a curved fissure passes downwards and backwards across the lateral wall . 
of the meatus. It is named the hiatus semilunaris^ and its upper or anterior end is 
continuous with a curved canal, termed the infundibulum. In its posterior part the 


Fig. 330. — The lateral wall of the right nasal cavity, with parts of the middle and 
inferior nasal conchas removed. 
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floor of the hiatus semilunaris receives the opening of the maxillary sinus, which is 
usually hidden by the edge of the fissure. The anterior ethmoidal sinuses open into 
the infundibulum, which, in fifty per cent, of skulls, opens above into the frontd 
sinus. It may, however, be closed above by the fusion of the bulla ethmoidalis 
with the edge of the hiatus semilunaris and, in that event, the frontal sinus opens 
independently into the anterior part of the middle meatus. The middle 
ethmoidal sinuses open above,- or near, the bulla. The lateral wall of the meatus 
below the hiatus senulunaris may be partially deficient, and the gap or gaps 
lead into the maxiUary sinus. In the recent state they are usually closed by the 
nasal mucosa. 

The superior concha is a small curved lamina which lies above and behind the 
middle con ch a. It roofs in the superior meatus^ which is much the shortest md 
shallowest of the three meatuses ; it receives the opening of the posterior ethmoidal 
sinuses. Immediately behind die superior meatus the sphenopalatine foramen, 
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which opens into the pterygopalatine fossa, pierces the lateral wall of the nasal 
cavity. A narrow interval, termed the spheno-ethmoidal recew, separates the superior 
concha from the anterior surface of the body of the sphenoid, through which the 
sphenoidal sinus opens into the nasal cavity. , 

The anterior nasal aperture has been described on p. 246 . 

The posterior nasal apertures (choanae) are separated from each other by 
the posterior border of the vomer. They are bounded below by the posterior border 
of the horizontal plate of the palatine bone, above by the base of the skull ; and 
laterally, on each side, by the medial pterygoid plate. 

Particular features. — ^The anterior sloping part of the roof (fig. 329) is formed by the 
nasal bone and the nasal spine of the frontal bone, In addition to the numerous small 
foramina for the transmission of the olfactory nerves, the horizontal part of the roof 


Fig. 3 31. —A sagittal section through the skull. 



presents -a separate foramen, situated anteriorly, which gives passage to the anterior 
ethmoidal nerve and vessels. The posterior sloping part of the roof is formed above by the 
anterior aspect of the body of the sphenoid, with which the sphenoidal concha (p. 293) is 
fused, and below by the ala of the vomer and the sphenoidal process of the palatine bone. 

The floor (fig. 328) is crossed at the junction of its middle and posterior thirds by the 
palatomaxillary suture. Close to the median plane anteriorly it is pierced by the in- 
cisive canal, which transmits the terminal part of the long sphenopalatine (nasopalatine) 
nerve and the greater palatine vessels. Both incisive canals open into the incisive fossa on 
the bony palate and they traverse the line of union of the os incisivum (premaxilla) with 
the maiOla ; they represent a primitive communication between the mouth and the nose. 

At the upper and lower borders of the medial wall (fig, 328) other bones, in addition to 
the vomer and the perpendicular plate of the ethmoid, make minor contributions to the 
septum. Above and in ftont, the nasal bones and the frontal spine, above and behind, the 
rostrum and crest of the sphenoid, and below, the nasal orests of the Tnfl,TTl]flp! and palatine 
bones all take small parts in its constitution. The vomer is grooved by the long spheno- 
palatine nerve, as it runs downwards and forwards to reach the incisive canal. 

The lateral wall (figs. 329, 330) is formed anteriorly and above by the nasal bone and the 
frontal process of the maxilla. Behind the frontal process of the maxilla, and articulating 
with its posterior border, the lacrimal bone lies on the lateral wall of the middle meatus and 
articulates below with the lacrimal process of the inferior concha. These two bones form the 
medial wall of the nasolacrimal canal (fig. 330), which conducts the nasolacrimal duct to the 
inferior meatus. Posteriorly the lacrimal bone articulates with the ethmoidal labyrinth and 
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helps to close some of the ethmoidal sinuses. The urmwM process of the ethmoid springs 
from this part of the labyrinth and curves downwards and backwards in the lateral wall of 
the middle meatus. It is a very thin and fragile process, about 3 mm. wide, which curves 
across the maxillary hiatus and articulates near its extremity with the ethmoidal process of 
the inferior concha. The concave, posterior border of the process is free and forms the 
medial edge of the hiatus semilunaris ; the convex anterior border is free in its upper part 
only. Owing to its position relative to the maxillary hiatus the unchaate process helps to 
form the medial wall of the maxillary sinus. The rriaxillary hiatus, which forms such a con- 
spicuous opening on the nasal surface of the maxilla (fig. 382), is reduced in size very con- 
siderably by the neighbouring bones. Its lower part is covered by the inferior concha and 
its maxillary process ; above the inferior concha the uncinate process of the ethmoid, as 
already stated, encroaches on the gap. Posteriorly the anterior part of the perpendicular 
plate of the palatine bone closes it in still further, and above and in front small portions of 
the ethmoidal labyrinth and the lacrimal bone overlap its margios (fig. 383). a result, 
the maxillary hiatus is reduced sometimes to a single orifice in the floor of the posterior part 
of the hiatus semilunaris, although as a rule additional openings exist behind the uncinate 
process, and between its lower border and the upper border of the inferior concha. The hvlla 
ethmoidalis is very variable in its size and shape and, as already mentioned, may be fused 
with the upper part of the uncinate process. In that event the duct of the frontal sinus 
opens into the upper part of the middle meatus medial to the blind end of the infundibulum. 
A third concha is often present on the medial surface of the ethmoidal labyrinth above and 
behind the posterior end of the superior concha ; it is little more than a slight ridge, sepa- 
rated from the superior concha by a shallow depression. The sphenopalatine foramen 
(fig. 329) lies at the posterior limit of the superior meatus. It transmits the sphenopalatine 
artery and the long and short sphenopalatine nerves from the pterygopalatine fossa. The 
foramen is bounded above by the body of the sphenoid and the sphenoidal concha ; below 
by the notched upper border of the perpendicular plate of the palatine bone, and in front and 
behind by its orbital and sphenoidal processes respectively. 


THE MANDIBLE [MANDIBULA] (figs. 332, 333) 

The mandible^ which is the largest and strongest bone of the face, has a 
curved, horizontal body^ which is convex forwards, and two broad rami^ which 
project upwards from the posterior ends of the body. 

The body of the mandible is curved like a horseshoe, and possesses an ex- 
ternal and an internal surface, separated by upper and lower borders. The 
external surface is marked in the upper part of the median plane by a faint ridge, 
often indistinguishable, which indicates the line of fusion of the two halves of the 
foetal bone. Inferiorly the ridge divides to enclose a triangular raised area, termed 
the mental protuberance^ the base of which is depressed in the centre but raised on 
each side to form the mental tubercle. Below the interval between the two premolar 
teeth, or below the second premolar, the mental foramen^ which gives exit to the 
mental nerve and vessels, opens on the siuface. A faint ridge, termed the oblique 
linei runs upwards and backwards from the mental tubercle, to become salient 
behind, where it is continuous with the anterior border of the ramus. 

The lower border of the body is termed the base of the mandible. It extends 
backwards and laterally from the symphysis menti, and becomes continuous with 
the lower border of the ramus behind the third molar tooth. Near the median plane 
it presents a small, roughened depression, named the digastric fossa. Behind the 
digastric fossa the base is thick and roimded and presents a slight downward con- 
vexity. 

The upper border of the body is formed by the alveolar part^ which is hollowed 
into sixteen sockets (alveoli) for the roots of the teeth. These sockets vary in size 
and depth, and are single or subdivided by septa according to the teeth which they 
contain. 

The internal surface is divided into two areas by an oblique ridge termed the 
mylohyoid line. Sharp and distinct in the region of the molar teeth, it becomes 
almost undiscemible in front. It commences behind the third molar tooth, not 
quite I cm. from the upper border of the bone, and runs forwards and downwards 
to reach the symphysis menti in the interval between the two digastric fossae. 
Below the mylohyoid Ime the surface is slightly hollowed out and forms the sub- 
mandibular fossa for the lodgment of the submandibular (submaxiUary) salivary 
gland. The area above the mylohyoid line widens as it is traced forwards and pre- 
sents in front a triangular area, termed the sublingual fossa^ which lodges the sub- 
lingual gland. Above the sublingual fossa and extending backwards to the third 
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Fig. 332. — The left half of the mandible. Lateral aspect. 



Fig. 333. — The right half of the mandible. Medial aspect. 
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molar tooth a strip of the bone is closely covered with the mucous membrane of the 
mouth. Above Ae anterior ends of the mylohyoid lines the posterior surface of the 
symphysis menti is marked by a small irregular elevation^ which may be divisible 
into two or more parts, termed the genial tubercles (mental spine). Posteriorly, a 
groove, termed the mylohyoid groove^ extends downwards and forwards on to 
die body from the ramus and passes below the posterior end of the mylohyoid 
line. 

The ramus (figs. 332, 333)ofthemandibleisquadrilateralin shape, and presents 
two surfaces, four borders and two prominent processes. The lateral surface is 
flat and marked by oblique ridges in its lower part. The medial surface presents, a 
little above its centre, an irre^ar opening, named the mandibular foramen. This 
opening leads into the mandibular canals which curves downwards and forwards 
to open on the external surface of the body at the mental foramen. It transmits 
the nerve and. vessels which supply the teeth of the mandible. In front and on 
the medial side the foramen is obscured by a thin triangular process termed the 
lingula. The mylohyoid groove commences behind the lin^a and runs downwards 
and forwards to reach llie internal surface of the body. The part of the medial 
surface which lies behind the groove is marked by a number of short rough ridges. 
The inferior border of the ramus is continuous in front with the base of the mandible ; 
behind, it meets the posterior border at the angle of the mandible^ When 
the angle is prominent the inferior border presents a concavity, directed down- 
wards. Eversion of the angle is characteristic of the male mandible ; in the female 
it is frequently inverted. The upper border is thin and bounds a wide notch, 
termed the mandibular notch. It is surmounted in front by a triangular, flattened 
projection, termed the coronoid process, and behind by a stout, articular process 
named the condyloid process. The posterior border^ thick and rounded, extends 
from the back of the condyloid process to the angle of the mandible. It is gently 
curved, being convex backwards above and concave below, and is intimately re- 
lated to the parotid gland. The anterior border is thin above, where it is continuous 
with the anterior border of the coronoid process, and thicker below, where it is 
continuous with the oblique line. 

The coronoid process is a flattened triangular projection, directed upwards 
and slightly forwards. Its posterior border bounds the mandibular notch and its 
anterior border is continuous with die anterior border of the ramus. Its margins 
and medial surface provide insertion for most of the fibres of the temporalis muscle. 
The condyloid process is expanded above to form the head of the mandible, 
which is covered with fibrocartflage. It articulates with the articular fossa of the 
temporal bone — an articular disc intervening. It is convex in aU directions and its 
transverse measurement is greater than its anteroposterior. The lateral aspect of 
the head forms a blunt point which projects beyond the lateral surface of the rest 
of the ramus and can be felt in the living subject just in front of the tragus of the 
auricle. When the mouth is opened the head passes downwards and forwards, 
and the examining finger sinks into a small depression. The constricted portion 
below the head is termed the neck of the mandible. It is slightly flattened firom 
before backwards^ and its anterior aspect is limited on the lateral side by the back- 
ward continuation of the margin of the mandibular notch. Medial to this ridge the 
anterior surface of tibie neck presents a rough muscular impression. 

The mandibular canal runs from the mandibular foramen obliquely down- 
wards and forwards in the ramus, and then horizontally forwards in the body below 
the sockets of the teeth, with which it communicates by small openings. It con- 
tains the inferior dental (alveolar) nerve and vessels, from which branches enter the 
roots of the teeth. Between the roots of the first and second premolars, or below the 
root of the second premolar tooth, the mandibular canal hvides into mental md 
incisive canals ; the mental canal runs upwards, backwards and laterally to reach 
the menial foramen ; the incisive canal is continued forwards below Ae incisor 
teeth. 

Farticulax features. — small shallow fossa marks the bone below the incisor teeth and 
gives origin to the mentalis and a pari«of the orbicularis oris muscle. The anterior end of the 
oblique line gives origin to the depressor labii inferioris (quadratus labii inferioris) and 
the depressor a-ngnli oris (triangularis) muscles; The platysma is inserted into the bone 
below these muscles and extends backwards beyond them. The lower margin of the mental 
foramen is sharp and the mental nerve is directed upwards and backwards as it emerges 
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from the bone. Adjoining the alveolar border the bone is closely covered with the mucous 
membrane of the mouth. Immediately below this area, in the region of the molar teeth, the 
buccinator muscle has a linear origin, which extends medially behind the last molar tooth 
to the attachment of the pterygomandibular Hgament. 

The mylohyoid line gives origin to the mylohyoid muscle. Above its posterior end the 
bone gives origin to fibres of the superior constrictor muscle of the pharynx, and the pterygo- 
mandibular ligament (raphe) is attached immediately behind the third molar tooth. The 
lingual nerve gains the tongue by passing above the posterior end of the mylohyoid line, and 
in this situation is closely related to the inner surface of the mandible. A strip of bone along 

the alveolar border is covered by the 
mucous membrane of the mouth, and the 
sublingual gland lies in contact with the 
bone anteriorly between this area and 
the mylohyoid line. The upper genial 
tvherdes give origin to the genioglossi 
and the lower to the geniohyoid muscles ; 
both tubercles are placed above the 
anterior ends of the mylohyoid lines. 
The svbmandibular fossa lodges some of 
the submandibular lymph glands in 
addition to the salivary gland, and the 
facial (external maxillary) artery may 
come into contact with this region as it 
descends to curl round the base of the 
mandible, where it sometimes produces a 
shallow groove. The digastric fossa gives origin to the anterior belly of the digastric and lies 
below the anterior end of the mylohyoid line. 

The ramus and its processes provide insertion for all the principal muscles of mastication. 
Its lateral surface gives insertion to the masseter muscle, except at its upper and posterior 
part, where it is covered by the parotid gland. 

TYie medial surface gives insertion to the medial pterygoid muscle at the roughened area 
which lies behind and below the mylohyoid groove. The mandibular foramen admits the 
inferior dental (inferior alveolar) nerve and vessels to the mandibular canal. Its medial 
border is formed by the Ungul^i, to which the lower end of the sphenomandibular ligament 
is attached. Posterior to the lingula the mylohyoid nerve and vessels enter the mylo- 
hyoid groove, which may be converted into a bony canal in a part of its extent. The groove 
reaches the body of the mandible below the posterior end of the mylohyoid line, and the 
nerve and vessels then pass on 
to the superficial aspect of the _ 

mylohyoid muscle. In front of 335.— The right half of the mandible of a human 

the mylohyoid groove and below embryo 24 mm. long. Medial aspect. (From a model 
the lingula the medial surface of ^ ' 

the ramus is related to the 
medial pterygoid muscle, but the 
lingual nerve intervenes between 
the muscle and the bone, as it 
runs downwards and forwards to 
reach the tongue The lowest 
fibres of insertion of the tem- 
poralis muscle descend beyond 
the coronoid process and are 
attached to the anterior border 
of the ramus and the adjoining 
part of the medial surface. The 
area above and behind the mandibular foramen is related to the maxillary (internal maxill- 
ary) artery and its inferior dental branch, and the part adjoining the mandibular notch is 
in relation with the lateral pterygoid muscle. The mandibular notch transmits the masseteric 
nerve and vessels from the infratemporal fossa. 

The coronoid process is covered on its lateral aspect by the anterior fibres of the masseter 
muscle as they pass downwards and backwards to be inserted into the ramus. Its apex, 
margins and medial surface receive the insertion of the temporalis muscle, which is con- 
tinued downwards along the anterior border of the ramus. If the finger is pressed into the 
yielding part of the cheek below the zygomatic bone, the anterior border of the coronoid 
process can be identified in the living subject when the mouth is opened. Owing to the way 
in which it is expanded, the condyloid process projects beyond the surfaces of the ramus, but 
more so on the medial than on the lateral side. The articular head of the mandible extends 
only for a short distance down the anterior surface of the process, but it covers the 
whole of its superior aspect and descends for 5 mm. or more on its posterior aspect. Its 
superior aspect slopes medially and slightly downwards and backwards. Its projecting 
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lateral part is separated from the cartilaginous part of the external auditory meatus by a 
portion of the parotid gland. The smooth lateral aspect of the neck of the mandible gives 
attachment to the temporomandibular ligament (fig. 504) and is covered by the parotid 
gland. The rough impression on the front of the neck receives the insertion of the lateral 
pterygoid muscle. The medial surface of the neck is related to the auriculotemporal nerve 
above and to the maxillary (internal maxillary) artery below. 

The relation of the parotid gland to the mandible requires special mention. It occupies 
the interval below the external auditory meatus, bounded in front by the posterior border 
of the ramus, behind by the mastoid process and medially by the styloid process ; but it 
extends forwards beyond this area and covers the lateral aspect of the temporomandibular 
joiat and the part of the lateral surface of the ramus behind the masseter muscle. In addi- 
tion it curls round the posterior border and comes into contact with the medial aspect of the 
ramus just above the insertion of the medial pterygoid muscle. 


Fig. 336. — The right half of the mandible of a hiaman embryo 95 mm. long. Lateral 
aspect. (The nuclei of cartilage are stippled.) (From a model by Low.) 


Mandibular nerve 



Fig. 337. — ^The right half of the mandible of a human embryo 95 mm. long. Medial 
aspect. (The nuclei of cartilage are stippled.) (From a model by Low.) 



Ossification. — The mandible is ossified in the fibrous membrane covering the 
outer surfaces of MeckeTs cartilages. This pair of cartilages form the cartilagin- 
ous bars, or skeletal elements of the man^bular arches (p. 99). Their dorsal 
or cranial ends are connected with the cartilaginous ear- capsules, and their, 
ventral ends are j oined to each other by mesenchymal tissue. They run forwards 
below the condyloid processes in the 95 mm. embryo and then, bending down- 
wards, lie in a groove near the lower border of the bone ; in front of the canine 
teeth they incline upwards to the symphysis menti. From the proximal end of 
each cartilage the malleus and incus — ^two of the three ossicles of the middle ear 
— are developed ; the next succeeding portion, as far as the hngula of the man- 
dible, disappears, but its sheath persists to form the sphenomandibular ligament. 
The part of the cartilage which stretches from the tooth-bud of the second 
milk molar to a point a Httle behind the anterior end of the mandible occupies, 
for a time, a tunnel in the bone, but is ultimately absorbed. The portion below 
the incisor teeth is ossified and incorporated with the mandible. 
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Ossification takes place in the membrane covering the outer surfaces of 
Meekers cartilages (figs. 334 to 337), and each half of the bone is formed from 
one centre,* which appears near the mental foramen about the sixth week of 
foetal life, i.e. just after the appearance of the primary centres for the clavicle 
(p. 340). By the tenth week the portion of Meckel’s cartilage which lies below 
the incisor teeth is surrounded and invaded by the membrane-bone. Some- 
what later, accessory pieces of cartilage make their appearance — ^viz. a wedge- 
shaped piece in the condyloid process and extending downwards through the 
ramus ; a small patch along the anterior border of the coronoid process ; and 
smaller nodules in the front part of both alveolar walls and along the front of 
the base of the bone. These accessory nodules of cartilage are invaded by the 
surrounding membrane-bone and undergo absorption. The inner alveolar 
border is formed iii the human mandible by an ingrowth from the main mass 
of the bone. 

A number of small ossicles, termed the ossicula mentalia, appear in the fibrous tissue of 
the symphysis about the seventh month of fcetal life. They enlarge and very soon fuse with 
one another and with the mandible in no fixed order. Usually two or four in number, they 
are responsible for the formation of the mental protuberance. Whether they ossify in the 
remains of the ventral ends of Meckel’s cartilages or in the fibrous tissue of the symphysis 
is uncertain. 


The Changes peodxjced in the Mandible by Age 

At birth (fig. 338 a, b) the body of the bone is a mere shell, enclosing the 
sockets of the deciduous teeth, imperfectly partitioned off from one another. 
The mandibular canal runs near the lower border of the bone, and the mental 
foramen opens below the socket of the first deciduous molar tooth. The angle 
is obtuse (175°), and the condyloid portion is nearly in line with the body. The 
coronoid process is relatively large and projects above the level of the condyle. 

After birth (fig. 338 o, d) the two halves of the bone become joined at the 
symphysis from below upwards, in the first year ; but a trace of separation 
may be visible in the beginning of the second year, near the alveolar margin. 
The body elongates, but more especially behind the mental foramen, to provide 
space for the three additional teeth developed in this part. The depth of the 
body increases by growth of the alveolar part of the bone, to afford room for the 
roots of the teeth, and by thickening of the subalveolar portion. After the second 
dentition the mandibular canal is situated a little above the level of the mylo- 
hyoid line, and the mental foramen occupies the positionmsual to it in the adult. 
By the fourth year the angle is reduced to about 140°. As the mandible increases 
in size, bone is laid down along the posterior borders of the ramus and the 
coronoid process, while at the same time absorption of bone is occurring along 
their anterior borders. This process of remodelling goes on continuously until 
the bone has reached its adult size, and it enables the alveolar part to lengthen 
sufficiently to provide the necessary space for the permanent molar teeth. 

In the adult (fig. 338 e) the alveolar and subalveolar portions of the body are 
of about equal depth. The mental foramen opens midway between the upper 
and lower borders of the bone, and the mandibular canal runs nearly parallel 
with the mylohyoid line. The ramus is almost vertical in direction, the angle 
measuring from 110° to 120°. 

In old age (fig. 338 e) the bone is reduced in size. EoUowing the loss of the 
teeth the alveolar part is absorbed, and consequently the mandibular canal 
and the mental foramen are close to the alveolar border. The ramus is oblique 
in direction, the angle measures about 140°, and the neck of the mandible is 
more or less bent backwards.f The process of absorption affects chiefly the 

* A. Low, P^OGeedings of the Anatomical and Anthropological Society of the University of 
Aberdeen, 1905, and Journal of Anatomy and Physiology, vol. xliv., and B. Fawcett, Journal 
of the American Medical Association, September 2, 1905. 

t For further information as to the growth of the jaws and face, consult : — 

1. ‘ The Growth of the Jaws and Face,’ by Keith and Campion, Dental Record, 1922. 

2. Lectures on The Growth and Diseases of the Jaws, etc., by Fawcett, Brash, Nortjicfoft 
and Keith. Published by the Dental Board of the United Kingdom, 1924. 

3. ‘ Facial Development,’ by Arthur Thomson, Dental Record, 1924. 
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f.iiiTinpr of tb.e two alveolar walls and, after its completion, a linear alveolar ridge 
is found on the alveolar border of the bone. In the mandible the labial wall m 
the thinner in the incisor and canine regions, but it is the lingual wall wMch is 
the weaker in the molar region. The alveolar ridge lies therefore within the 
line of the teeth in the incisor region but lies outside that Une in the molar region, 
forming a curve which is wider than the curve of the line of the teeth and inter- 
sects it on each side in the premolar region. In the maxiUa, however, the labial 
wall is ever3rwhere the thinner and, after absorption, the alveolar ridge lies 
whoUy within the curve of the line of the teeth. 


THE HYOID BONE [OS HYOIDEUM] 

The hyoid bone (fig. 339) is U-shaped and is suspended from the tips of 
the styloid processes of the temporal bones by the stylohyoid liginents. It has 
a body, two greater and two lesser cornua. 

The body or middle part of the hyoid bone is of a quadrilateral form. Its 
anterior surface is convex and directed forwards and upwards. Its upper part 
is CTOssed by a well-marked ridge which has a slight downward convexity, and in 


Fig. 339. — ^The hyoid bone. Antero- 
superior aspect. 


Fig. 340. — sketch of left half of the 
hyoid bone to show the muscular 
attachments. 
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many cases a vertical median ridge divides the body into lateral halves. The portion 
of the vertical ridge above the transverse line is present in the majority of specimens^ 
but that below the transverse line is rarely seen. The posterior surface is smooth, 
concave, directed backwards and downwards, and separated from the epiglottis 
by the thyrohyoid membrane and a quantity of loose areolar tissue i a bursa inter- 
venes between the bone and the membrane. In early life the lateral extremities of 
the body are connected to the greater cornua by primary cartilaginous joints, but 
after middle life they are usually united by bone. 

The greater cornua of the hyoid bone project backwards from the lateral 
limits of the body ; they are flattened from above downwards and diminish in size 
from before backwards. Each cornu ends posteriorly in a tubercle. Close to its 
lateral border the upper surface is rough for muscular attachments. 

The lesser cornua of the hyoid bone are two small, conical eminences attached 
by their bases at the angle of junction of the body and greater cornua. They are 
connected to the body of the bone by fibrous tissue and occasionally to the greater 
cornua by synovial joints, which usually persist throughout life, but occasionally 
become ankylosed. 

Particular features. — ^The anterior surface of the body gives insertion to the geniohyoid 
muscle in the greater part of its extent both above and below the transverse ridge ; a 
portion of the origin of the hyoglossus muscle invades the lateral margin of the geniohyoid 
area (fig. 340). The lower part of this surface gives insertion to the mylohyoid muscle, and 
below that to the sternohyoid medially and the omohyoid laterally. The superior border 
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of the body is rounded and gives attachment to the lowest fibres of the genioglossi, to the 
hyo-epiglottic ligament and to the thyrohyoid membrane. The inferior border gives in- 
sertion to the sternohyoid medially and the omohyoid laterally, and sometimes to the medial 
fibres of the thyrohyoid muscle. It gives attachment also to the levator glandulse thyreoidese, 
when that muscle is present. 

The upper surface of the greater cornu gives origin to the middle constrictor of the 
pharynx and, more laterally, to the hyoglossus muscle, both of which extend throughout 
its whole length. Near the junction of the cornu with the body the stylohyoid muscle is 
inserted lateral to the hyoglossus muscle, and a little posterior to this insertion the fibrous 
loop through which the tendon of the digastric muscle runs is attached to the bone. 
The medial border gives attachment to the thyrohyoid membrane ; the lateral border 
receives, anteriorly, the insertion of the thyrohyoid muscle. The inferior surface, 
which is oblique, is separated from the thyrohyoid membrane by some fibro-areolar 
tissue. 

The posterior and lateral aspects of the lesser cornu give origin to fibres of the middle 
constrictor muscle of the pharynx. Its apex gives attachment to the stylohyoid ligament, 
which is often ossified in part. The medial aspect of its base gives origin to the chondro- 
glossus muscle. 

OssiriCATiON. — The hyoid bone is developed from the cartilages of the second and third 
branchial or visceral arches — the lesser cornua from the second, the greater cornua from the 
third, and the body from the fused ventral ends of both (p. 99). It is ossified from six centres : 
a pair for the body, and one for each cornu. Ossification commences in the greater cornua 
towards the end of intrauterine life, in the body before or shortly after birth, and in the 
lesser cornua during the first or second year, or later. 


THE CRANIAL BONES [OSSA CRANII] 

The OcciPiTAii Bone [Os Occipitale] 

The occipital bone (figs. 341-343), situated at the posterior and inferior part of the 
cranium, is trapezoid in shape and concave forwards. It encloses a large oval aper- 
ture, termed the foramen magnum, through which the cranial cavity communicates 
with the vertebral canal. The expanded plate above and behind this foramen is named 
the squarmus part ; the thick, somewhat quadrilateral piece in front of it is called 
the basilar part ; that on each side of the foramen is named the condylar part (lateral 
portion). 

The squamous part of the occipital bone, situated above and behind the foramen magnum, 
is curved from above downwarck and from side to side. 

The external surface is convex and presents, midway between the summit of the bone and 
the foramen magnum, a prominence termed the external occipital protuberance. Extending 
laterally from this on each side are two curved lines, one a little above the other. The upper 
line, faintly marked and often absent, is named the highest nuchal line, and to it the epi- 
cranial aponeurosis (galea aponeurotica) is attached. The lower line is termed the superior 
nuchal line. The part of the external surface above the highest nuchal lines is smooth, 
and covered with the occipital belly of the occipitofrontahs muscle. The part below 
the highest nuchal lines is rough and irregular for the attachment of several muscles. 
From the external occipital protuberance a ridge, termed the external occipital crest, often 
faintly marked, descends to the foramen magnum, and affords attachment to the ligamentum 
nuchae ; running laterally from the middle of this line on each side is the inferior nuchal 
line. The superior nuchal line gives origin to the occipitalis and trapezius^ and insertion 
to the stemomastoid and splenius capitis (fig. 342) ; into the surface between the superior 
and inferior nuchal lines the semispinalis capitis and the obliquus capitis superior are 
inserted ; the inferior nuchal line and the area below it receive the insertions of the rectus 
capitis posterior major and minor muscles. The posterior atlanto-occipital membrane is 
attached around the posterolateral part of the foramen magnum, immediately outside the 
margin of the foramen. 

The internal surface of the squamous part is deeply concave, and is divided into four 
fossae by an irregular elevation, termed the internal occipital protuberance. The upper 
two fossae are triangular, and lodge the posterior ends of the occipital lobes of the cere- 
brum ; the lower two are quadrilateral and support the hemispheres of the cerebellum. 
A wide groove, with raised edges, extends upwards from the protuberance to the superior 
angle of the bone ; it lodges the hinder part of the superior sagittal sinus and is termed the 
sagittal sulcus; to the margins of this sulcus the posterior part of the falx cerebri is attached. 
A prominent ridge, named the internal occipital crest, runs downwards and forwards from the 
protuberance ; it gives attachment to the falx cerebelli, and bifurcates near the foramen 
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magnum ; the occipital sinus, which is sometimes duplicated, lies in the attached margin of 
the falx. At the lower part of the internal occipital crest a small depression is sometimes 
distinguishable ; it is termed the vermian fossa, since it is occupied by part of the inferior 
vermis of the cerebellum. On each side a wide transverse sulcus extends laterally from the 
internal occipital protuberance ; these sulci accommodate the transverse sinuses, and their 
margins give attachment to the tentorium cerebelli. The right transverse sulcus is usually 
larger than the left and is continuous with the sagittal sulcus ; but the left may be larger 
than the right, or the two may be almost equal in size. The angle of union of the superior 
sagittal and transverse sinuses is named the confluence of the sinuses, and its position is 
indicated by a depression on one or other side of the protuberance. 


Fig. 341. — The occipital bone. Posterior aspect. 

The posterior condylar canal was present on the left side only in this specimen. 



The superior angle of the squamous part articulates with the posterior superior angles 
of the parietal bones, and corresponds in position with the posterior fontanelle [occipital 
fonticulus) of the foetal skull. The lateral angles are at the ends of the transverse sulci ; 
each is received into the interval between the parietal bone and the mastoid part of the 
temporal bone. The hmbdoid or superior borders extend from the superior to the lateral 
angles ; they are serrated for articulation with the occipital borders of the parietal bones, 
and by this union form the lambdoid suture. The mastoid or inferior borders extend from 
the lateral angles to the jugular processes ; each articulates with the mastoid portion of the 
corresponding temporal bone. 

The basilar part of the occipital bone extends forwards and upwards from the foramen 
magnum, and presents infrorU a more or less quadrilateral surface. In the young skull this 
surface is rough and uneven and is joined to the body of the sphenoid bone by a plate of 
cartilage. By the twenty-fifth year this plate of cartilage has undergone ossification and the 
occipital and sphenoid bones are fused. 

On the inferior surface of the basilar part, about 1 cm. in front of the foramen magnum, 
small elevation, termed the pharyngeal tubercle, gives attachment to the fibrous raphe 
of the pharynx. The longus capitis is inserted into the bone lateral to the pharyngeal 
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tubercle, and the rectus capitis anterior into a small depression in front of the occipital 
condyle. The anterior margin of the foramen magnum gives attachment to the anterior 
atlanto-occipital membrane. 

The superior surface of the basilar part consists of a broad, shallow groove which inclines 
upwards and forwards from the anterior border of the foramen magnum ; it supports the 
medulla oblongata and the lower part of the pons, and near the margin of the foramen gives 
attachment to the membrana tectoria and the apical ligament. On the lateral margins of 
this surface the inferior petrosal sulci are occupied by the inferior petrosal sinuses, and below 
each of these sulci the lateral margin of the basilar part is rough for articulation with the 
petrous part of the temporal bone. 


Fig. 342. — ^The occipital bone. Inferior aspect. 
Drawn from the same specimen as fig. 341. 
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The condylar parts (lateral parts) of the occipital bone are situated at the sides of the 
foramen magnum ; on their inferior surfaces the occipital condyles form two oval processes 
for articulation with the superior facets of the atlas vertebra. They are oval or reniform 
in shape, with their long axes running forwards and medially, so that their anterior ends 
are closer together than their posterior and encroach on the basilar portion of the bone ; 
the posterior ends extend back to the level of the middle of the foramen magnum. The 
articular surfaces of the condyles are convex from before backwards and from side to 
side ; they look downwards and laterally, and are occasionally constricted near their 
centres. On the medial side of each a rough impression or tubercle gives attachment to 
the alar ligament. Above the anterior part of each condyle the hone presents the anterior 
condylar (hypoglossal) canal, which begius on the cranial surface of the bone a short distance 
above the anterior part of the foramen magnum, and is directed laterally and forwards. It 
may be partially or completely divided into two by a spicule of bone ; it gives exit to the 
hypoglossal nerve, and entrance to a meningeal branch of the ascending pharyngeal artery. 
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A depression, termed the condylar fossa, lies behind the condyle and receives the posterior 
margin of the corresponding superior facet of the atlas when the head is bent backwards ; the 
floor of this fossa is sometimes perforated by the posterior condyldr canal, through which an 
emissary vein passes from the sigmoid sinus. The jugular process extends laterally from 
the posterior half of the condyle. It is a quadrilateral plate of bone, indented in front by the 
jugular notch, which, in the articulated skuU, forms the posterior part of the jugular foramen. 
The jugular notch is sometimes divided into two by a bony spicule named the intrajugular 
process, which projects forwards and laterally. The under surface of the jugular process is 
rough and gives attachment to the rectus capitis lateralis ; from this surface an eminence, 
termed the paramastoid process, sometimes projects downwards, and may be of sufficient 
length to articulate with the transverse process of the atlas. Laterally the jugular process 


Fia. 343. — The occipital bone. Internal aspect. 
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presents a rough quadrilateral or triangular area which is joined to the jugular surface of 
the temporal bone by a plate of cartilage ; after the age of twenty-five this plate tends to 
ossify. 

On the superior surface of the condylar part an oval eminence, termed the tuberculum 
jugulare, overlies the anterior condylar canal ; its posterior part often presents a shallow 
furrow for the glossopharyngeal, vagus, and accessory nerves. On the superior surface of 
the jugular process a deep groove curves medially and forwards around an upwardly 
directed, hook-shaped process and ends at the jugular notch ; it lodges the terminal part of 
the sigmoid sinus. Close to the medial margin of the groove the posterior condylar canal 
opens into the posterior cranial fossa. 

The foramen magnum is a large oval aperture with its long diameter in the median 
plane. The foramen is wider behind than in front, where it is encroached upon by the occip- 
ital condyles. The structures which it transmits are enumerated on p. 263. 

Structure. — ^The occipital, like the other cranial bones, consists of two compact lamellse, 
called the outer and inner tables, between which there is spongy substance or diploe ; the bone 
is thick at the ridges, protuberances and condyles, and at the anterior portion of the basilar 
part ; in the lower parts of the inferior fossae it is thin, semitransparent, and devoid of 
diploe. 
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Ossification (fig. 344). — ^Above the highest nuchal line the squamous part is developed 
in membrane, and is ossified from two centres, one appearing on each side of the median 
plane about the second month of intra- 


Fig. 344.- 


-The occipital bone at birth. 
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Union of the upper and lower portions of 
the squamous part takes place in the third 
month of intrauterine life, but their line of 
union can be recognised in the bone at 
birth (fig. 344). An occasional centre ap- 
pears in the posterior margin of the fora- 
men magnum about the sixteenth week 
(Kerckring) ; it unites with the rest of the 
squamous part before birth. Each of 
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bone consists of a single piece. Between the eighteenth and twenty-fifth years the 
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The Sphenoid Bone [Os Sphenoidbttm] 

The sphenoid bone (figs. 345 to 347) is situated at the base of the skull, in front of the 
temporal bones and the basilar part of the occipital bone. In shape it resembles a bat with 
wings outstretched, and consists of a central portion or body, two greater and two lesser 
wings, which pass laterally from the sides of the body, and two pterygoid processes, which 
are directed downwards from the adjoining parts of the body and greater wings. 


Fig. 345. — The sphenoid bone. Superior surface. 
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The body of the sphenoid bone is more or less cubical in shape ; it contains two large air- 
sinuses, which are separated from each other by a septum. 

The cerebral or superior surface of the body (fig. 345) articulates m front with the cribri- 
form plate of the ethmoid bone. Anteriorly the surface is smooth and is termed the jugum 
sphenoidale ; it supports the posterior ends of the gyri recti and the olfactory tracts. It 
is bounded behind by a ridge, which forms the anterior border of a transverse groove, termed 
the optic groove (sulcus chiasmatis) ; this sulcus leads laterally to the optic foramen on each 
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side* Posterior to the groove there is a more or less oval elevation, termed the tyhetcvluvn, 
sdloe ; and behind this a deep depression, termed the sella turcica, the deepest part of which 
lodges the hypophysis cerebri and is known as the hypophyseal fossa. The anterior bounclary 
of the sella turcica is completed laterally by two small eminences, called the middle clinoid 
processes, whilst the posterior boundary is formed by a square plate of bone, termed the 
dorsum, sellce ; the superior angles of this plate end in two tubercles, termed the posterior 
clinoid processes, which vary considerably in form and size and give attachment to the 
fixed margin of the tentorium cerebelli. On each side of the body below the dorsum 
seUse a small projection axticulates with the apex of the petrous portion of the temporal 
bone and is termed the petrosal process. The sloping area behind the dorsum sellse is 
termed the clivus, and is uninterruptedly continuous with the superior surface of the basilar 
portion of the occipital bone in the adrdt skull ; it supports the upper part of the pons. 

The lateral surfaces of the body are united with the greater wings and with the medial 
pterygoid plates. Above the attachment of each wing a broad groove, termed the carotid 
sulcus, forms a curve somewhat like the italic letter f ; it lodges the internal carotid artery 
and the cavernous sinus. The carotid sulcus is deepest at its posterior end, where it is over- 
hung medially by the petrosal process, and is limited laterally by a sharp margin called the 
lingula ; the latter is continued backwards to overlie the posterior opening of the pterygoid 
canal. 


Fig. 346- — ^The sphenoid bone. Posterior aspect. 
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The posterior surface of the body, quadrilateral in form (fig. 346), is joined, during 
infancy and adolescence, to the front of the basilar part of the occipital bone by a plate of 
cartilage which ossifies between the eighteenth and twenty-fifth years. 

The anterior surface of the body (fig. 347) presents, in the median plane, a triangular 
crest, which forms a small part of the septum of the nose and is termed the sphenoidal crest. 
The anterior border of thia crest articulates with the perpendicular plate of the ethmoid 
bone. On either side of the crest a rounded opening leads into the corresponding sphenoidal 
sinus. The sphenoidal sinuses are two large, irregular cavities in the body of the. bone, 
separated from each other by a bony septum which is commonly bept to one side or the 
other. They vary considerably in form and size,* are seldom symmetrical, and are often 
partially subdivided by bony laminae. A lateral recess may extend from one or other sinus 
into the greater wing and lingula f; the sinuses occasionally reach into the basilar part 
of the occipital bone nearly as far as the foramen magnum. In the articulated skull 
they are closed in front and below by the sphenoidal conchce (p. 293), but a round opening is 

* Logan Turner [The Accessory Sinuses of the Nose, 1901) gives the following measure- 
ments for an adult sphenoidal sinus of average size : height, 2 cm, ; breadth, 1*8 cm. ; 
anteroposterior depth, 2-1 cm. Onodi {Ths Accessory Sinuses of the Nose in Children, 1911) 
states that in the new-born infant their height is 4 mm. and their width 2 mm., while at the 
eighth year of life their height is from 8 to 12 mm., and their width 11 mm. 

t V. Z. Cope {Journal of Anatomy and Physiology, vol. li. part ii.) found a well-marked 
lateral recess in 72 out of 292 sinuses examined, and pointed out that the hypophysis cerebri, 
the anterior part of the internal carotid artery, the optic and maxillary nerves, and the nerve 
of the pterygoid canal may give rise to elevations in the walls of the sinuses. 



291 


THE SPHENOID BONE 

left in the anterior wall of each sinus, by which it communicates with the spheno-ethmoidal 
recess of the nasal cavity, and occasionally with the posterior ethmoidal sinuses. Each half 
of the anterior surface of the body of the sphenoid bone consists of two parts : (a) an 
upper and lateral depressed area, which completes, with the labyrinth of the ethmoid bone, 
the posterior ethmoidal sinuses ; its lateral margin articulates with the orbital plate 
(lamina papyracea) of the ethmoid bone above, and with the orbital process of the 
palatine bone below ; (b) a lower and medial, smooth, triangular area, which forms the 
posterior part of the roof of the nose ; near its superior angle is the orifice of the sphenoidal 
sinus. 

The inferior surface of the body presents in the median plane a triangular spine, 
termed the sphenoidal rostrum (fig. 346), which, in the articulated skull, projects into a deep 
fissure between the anterior parts of the alae of the vomer. The posterior, triangular parts 
of the sphenoidal conchas extend backwards on the sides of the rostrum, and articulate 
with the alae of the vomer. On each side of the posterior part of the rostrum, and im- 
mediately behind the apex of the sphenoidal concha, a thin lamina, named the vagirml 
process, projects medially from the base of the medial pterygoid plate, with which it will 
be described. 

The greater wings of the sphenoid bone are two strong processes which curve upwards 
and laterally from the sides of the body. The posterior part of each is triangular and fits 
into the angle between the petrous portion of the temporal bone and the squamous part ; 
a small, sometimes pointed, process named the spine projects downwards from the apex of 
this triangular portion ; on its medial side there is usually a small groove, directed down- 
wards and forwards, for the chorda tympani nerve. The tip of the spine gives attachment 
to the sphenomandibular ligament, and a part of the tensor palati muscle. The medial 
side of the spine forins part of the lateral wall of the groove which lodges the pharyngo- 
t3nnpanio (auditory) tube on the external surface of the base of the skull. 

The cerebral surface of the greater wing (fig. 345) forms part of the floor of the middle 
fossa of the skull; it is deeply concave and presents depressions corresponding with 
the convolutions of the anterior part of the temporal lobe of the brain. At its antero- 
medial part the foramen rotundum gives passage to the maxillary nerve. Behind and lateral 
to this foramen the foramen ovale transmits the mandibular nerve., the accessory meningeal 
artery, and sometimes. the lesser superficial petrosal nerve.* Medial to the foramen ovale, 
a small aperture, termed the emissary sphenoidal foramen {foramen VesalU) is present on one 
or both sides in nearly 40 per cent, of skulls ; it opens below at the lateral side of the scaphoid 
fossa and transmits a small vein from the cavernous sinus. In the posterior angle, antero- 
medial to the spine, there is a short canal, termed the foramen spinosum, which transmits 
the middle meningeal artery and the nervus spinosus. 

The lateral surface of the greater wing (fig. 317) is convex from above downwards, and is 
divided by a transverse ridge, termed the infratemporal crest, into an upper or temporal and 
a lower or infratemporal surface. The temporal surface, concave from before backwards, 
forms a portion of the temporal fossa and gives origin to a part of the temporalis muscle. 
The infratemporal surface is concave and directed downwards ; it forms a part of the infra- 
temporal fossa and, together vTith the infratemporal crest, gives origin to the upper head of 
the lateral pterygoid muscle. It is pierced by the foramen ovale and foramen spinosum, 
and its posterior part bears the spine of the sphenoid bone. Medial to the anterior extre- 
mity of the infratemporal crest a triangular process serves to increase the attachment 
of the lateral pterygoid muscle. A ridge runs downwards and medially from this triangular 
process to the front of the lateral pterygoid plate ; it forms the anterior limit of the infra- 
temporal surface and, in the articulated skuU, the posterior boundary of the pterygomaxil- 
lary fissure. « 

The orbital surface of the greater wing (fig. 347), quadrilateral in shape, is directed for- 
wards and medially and forms the posterior part of the lateral waU of the orbit. Its upper, 
serrated edge articulates with the orbital plate of the frontal bone ; its lateral, serrated 
margin with the* zygomatic bone. Its inferior smooth border forms the posterolateral 
boundary of the inferior orbital fissure. Its medial sharp margin constitutes the lower 
boundary of the superior orbital fissure ; projecting from near the middle of this margin 
there is a small tubercle. This tubercle gives attachment to part of the annulus tendineus 
communis, from which the rectus muscles of the eyeball take origin. Below the medial end 
of the superior orbital fissure there is a grooved area which forms the posterior wall of the 
pterygopalatine fossa and is pierced by the foramen rotundum. 

The margin of the greater wing (fig. 345). — ^The portion of the margin of the greater wing 
which extends from the body to the spine of the sphenoid is irregular. Its medial half forms 
the anterior boundary of the foramen Imerum and presents the posterior aperture of the 
pterygoid canal for the passage of the corresponding nerve and artery. Its lateral haM 
articifiates, by means of a cartilaginous joint, with the petrous portion of the temporal bone. 
Between the two bones, on the under surface of the skull, there is a furrow, named the 

* The lesser superficial petrosal nerve may pass through a special canal {caiMdiculus 
inrwmmatus) on the medial side of the foramen spinosum. 
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sulms tubce, which lodges the cartilaginous part of the pharyngotympanic (auditory) tube. 
Extending forwards from the sphenoidal spine the squamosal margin forms a concave, 
serrated edge, bevelled at the expense of the inner surface below and of the outer surface 
.above, for articulation with the squamous part of the temporal bone. The tip of the greater 
wing is bevelled at the expense of the inner surface and articulates with the anterior inferior 
angle of the parietal bone at the pterion. Medial to this there is a triangular rough area, for 
articulation with the frontal bone ; the medial angle of this area is continuous with the 
sharp edge which forms the lower boundary of the superior orbital fissure, and the anterior 
angle with the serrated margin for articulation with the zygomatic bone. 

The lesser wings of the sphenoid bone are two triangular plates which project laterally 
from the upper and anterior parts of 'the body and end in sharp points (figs. 345, 346). 
The cerebral surface of each is smooth, and supports a small part of the frontal lobe of the 
brain. The inferior surface forms the posterior part of the roof of the orbit and the upper 
boundary of the superior orbital fissure ; it overhangs the anterior part of the middle fossa 
of the skull. The superior orbital fissure is triangular in shape and leads from the cranial 
cavity into the orbit ; it is bounded medially by the body of the sphenoid bone ; above, 
by the lesser wing ; below, by the medial margin of the orbital surface of the greater 


Fig. 347. — ^The sphenoid bone of an eight years old child. Anterior aspect. 
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The sphenoidal conchae are well shown, and the part which they play in the formation of the 
sphenoidal crest can readily be observed. 


wing ; and is completed laterally, between the greater and lesser wings, by the frontal bone. 
It transmits to the orbit the oculomotor, trochlear and abducent nerves, the three branches 
of the ophthalmic division of the trigeminal nerve, the orbital branch of the middle menin- 
geal artery, and some filaments from the cavernous plexus of the sympathetic; and 
from the orbit the recurrent meningeal branch of the lacrimal artery, and the ophthalmic 
veins. The anterior border of the lesser wing is serrated for articulation with the posterior 
edge of the orbital plate of the frontal bone. The posterior border is smooth and pro- 
jects into the lateral cerebral fissure ; the medial end of this border forms the anterior 
climid process, which gives attachment to the anterior end of the free border of the ten- 
torium cerebeUi. The anterior and middle clinoid processes are sometimes united by a 
spicule of bone, and when this occurs the end of the groove for the internal carotid artery 
is converted into a foramen (caroticoclinoid foramm). The lesser wing is connected to the 
body by two roots, the anterior thin and flat, the posterior thick and triangular ; the optic 
foramen, which lies between them, transmits the optic nerve and ophthalmic artery to the 
orbit. 

The pterygoid processes of the sphenoid (figs. 346, 347), one on each side, descend per- 
pendicularly from the regions where the greater wings unite with the body. Each process 
consists of a medial and a lateral plate, the upper parts of which are fused anteriorly. 
The plates are separated below by an angular cleft, termed the pterygoid fissure, the rough 
margins of which articulate with the tubercle (pyramidal process) of the palatine bone. 
The two plates diverge behind, and the wedge-shaped pterygoid fossa between them contains 
the medial' pterygoid and tensor palati muscles. Above this fossa there is a small, oval, 
shallow depression, named the scaphoid fossa, which is formed by the division of the upper 
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part of the posterior border of the medial pterygoid plate ; it gives origin to part of the 
tensor palati muscle. The anterior surface of the pterygoid process is broad and triangular 
near its root, where it forms the posterior wall of the pterygopalatine fossa ; it is pierced 
by the anterior orifice of the pterygoid canal. 

The lateral pterygoid plate is broad, thin, and everted ; its lateral surface forms part of 
the medial wall of the infratemporal fossa and gives origin to the lower head of the lateral 
pterygoid ; its medial surface forms the lateral wall of the pterygoid fossa and gives origin 
to the greater part of the medial pterygoid muscle. The upper part of the anterior border 
forms the posterior boundary of the pteiygomaxillary fissure ; the lower part articulates 
with the palatine bone ; its posterior border is free. 

The medial pterygoid plate is narrower and longer than the lateral ; its lower extremity 
curves laterally into a hook-like process, termed the pterygoid hamulus^ around which the 
tendon of the tensor palati glides, and to which the pterygomandibular ligament is attached. 
The lateral surface of this plate forms the medial wall of the pterj^oid fossa, and the tensor 
palati hes against it ; the medial surface constitutes the lateral boundary of the correspond- 
ing posterior nasal aperture. Superiorly the medial pterygoid plate is prolonged on 
to the xmder surface of the body as a thin lamina, named the vaginal process^ which artic- 
ulates anteriorly with the sphenoidal process of the palatine bone and medially with 
the ala of the vomer. On its under surface there is a furrow, the anterior part of which is 
converted into a canal by the sphenoidal process of the palatine bone ; this canal is named 
the palatinovaginal banal, and transmits the pharyngeal branch of the maxillary (internal 
maxillary) artery and the pharyngeal nerve from the sphenopalatine ganglion. The 
posterior margin of the medial pterygoid plate gives attachment in its entice length to the 
pharyngobasilar fascia, and from the lower end of this margin the superior constrictor muscle 
of the pharynx takes origin. The upper end of this margin is marked by a small projection 
named the pterygoid tubercle, which lies immediately below the posterior opening of the 
pterygoid canal. Projecting backwards jfrom near the middle of the margin is an angular 
process, sometimes termed the processus tubarius, which supports the phar3mgeal end of the 
pharyngotympanic (auditory) tube. The anterior margin of the medial pterygoid plate 
articulates with the posterior border of the perpendicular plate of the palatine bone. 

The sphenoidal conchae (fig. 347) are two thin, curved plates, situated at the anterior 
and lower parts of the body of the sphenoid bone ; the upper, concave surface of each forms 
the anterior wall and a part of the floor of the corresponding sphenoidal sinus. The sphen- 
oidal conchse are usually more or less destroyed in the process of disarticulating the skull, 
but, when seen in situ, each consists of an anterior, vertical, quadrilateral part and a 
posterior, horizontal, triangular part. The anterior, vertical portion consists of (a) an upper 
and lateral depressed area, which completes the posterior ethmoidal sinuses and articulates 
below with the orbital process of the palatine bone ; and (b) a lower and medial area, smooth 
and triangular, which forms part of the roof of the nasal cavity, and is perforated near its 
superior angle by a round opening through which the sphenoidal sinus communicates with 
the spheno-ethmoidal recess of the nasal cavity. The anterior vertical portions of the two 
bones meet in the median plane and are protruded forwards as the sphenoidal crest. The 
horizontal triangular portion of the concha forms a part of the roof of the nasal cavity and 
completes the sphenopalatine foramen ; its medial margin articulates with the rostrum of 
the sphenoid and with the ala of the vomer ; its apex, directed backwards, lies medial to 
and above the vaginal process of the medial pterygoid plate, and articulates with the 
posterior part of the ala of the vomer. A small piece of the sphenoidal concha sometimes 
appears in the medial wall of the orbit, betweeen the orbital plate of the ethmoid in front, 
the orbital process of the palatine bone below, and the frontal bone above. 

Ossification. — ^Until the seventh or eighth month of intrauterine life the body of the 
sphenoid consists of two parts — ^viz. one in front of the tuberculum sellae, forming the prc- 
sphenoidal part, with which the lesser wings are continuous; the other comprising the 
sella turcica and dorsum sellse, forming tlae postspTiervoidal part, with which the greater wings 
and pterygoid processes are associated. A considerable part of the bone is preformed in 
cartilage. There are six centres for the presphenoidal and eight for the postsphenoidal part. 

Presphenoidal part, — ^About the ninth week a centre of ossification appears for each 
of the lesser wings, just lateral to the optic foramen; shortly afterwards two centres 
appear in the presphenoidal part of the body. The sphenoidal conchae are each developed 
from a centre which makes its appearance about the fifth month * ; at birth, they consist 
of small triangular laminae ; about the third year they become hollowed out and cone- 
shaped ; about the fourth year they fuse with the labyrinths of the ethmoid, and between 
the ninth and twelfth years with the sphenoid bone. 

Postsphenoidal part, — ^The first centres of ossification are those for the greater wings. 
About the eighth week one appears below the foramen rotundum in the cartilage which 
forms the base of each wing. This centre forms only the root of the greater wing in the 
neighbourhod of the foramen rotundum and the pterygoid canal. The whole of the rest 
of the greater wing is ossified in membrane and the process extends downwards into the 

* According to Cleland, each sphenoidal concha is ossified from four centres. 
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lateral pterygoid plate (Eawcett). About the fourth month, two centres appear in the post- 
sphenoidal part of the body, one on each side of the sella turcica, and fuse about the middle 
of intrauterine life. Each medial pterygoid plate (with the exception of its hamulus) is 
ossified in membrane, and its centre probably appears about the ninth or tenth week ; the 
hamulus is chondrified during the third month and almost at once begins to ossify.* The 
medial and lateral pterygoid plates join about the sixth month. About the fourth month 
a centre appears for each Imgula and speedily joins the rest of the bone. 

The presphenoidal and the postsphenoidal parts of the body fuse about the eighth month 
of intrauterine life, but a wedge-shaped piece of cartilage persists for some time after birth 

in the lower part of the line of 


Fig. 348. — The sphenoid bone at birth. Posterior 
aspect. 



fusion. At birth the bone is in 
three pieces (fig. 348) : a central, 
consisting of the body and lesser 
wings, and two lateral, each 
comprising a greater wing and 
pterygoid process. In the first 
year after birth the greater wings 
and body unite around the mar- 
gins of the pterygoid canal, and 
the lesser wings extend medially 
above the anterior part of the 
body and meet to form an 
elevated smooth surface, termed 


the jugum sphenoidale. By the 
twenty-fifth year the sphenoid and occipital bones are completely fused. In the anterior 
part of the hypophyseal fossa there are occasionally seen the remains of the cranio- 
pharyngeal canal, through which, in the embiyo, the hypophyseal diverticulum of the 
buccal ectoderm is transmitted (p. 166). 

Traces of the sphenoidal sinuses are seen as early as the third month of intrauterine life, 
but they do not attain their full size until after puberty. Although they are usually 
restricted to the presphenoidal and postsphenoidal parts of the body, the sinuses may 
invade any part of the bone which is preformed in cartilage. 

Certain parts of the sphenoid bone are connected by ligaments which occasionally 
ossify. The more important of these ligaments are : the pterygospinous, stretching between 
the spine of the sphenoid and the upper part of the lateral pterygoid plate (see cervical fascia ) ; 
the interclinoid, joining the anterior to the posterior clinoid process ; and the caroticocUnoid, 
connecting the anterior to the middle clinoid process. 


Applied Anatomy . — Premature ossification or synostosis of the suture between the pre- 
and postsphenoidal parts (which normally begin to join at the eighth month) and of the 
sphenobasilar suture produces a characteristic physiognomy. This is best seen in profile, 
and consists in an abnormal depression of the bridge of the nose ; it is a feature often 
observed in dwarfs. 


The Temporal Bokbs (Ossa Temporalia) 

The temporal bones are situated at the sides and base of the skull. Each consists of 
five parts, viz. the squamous, mastoid, petrous, and tympanic parts, and the styloid process. 
These represent four morphologically distinct elements which have become fused with 
one another. The squamous part is a dermal bone, developed to assist in the protection 
of the cerebrum. The petromastoid portion is preformed in cartilage as a protecting 
capsule for the membranous labyrinth. The tympanic part, formed in membrane, is 
homologous with the angular bone, which constitutes a part of the composite lower jaw 
of many reptilians and bony fishes ; it has become incorporated in the skull and adapted to 
play a part in the provision of a satisfactory mechanism for the transmission of sound-waves 
in an air medium. The styloid process represents the dorsal end of the skeletal element of 
the hyoid arch. The fusion of these distinct elements to form the temporal bone and the 
inclusion of the tympanic cavity within the bone during the process have been dealt with 
on p. 130. 

The squamous part of the temporal bone forms the anterior and upper part of the bone, 
and is scale-like, thin and translucent. Its temporal surface (fig. 349) is smooth and 
slightly convex ; it forms part of the temporal fossa and gives origin to the temporal 
muscle ; above the opening of the external auditory meatus it is marked by a vertical 
groove for the middle temporal artery. A curved line, termed the supramastoid crest, 
courses backwards and upwards across its posterior part ; it serves for the attachment of 
the temporal fascia and limits the origin of the temporal muscle. The boundary between 
the squamous and mastoid portions of the bone lies about 1 *5 cm, below the supramastoid 
crest and is frequently indicated by traces of the original squamomastoid suture ; the 
external surface of this lower part is convex, and from its anterior part the auricularis 

* E. Fawcett, Anatomischer Anzeiger, March 1905. 
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posterior takes origin. Between the anterior end of the supramastoid crest and the postero- 
superior sector of the opening of the external auditory meatus there is a depression, termed 
the swprammtal triangle ; this triangle is an important landmark for the tympanic antrum, 
which lies medial to it, at a depth of about 1*25 cm. The anterior part of the depression is 
usually marked by a small projection, termed the swprameatal spine, 

A long, arched process, termed the zygormtic process, or zygoma, projects forwards from 
the lower portion of the temporal surface. The posterior part of this process is triangular in 
shape and springs from a broad base ; it is directed laterally, and its surfaces are superior 
and inferior. The process is then twisted forwards and medially, and the surfaces of its 
anterior portion are therefore medial and lateral. The superior surface of the posterior 
part is concave, and continuous with the temporal surface of the squamous part ; the inferior 
surface is bounded by two roots, a posterior and an anterior, which converge as they ap- 
proach the anterior part of the process. At the meeting point of the two roots the tubercle 
of the root of the zygoma gives attachment to the temporomandibular ligament. The 


Fig. 349. — The left temporal bone. Externa aspect. 



posterior root is prolonged forwards from the surface of the squamous part immediately 
above the opening of the external auditory meatus ; its upper border is continuous behind 
with the supramastoid crest. The anterior root juts almost horizontally from the side of the 
squamous part ; its inferior surface, convex from before backwards, is smooth for articu- 
lation with the articular disc of the mandibular joint, and the whole root presents the form 
of a short semicylindrical bar, named the articular eminence (tuberculum articulare). The 
articular eminence forms the anterior boundary of the articular (mandibular) fossa. Very 
rarely the squamous part is perforated just above the posterior root of the zygoma. When 
present, this squamosal foramen transmits the petrosquamous sinus (p. 817). 

The anterior part of the zygomatic process is thin and flat. The superior border, long 
and thin, gives attachment to the temporal fascia ; the inferior, short and arched, gives 
origin to some fibres of the masseter muscle . The lateral surface is convex and subcutaneous ; 
the medial is concave and gives origin to part of the masseter. The anterior end is deeply 
serrated and cut obliquely at the expense of the lower border ; it articulates with the tem- 
poral process of the zygomatic bone. In front of the articular eminence a small triangular 
area forms a part of the roof of the infratemporal fossa and is separated from the temporal 
surface of the squamous part by a ridge ; this ridge is continuous behind with the anterior 
root of the zygomatic process, and in front, in the articulated skuU, with the infratemporal 
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crest on the greater, wing of the sphenoid bone. The articular fossa (mandibular fossa) is 
bounded in front by the articular eminence ; it consists of an anterior, articular portion, 
formed by the squamous part of the temporal bone, and a posterior, non-articular portion, 
formed by the tympanic part. The articular portion, smooth, oval and deeply concave, 
articulates with the articular disc of the mandibular joint ; the non-articular portion some- 
times lodges a small part of the parotid gland. A small, conical eminence, termed the 
postglenoid tuberchf separates the lateral part of the articular portion from the anterior 
margin of the tympanic part of the bone, and is the representative of a prominent tubercle 
which, in some mammals, descends behind the condyle of the mandible and prevents its 
backward displacement ; the postglenoid tubercle is sometimes described as the third root 
of the zygomatic process. The medial part of the articular portion of the fossa is separated 
from the tympanic part of the bone by the squumotympanic fissurCf into which projects 
the lower edge of the downturned anterolateral part of the tegmen tympani of the petrous 
part of the bone ; the petrotympanic fissure is situated between this plate and the tympanic 


Fig. 350. — The left temporal bone. Internal surface. 
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part. This fissure leads into the middle ear or tympanic cavity ; it lodges the anterior 
ligament of the malleus and transmits the anterior tympanic branch of the maxillary 
(internal ma:dUary) artery. The medial end of the fissure presents the anterior opening 
of the anterior canaliculus for the chorda tympani. Very rarely a postgl&ioid foramen 
is present just in front of the external auditory meatus and in the line of fusion of the 
squamous and tympanic portions of the bone. It replaces the squamosal foramen, already 
mentioned, and transmits the petrosquamous sinus (p. 817). 

The cerAral surface of the squama (fig. 350) is concave ; it presents depressions corre- 
sponding to the convolutions of the temporal lobe of the brain, and grooves for the branches 
of. the middle meningeal vessels; its lower border is united to the anterior surface of 
bone*^^^°^^ of a petrosquamosal suture are frequently seen in the adult 

The superior border is thin, heveUed at the expense of the cerebral surface, and overlaps 
we inferior border of the parietal bone, forming with it the squamosal suture. Posteriorly 
the superior border forms an angle (B.N.A. parietal notch) with the mastoid portion of the 
bone. The an^o-inferior border, thin above and thick below, articulates with the greater 
wing of the sphenoid bone ; its upper part is bevelled at the expense of the cerebral surface, 
its lower at the expense of the temporal surface. 



THE TEMPORAL BONES 


297 


The mastoid portion forms the posterior part of the temporal bone. Its outer surface 
(fig. 349) is rough and gives attachment to the occipital beUy of the occipitofrontalis, 
and the auricularis posterior muscle. It is frequently perforated near its posterior border 
by the mastoid foramen^ which gives exit to a vein from the sigmoid sinus and entrance 
to a small branch of the occipital artery to the dura mater ; the position and size of this 
foramen are very variable ; it may be situated in the occipital bone, or in the suture 
between the temporal and the occipital bones. The mastoid portion is continued below 
into a conical projection, named the mastoid process ; it is larger in the male than in the 
female. The lateral surface of this process gives insertion to the stemomastoid, splenius 
capitis, and longissimus capitis ; on its medial side there is a deep groove, termed the 
mastoid notch, for the attachment of the posterior belly of the digastric muscle ; medial to 
this notch the shallow occipital groove lodges the occipital artery. 

Fio. 351. — section through the left temporal bone in the long axis of the tympanic 
cavity. The lateral surface of the medial half of the bone is shown. 

The duct of the cochlea and the superior and lateral semicircular ducts are 

shown in blue. 
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On the inner surface of the mastoid portion (fig. 360) there is a deep, curved groove 
termed the sigmoid sulcus, which lodges the sigmoid sinus ; near its posterior border it 
receives the opening of the mastoid foramen. The sigmoid sulcus is separated from the 
innermost of the mastoid air-cells by a thin lamina of bone which may be partly deficient. 

The superior border of the mastoid portion is thick and serrated for articulation with the 
postero-inferior angle of the parietal bone. The posterior border, also serrated, articulates 
with the inferior border of the occipital bone between the lateral angle and jugular process. 
The mastoid portion is fused with the descending process of the squamous part above ; 
below, it enters into the formation of the posterior wall of the tympanic cavity. 

A section of the mastoid process (fig. 361) exhibits a number of spaces, termed the mas- 
toid air cells, which vary greatly in size and number. At the upper and front part of the pro- 
cess they are large and irregular, but towards the lower part they diminish in size, while 
those at the apex of the process are frequently quite small ; occasionally they are entirely 
absent, and the mastoid is then solid throughout. In addition, a large, irregular air -sinus, 
termed the tympanic antrum, is situated at the upper and anterior part of the mastoid 
portion of the bone ; it is lined with a prolongation of the mucous membrane of the tym- 
panic cavity. It is bounded above by a thin plate of bone, termed the legmen tympani, 
which separates it from the middle cranial fossa ; laterally by the portion of the squamous 
part which hes below the supramastoid crest ; its medial waU is related to the lateral 
semicircular canal of the internal ear. Below and behind, the tympanic antrum com- 
municates with the mastoid air cells ; in front, it opens into that portion of the tym- 
panic cavity which is known as the epitympanic recess. The tympanic antrum is a cavity 
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of some considerable size at the time of birth ; the mastoid air cells originate as diverticula 
from the antrum, and begin to appear at or before birth ; by the fifth year they are of 
considerable size, but their development is not completed until puberty. (PI. I, fig. 1.) 

The petrous portion of the temporal bone is wedged between the sphenoid and occipital 
bones at the base of the skull (figs. 319, 324). It is directed medially, forwards, and a 
little upwards ; it has a base, an apex, three surfaces, and three margins. The essential 
parts of the organs of hearing and equilibration are placed within it. 

The hose is fused with the squamous and mastoid portions, and is partially separated 
from them by the tympanic antrum. 

The apex, rough and uneven, is received into the angular interval between the posterior 
border of the greater wing of the sphenoid bone and the basilar part of the occipital bone ; 
it is pierced by the anterior orifice of the carotid canal and forms the posterolateral 
boundary of the foramen lacerum. 

The anterior surface helps to form the floor of the middle cranial fossa and is continuous 
with the cerebral surface of the squamous part, although remains of the petrosquamosal 
suture are often distinct even at a late period of life. 

The whole surface is marked by impressions for the gyri of the inferior surface of the 
temporal lobe of the brain. Immediately behind the apex a slight hollow lodges the tri- 
geminal (semilunar) ganglion and it is termed the trigeminal impression. The bone anterior 
and slightly lateral to the impression forms the roof of the anterior part of the carotid canal ; 
it is often deficient in this situation. An irregular ridge separates the trigeminal impression, 
posteriorly from a second hollow, which forms part of the roof of the internal auditory 
meatus and covers the cochlea. This concavity is limited behind by an elevation, termed 
the arcuate eminence (fig. 350), which is raised by the superior semicircular canal and, in its 
lateral part, roofs in the vestibule and the beginning of the facial canal. Between the squam- 
ous part on the lateral side and the arcuate eminence and the hollows just described on the 
medial side the surface is formed by the tegmen tympani (fig. 324). This thin plate of bone 
forms the roof of the tympanic antrum behind and extends forwards above the tympanic 
cavity and the canal for the tensor tympani muscle. Its lateral margin meets the squamous 
part at tne site of the petrosquamosal suture and turns downwards in front to form the lateral 
wall of the canal for the tensor tympani and the bony part of the pharyngotympanic (audi- 
tory) tube ; the lower edge of this downtumed portion has already been observed in the floor 
of the squamotympanic fissure (p. 262). Anteriorly the tegmen tympani presents a narrow 
groove, which runs backwards and laterally and enters the bone through an opening 
placed in front of the lateral part of the arcuate eminence. This hiatus transmits the 
greater superficial petrosal nerve, which runs forwards to the foramen lacerum. A second 
groove may mark the bone on the lateral side of the one just described ; it transmits the 
lesser superficial petrosal nerve from the tympanic plexus. The posterior slope of the arcuate 
eminence covers the posterior and lateral semicircular canals, and lateral to it the posterior 
part of the tegmen tympani roofs in the posterior part of the tympanic antrum. 

The posterior surface (fig. 350) forms the anterior part of the posterior cranial fossa and 
is continuous with the iimer surface of the mastoid portion. Near the centre of this surface 
an orifice of varying size leads into the internal auditory meatus. This canal, which is about 
1 cm. in length, runs laterally ; it transmits the facial and auditory nerves and the internal 
auditory artery. The lateral end of the intemal auditory meatus is separated from the 
internal ear by a vertical plate, which is divided into two unequal portions by a horizontal 
crest, termed the transverse crest (fig. 352). Below the posterior part of the crest, and 
situated in the inferior vesUhular area, several openings are present for the transmission 
of the nerves to the saccule ; below and behind this area the foramen singulars gives passage 
to the nerve to the posterior semicircular duct. Below the anterior part of the transverse 
crest, a number of small spirally arranged openings constituting the tractus spiralis fora- 
minosus, encircle the cental canal of the cochlea.; these openings together with the central 
canal transmit the nerves to the cochlea. The portion' above the transverse crest displays, 
behind, the superior vestibular area, pierced by a series of small openings for the passage of 
the nerves to the utricle and the superior and lateral semicircular ducts, and in front, the 
facial a/rea, with one large opening which is the commencement of the canal for the facial 
nerve. Behind the opening of the meatus there is a small slit almost hidden by a thin plate 
of bone ; it leads to a canal, named the aqucedttct of the vestibule, which contains the saccus 
and ductus endolymphaticus together with a small artery and vein. Above and between 
these two openings an irregular depression, termed the subarcuate fossa, lodges a process 
of the dura mater and transmits a small vein ; in the infant this depression is represented 
by a large fossa which extends as a short, blind tunnel under the superior semicircular 
canal. 

The inferior surface (fig. 353), rough and irregular, forms- part of the external surface of 
the base of the skuU. It presents the following parts for examination : (1) near the apex 
there is a quadrilateral rough surface, which serves part/ly for the attachment of the levator 
palati (levator veli palatini) muscle and the cartilaginous portion of the pharyngotympanic 
(auditory) tube, and partly for connexion with the basilar part of the occipital bone through 
the intervention of some dense fibrous tissue; (2) behind this a large, nearly circular 
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aperture, leads into tiie carotid canal ; this canal runs at first vertically, and then, making a 
bend, is directed horizontally forwards and medially ; it transmits into the cranium the 
internal carotid artery and the carotid plexus of nerves ; (3) behind this opening there is a 
deep depression, termed the jugulxir fossa, of variable depth and size in different skulls ; 
it lodges the superior bulb of the internal jugular vein ; (4) in front of the medial part of 
the jugular fossa and directly below the internal auditory meatus, the bone is marked by 
a triangular depression, which lodges the inferior (petrous) ganglion of the glossopharyngeal 
nerve ; at the apex of this notch a small opening leads into the cochlear canaliculus, which 
lodges the aqueduct of the cochlea and a tubular prolongation of the dura mater and 
transmits a vein from the cochlea to join the internal jugular vein ; through the aqueduct 
the perilymph of the labyrinth is enabled to drain away into the subarachnoid space ; (5) on 
the bony ridge dividing the carotid canal from the jugular fossa there is a small canaliculus 
for the tyrnfanic nerve, which is derived from the glossopharyngeal nerve ; (6) in the lateral 
part of the jugular fossa the bone is pierced by the mastoid canaliculus for the entrance of 
the auricular branch of the vagus nerve ; (7) behind the jugular fossa the jugular surface 
forms a rough quadrilateral area covered with cartilage in the recent state and articulating 
with the jugular process of the occipital bone ; (8) extending laterally from the carotid 


Fig. 352. — A diagrammatic view of the lateral end of the right internal auditory 

meatus. (Testut.) 
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canal is the sharp lower border of the tympanic part of the bone ; the lateral part of this 
border splits to ensheath the root of the styloid process and is therefore named the sheath 
of the styloid process (vagina processus styloidei) ; (9) emerging from its sheath the styloid 
process, which is about 2*5 cm. in length, is directed downwards and forwards ; (10) between 
the styloid and mastoid processes the stylomastoid foramen forms the lower end of the facial 
canal and transmits the facial nerve and stylomastoid artery. 

The superior border — ^the longest — ^is grooved for the superior petrosal sinus and gives 
attachment to the tentorium cerebelli, except at its medial extremity, where it is crossed by 
the roots of the trigeminal nerve. The posterior border is intermediate in length between 
the superior and the anterior. Its medial part is marked by a sulcus, which forms, with a 
corresponding sulcus on the occipitah bone, the channel for the inferior petrosal sinus. 
Behind this there is the jugular fossa, which, with the jugular notch on the occipital bone, 
forms the jugular foramen ; it presents a notch for the glossopharyngeal nerve, and either 
or both of the extremities of the notch may meet the occipital bone and divide the foramen 
into two, sometimes three, parts. The anterior border is divided into two parts — a lateral, 
joined to the squamous part at the petrosquamosal suture ; a medial, free, for articulation 
with the greater wing of the sphenoid bone. 

At the angle of junction of the petrous and squamous parts two canals are placed one 
above the other, and separated by a thin plate of bone. Both canals lead into the tympanic 
cavity ; the upper transmits the tensor tympani ; the lower forms the canal of the pharyngo- 
tympanic (auditory) tube. 

The tympanic part of the temporal bone (fig. 353) is a curved plate lying below the 
squamous part and in front of the mastoid process. Internally, it is fused with the petrous 
portion, and appears in the angle between it and the squamous part, where it lies below and 
lateral to the orifice of the pharyngotympanic (auditory) tube. Behind, it fuses with the 
squamous part and the mastoid process, and forms the anterior boundary of the tympano- 
mastoid fissure. Its posterior surface is concave and forms the anterior wall, the floor, and a 
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part of the posterior wall of the bony external auditory meatus ; at the medial end of this 
surface there is a narrow furrow, termed the tympanic sulcus^ for the attachment of the 
circumference of the tympanic membrane. Its anterior surface, quadrilateral and slightly 
concave, constitutes the posterior wall of the articular fossa and is sometimes in contact 
with a part of the parotid gland. Its lateral border is free and roughened ; it forms a large 
part of the margin of the opening of the external auditory meatus and gives attachment to 
the cartilaginous part of the meatus. The lateral part of the upper border is fused with the 
back of the postglenoid tubercle ; its medial part forms the posterior boxmdary of the petro- 
tympanic fissure. The lower border is sharp ; its lateral part splits to enclose the root of the 
styloid process and is therefore named the sheath of the styloid process. The central portion 
of the tympanic part of the temporal bone is thin, and in a considerable percentage of skulls 
is perforated by a foramen. 


Fig. 353. — ^The left temporal bone. Inferior surface. 
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The external auditory meatus, which is about 16 mm. long, is directed inwards and slightly 
forwards and downwards ; its fioor is convex upwards. On sagittal section the meatus is 
oval or elliptical in shape with the long axis directed downwards and slightly backwards. 
Its anterior wall, its floor and the lower part of its posterior wall are formed by the tympanic 
part of the bone ; its roof and the upper part of its posterior wall by the squamous part. 
Its inner end is closed in the recent state by the tympanic membrane ; its outer end is 
bounded above by the posterior root of the zygomatic process, below which the small 
suprameatal spine is sometimes seen at the upper and posterior part of the orifice. 

The styloid process of the temporal bone, slender, pointed, and averaging about 
2*5 cm. in length, projects downwards and forwards, from the under surface of the bone. 
Its proximal part (tympanohyal) is surrounded by a bony sheath, derived from the tym- 
panic plate and best marked on its anterolateral aspect, while its distal part (stylohyal) gives 
attachment to certain muscles and Ugaments. The styloglossus arises from its anterior 
aspect close to the tip ; the stylohyoid springs by a delicate little tendon from its posterior 
surface midway between its tip and its base ; and the stylophamygeus arises from the medial 
side close to its base. The stylomandibular ligament is attached to the lateral surface of 
the process, and the stylohyoid ligament to its tip. The process is covered by the parotid 
gland, and the facial nerve crosses its base and the external carotid artery its tip, as they lie 
within the gland. On its deep surface the process is separated* from the commencement of 
the internal jugular vein by the origin of the stylopharyngeus muscle. 

Structure. — The structure of the squamous part is like that of the other cranial bones : 
the mastoid portion is spongy, and the petrous portion dense and hard. 
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Ossification. — ^The temporal bone is ossified from eight centres (exclusive of those for the 
internal ear and the tympanic ossicles) — ^viz. one each for the squamous and the t 3 unpanic 
part, four for the petrous and mastoid parts, and two for the styloid process. Just before 
birth the bone consists of three principal parts, viz. : the squamous, the petromastoid 
part, and the tympanic ring (fig. 354). The sguamous jpart is ossified in membrane from 
a single centre, which appears in the region of the root of the zygomatic process about 


Fig. 354. — The three principal parts of the right temporal bone at birth. 
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the seventh or eighth week and soon extends in an upward direction. The petromastoid 
part is developed from four centres, which make their appearance in the cartilaginous 
ear-capsule (p. 130) about the fifth or sixth month of intrauterine life. One (pro-otic) 
appears in the neighbourhood of the arcuate emiuence, spreads in front of and above the 
internal auditory meatus and extends to the apex of the bone ; it covers part of the cochlea, 
vestibule, superior semicircular duct, and medial wall of the tympanic cavity. A second 
(opisthotio) appears at the promontory 
on the medial wall of the tympanic cavity 
and surrounds the fenestra cochleae ; it 
forms the floor of the t 3 mpanic cavity 
and vestibule, surrounds the carotid 
canal, invests the lateral and lower parts 
of the cochlea, and spreads below the 
internal auditory meatus. A third 
(pterotic) forms the roof of the tymp- 
anic cavity and antrum ; while the 
fourth (epiotic) appears near the posterior 
semicircular duct and extends to form 
the mastoid process (Vrolik). The tymp- 
anic ring is an incomplete circle, de- 
ficient above, the concavity of which is 
grooved by the tympanic sulcus, for the 
attachment of the circumference of the 
tympanic membrane. Two crests, the 
superior and inferior tympanic crests, 
run obliquely downwards and forwards 
across the anterior part of the inner 
surface of the ring. Between them an 
obliquely directed furrow, termed the 
sulcus malleolaris, lodges the anterior 
process of the malleus, the anterior tympanic artery and the chorda tympani nerve. The 
tympanic ring expands to form the tympanic part of the bone and is ossified in membrane 
from a single centre which appears about the third month. The styloid process is developed 
from the cranial end of the cartilage of the second visceral or hyoid arch (p. 99) by two 
centres : one for the proximal part of the process, termed the tympanohyal, appears 
before birth ; the other, for the istal part of the process, termed the stylohyal, does not 
appear until after birth. The tympanic ring unites with the squamous part shortly before 
birth ; the petromastoid fuses with the squamous part during the first year, and with the 
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tympanohyal portion of tlie styloid process about the same time (figs. 316, 317). The 
stylohyal does not unite with the rest of the bone until after puberty, and in some skulls 
never at all. 

Subsequently the chief changes in the temporal bone, apart from increase in size, are : 
(1) The tympanic ring grows laterally and backwards to form the tympanic part of the bone. 
This growth does not, however, take place at an equal rate all round the ring, but occurs 
most rapidly on its anterior and posterior portions, and these outgrowths meet and blend, 

and thus, for a time, there exists in the floor 


Fig. 356. — The right temporal bone at 
birth. Internal aspect. 
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of the meatus a foramen, named the foramen 
of Huschke : this foramen is usually closed 
about the fifth year, but may persist through- 
out life. (2) The articular fossa is at fist 
extremely shallow and looks more laterally 
than downwards ; it becomes deeper and 
is ultimately directed downwards. Its change 
in direction is accounted for as follows. The 
portion of the squamous part which forms 
the fossa lies at first below the level of the 
zygomatic process and is nearly vertical, but 
in consequence of the subsequent increase in 
the width of the base of the skull this portion 
of the squamous part comes to be directed 
horizontally inwards, and its surfaces there- 
fore upwards and downwards ; the attached 
portion of the zygomatic process also becomes 
everted and projects like a shelf at right angles 
to the squamous. The postero-inferior por- 
tion of the squamous part grows downwards 
behind the tympanic ring and forms the 
lateral bony waU of the tympanic antrum. 

(3) The mastoid portion is at first flat, and the 
stylomastoid foramen and rudimentary styloid process lie immediately behind the tympanic 
ring. With the development of the mastoid air cells the lateral part of the mastoid portion 
grows downwards and forwards to form the mastoid process, and the styloid process and 
stylomastoid foramen come to lie on the imder surface of the bone. The descent of the 
stylomastoid foramen is necessarily accompanied by a corresponding increase in the length 
of the canal for the facial nerve. It is not until the latter part of the second year that 
the mastoid process forms , a definite elevation on the surface of the skuU. (4) The sub- 
arcuate fossa on the posterior surface of the petrous portion is gradually filled and almost 
obliterated. 
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Applied Anatomy . — The external auditory meatus is relatively as long in the child as 
in the adult, but in the child the canal is fibro-cartilaginous, whereas in the adult the inner 
two-thirds of it are osseous. When it is necessary to open the tympanum for suppuration, 
it is approached through the tympanic antrum. In the child only a thin scale of bone 
requires to be removed from the suprameatal triangle to open into the tympanic antrum. 


The Paeietal Bones (Ossa Parietaua) 

The parietal bones form, by their union, the sides and the roof of the cranium. Each 
bone is irregularly quadrilateral in shape, and has two surfaces, four borders, and four 
angles. 

The external surface (fig. 357) is convex, smooth, and marked near the centre by a slight 
elevation, termed the parietal eminence. Two curved lines, termed the superior and inferior 
temporal lines, cross the middle of the bone, forming an arch which is convex upwards and 
backwards ; the former gives attachment to the temporal fascia ; the latter marks the upper 
limit of the origin of the temporal muscle. The part of the bone above these lines is covered, 
in the recent condition, with the epicranial aponeurosis (galea aponeurotica) ; that below 
the lines forms a part of the temporal fossa. At the posterior^part, and close to the upper 
or sagittal border, tlae parietal foramen transmits a vein from the superior sagittal sinus and, 
sometimes, a small branch of the occipital artery ; the foramen is not constantly present, 
and its size varies considerably. 

The internal surface (fig. 358) is concave ; it presents impressions for the cerebral gyri, 
and numerous furrows for the ramifications of the middle meningeal vessels;* these 
furrows run upwards and backwards from the anterior inferior angle, and from the middle 

* Consult articles by F. Wood Jones, Journal of Anatomy and Physiology, vol. xlvi., and 
B. Coen, Journal of Anatomy and Physiology, vol. xlviii. 
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and posterior part of the inferior border. Along the upper or sagittal border there is a 
shallow groove, which, with that on the opposite parietal bone, forms the sagittal sulcus for 
the superior sagittal sinus ; to the edges of this sulcus the falx cerebri is attached. A 
number of granular pits, which lodge arachnoid granulations, mark the bone in the neigh- 
bourhood of the sagittal sulcus ; they are best marked in the skulls of old persons. 

The upper border — the longest and thickest — is dentated ; it articulates with the corre- 
sponding border of the opposite parietal bone to form the sagittal suture. The Imver border 
is divided into three parts : of these, the anterior is short, thin and pointed ; it is bevelled at 
the expense of the external surface, and is overlapped by the tip of the greater wing of the 
sphenoid ; the middle portion is arched, bevelled at the expense of the external surface,, 
and overlapped by the squamous part of the temporal bone ; the posterior part is short,, 
thick and serrated, and articulates with the mastoid portion of the temporal bone. The 
arderior border is deeply serrated, and bevelled at the expense of the external surface above 


Fig. 357. — The left parietal bone. External surface. 
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and of the internal below ; it articulates with the frontal bone, forming one-half of the 
coronal suture. The posterior border, which is deeply dentated, articulates with the occipital 
bone, forming one-half of the lambdoid suture. 

The anterior superior angle is almost a right angle, and corresponds with the bregma or 
point of meeting of the sagittal and coronal sutures. The anterior inferior angle is received 
into the interval between the frontal bone and the greater wing of the sphenoid. Its 
internal surface is marked by a deep groove — sometimes a canal — ^for the anterior divisions 
of the middle meningeal vessels. In some skulls the frontal bone articulates with the 
squama of the temporal bone, and the parietal bone then fails to reach the greater wing 
of the sphenoid. The region where these four bones approach closely to one another is 
termed the pterion (p. 251). The posterior superior angle is rounded and corresponds with 
the lambda or point of meeting of the sagittal and lambdoid sutures. The posterior inferior 
angle is blunt and articulates with the occipital bone and with the mastoid portion of the . 
temporal bone, the meeting point of the three bones being named the asterion. On the 
internal surface of this angle there is a broad, shallow groove, which lodges the end of the 
transverse sinus and the commencement of the sigmoid sinus. 

At birth there are unossified or membranous intervals in the skuU at the angles 
of the parietal bones ; they are named fontanelles (fonticuli) and are described on pp. 326, 
327. 
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Ossification, — ^The parietal bone is ossified in membrane from two centres, which appear 
one above the other at the parietal eminence about the seventh week of intrauterine life. 
These centres unite early, and ossification gradually extends in a radial manner towards the 
margins of the bone ; the angles are consequently the parts last formed, and it is here that 
the fontanelles are found. At birth the temporal lines are situated low down ; they reach 
their permanent position only after the eruption of the molar teeth. Occasionally the 
parietal bone is divided into upper and lower parts by an anteroposterior suture. 


Fig. 358. — The left parietal bone. Internal surface. 
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The Ebontal Bone (Os Fbontale) 

The frontal bone resembles a cockle-shellin shape, and forms the region of the forehead ; 
on each side it has a horizontal orbital plate, which enters into the formation of the roof of 
the orbital cavity. 

The frontal bone has four surfaces, viz. — frontal, right and left temporal and cerebral. 

Hhid frontal surface (fig. 359) usually exhibits, in the lower part of the median plane, the 
remains of the frontal or metopic suture ; in infancy this suture divides the bone into two— a 
condition which persists in about 9 per cent, of skulls. On each side of the median plane, 
about 3 cm. above the supra-orbital margin, there is a rounded elevation, termed the fronted 
eminence. These eminences vary in size in different individuals, are occasionally asymmetri- 
cal, and are especially prominent in young skulls. Below the frontal eminences, and sepa- 
rated from them by a shallow groove, there are two curved superciliary arches, the medial 
parts of which are prominent and joined to each other by a smooth elevation named the 
ghhelh. These arches are larger in the male than in the female, and their degree of promin- 
ence depends to some extent on the size of the frontal sinuses ; prominent superciliary arches 
are, however, occasionally associated with small sinuses. Beneath the superciliary arches 
the curved supra-orhital margins form the upper portions of the orbital openings. The 
lateral two-thhxis of each supra-orbital margin are sharp ; the medial one-third is rounded. 
At the junction of these two parts the supra-orbital notch, ox foramen, is situated ; it trans- 
mits the supra-orbital vessels and nerve. Medial to this notch, and present in about 60 per 
cent, of skudls, is the small frontal notch or foramen. The supra-orbital margin ends laterally 
in the zygomatic process, which is strong and prominent, and articulates with the zygo- 
matic bone. From this process a line curv^ upwards and backwards and soon divides 
into the superior and inferior temporal lines. It separates the frontal surface from the 
temporal. 

The portion of the bone which projects downwards between the supra-orbital margins 
is named the nasal part. It presente an uneven interval, sometimes termed the nasal notch, 
which articulates on each side of the median plane with the nasal bone, and lateral to this 
with the frontal process of the maxilla and with the lacrima) bone. From the centre of the 
notch the nasal part projects downwards and forwards behind the nasal hones (fig. 330) and 
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frontal processes of the maxiQae, and supports the bridge of the nose. The nasal part ends 
below in a sharp nasal spinSf and on each side of this there is a small grooved surface 
which forms a part of the roof of the corresponding nasal cavity. The nasal spine forms 
a part of the septum of the nose ; in front it articulates with the crest of the nasal bones, 
behind with the perpendicular plate of the ethmoid bone (fig. 328). 

The temporal surface, below and behind the temporal lines, forms the anterior part of 
the temporal fossa and gives origin to a part of the temporal muscle. 

The cerebral surface (fig. 360) of the frontal bone is concave. In the upper part of 
the median plane it is marked by a vertical groove, termed the sagittal sulcus, the edges of 
which unite below to form the frontal crest ; the sulcus lodges the anterior part of the 


Pig. 359. — ^The frontal bone. External surface. 



superior sagittal sinus, while to its margins and to the frontal crest the anterior part of 
the falx cerebri is attached. The crest ends below in a small notch, which is converted into 
the foramen caecum by articulation with the ethmoid bone. The foramen caecum varies in 
size in different skulls, and is rarely pervious ,* in these rare cases, it transmits a vein from 
the nose to the superior sagittal sinus. On each side of the median plane the surface is 
marked by impressions for the cerebral gyri, and minute furrows for meningeal vessels. 
Several small, irregular fossae may be seen on each side of the sagittal sulcus, for the reception 
of arachnoid granulations. They are termed granular pits. 

The parietal margin is thick, strongly serrated, bevelled at the expense of the cerebral 
surface above, where it rests upon the parietal bones, and at the expense of the temporal 
surface on each side, where it receives the lateral pressure of the parietal bones ; it is 
continued below into a triangular, rough surface, for articulation with the greater wing of 
the sphenoid bone. 

The orbital plates of the frontal bone consist of two thin triangular lamellae, which form 
the vaults of the orbits, and are separated from each other by a wide gap named the 
ethmoidal notch, ' - . 
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The orbital surface, (fig. 360) of each orbital plate is smooth and concave, and presents, in 
its anterolateral part, a shallow depression which lodges the lacrimal gland and conse- 
quently is .termed the fossa for the lacrimal gland ; below and behind the medial end of the 


Fio. 360. — The frontal bone. Viewed from below. 

Sagittal sulcus 



supra- orbital margin, about midway between the supra-orbital notch and the fronto- 
lacrimal suture, there is a small depression or spine [the fossa vel sjpina trocklearis]^ for the 
attachment of the fibrocartilaginous pulley of the superior oblique muscle. The cerebral 

Fig. 361. — Frontal sinuses. Anterior aspect. The left sinus is larger than the 
right and the septum between them is obliquely placed. 



surface is convex, and marked by impressions for the gyri on the inferior surface of the 
frontal lobe of the brain, and by faint grooves for the meningeal branches of the ethmoidal 
vessels. 
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The e£hnfioid(iL notch (fig. 360) separates the two orbital plates ; it is quadrilateral in 
outline and is filled, in the articulated skull, by the cribriform plate of the ethmoid bone. 
On the margins of the notch portions of several air-sinuses are present : they complete the 
ethmoidal sinuses when the ethmoid bone is in position. Two transverse grooves cross each 
margin of the notch ; they are converted into the anterior and posterior ethmoidal canals by 
the ethmoid bone, and open on the medial wall of the orbit ; they transmit the anterior and 
posterior ethmoidal nerves and vessels. 

The openings of t)iQ frontal sinicses (fig. 360) are situated in front of the ethmoidal notch, 
and lateral to the nasal spine. These sinuses are two irregular cavities, which extend back- 
wards, upwards, and laterally for a var- 

iable distance between the tables of the 362.— The frontal bone at birth, 

frontal bone ; they are separated from External aspect, 

each other by a thin bony septum, which 

is often deflected to one or other side of Squama 

the median plane, with the result that the 
sinuses are seldom symmetrical. Rudi- 
mentary at birth, the frontal sinuses are 
usually fairly well-developed between the 
seventh and eighth years, but reach their 
full size only after puberty. They vary in 
size in different persons and are larger in 
men than in women.* Occasionally they 
extend backwards in the roofs of the orb- 
ital cavities as far as the optic foramina. 

Each communicates with the middle 
meatus of the corresponding nasal cavity 
by means of a passage called the fronto- 
nasal duct. (PI. I.) 

The posterior borders of the orbital plates 
are thin and serrated, and articulate with 
the lesser , wings of the sphenoid ; the Spine 

lateral part of each usually appears in the 

middle cranial fossa between the greater and lesser wings of the sphenoid bone. 

Structure.-^The frontal bone is thick and consists of spongy substance contained be- 
tween two compact laminae ; the spongy substance is absent in the regions occupied by the 
frontal sinuses. The orbital plate, composed entirely of compact bone, is thin and trans- 
lucent in its posterior two-thirds. 

Ossification (fig. 362). — ^The frontal bone is ossified in membrane from two primary 
centres which appear in the seventh or eighth week of intrauterine life, one above each 
supra-orbital margin. From each of these centres ossification extends upwards to form the 
corresponding half of the bone, and backwards to form the orbital plate. The nasal spine 
is ossified from two secondary centres, one on each side of the median plane ; secondary 
centres also appear in the nasal parts and zygomatic processes. At birth the bone consists 
of two pieces separated by the fiontal suture, but union of the pieces begins in the second 
year, and the frontal suture is usually obliterated, except at its lower part, by the eighth 
year. 

The Ethmoid Bone (Os Ethmoidale) 

The ethmoid bone is cuboidal in shape, and exceedingly light ; it is situated at the an- 
terior part of the base of the cranium, and assists in forming the medial walls of the orbits, 
the septum of the nose, and the roof and lateral walls of the nasal cavity. It consists of 
four parts : a horizontal, perforated plate named the cribriform plate, a perpendicular plate 
and two lateral masses named the labyrinths. 

The cribriform plate of the ethmoid (fig. 363) occupies the ethmoidal notch of the frontal 
bone and forms a part of the roof of the nasal cavity. A thick, smooth, triangular process, 
called the crista galli from its resemblance to a cock’s comb, projects upwards from this 
lamina in the median plane. Its posterior border, long, thin, and curved, gives attachment 
to the falx cerebri. Its anterior border, short and thick, articulates with the frontal bone 
by two small projecting alee which complete the foramen caecum. Its sides are smooth, and 
sometimes bulging owing to the presence of a small air-sinus in the interior. On each side 
of the crista galli the cribriform plate is narrow and depressed ; it supports the gyrus rectus 
and presents numerous foramina for the passage of the olfactory nerves. The foramina in 
its middle part are small and transmit the nerves from the Mucous membrane of the roof 

* Logan Turner {op. cit.) gives the following measurements for an adult sinus of average 
size : height, 3-16 cm. ; breadth, 2-58 cm. ; depth from before backwards, 1*8 cm. Onodi 
(op. cit.) states that in infants of from one to twelve months the height of the frontal sinus 
varies from 3*5 nun. to 8 mm., and its width from 2 mm. to 6 mm., and that in the eighth 
year of life the height is from 14 mm. to 17 mm., and the width from 7 mm. to 9 mm. 
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of the nasal cavity ; those in the medial and lateral parts are larger — ^the former transmit 
the nerves from the mucous membrane on the upper part of the nasal septum, the latter the 
nerves from the mucous membrane on the superior nasal concha. At the front part of the 
cribriform plate, on each side of the crista galli, there is a small slit-hke fissure, which is 
occupied by a process of dura mater. The foramen which transmits the anterior ethmoidal 

nerve to the nasal cavity is placed 
lateral to the anterior end of the 
fissure, and from it a groove runs 
backwards to the orifice of the 
anterior ethmoidal canal. 

The perpendicular plate of the 
ethmoid (figs. 364, 366), is thin, 
flat and quadrilateral in form. 
It descends from the under sur- 
face of the cribriform plate and 
forms the upper part of the nasal 
septum ; it is generally deflected a 
little to one or other side. The 
anterior border articulates with the 
nasal spine of the frontal bone 
and the crest of the nasal bones. 
The 'posterior border articulates 
with the sphenoidal crest above 
and with the vomer below. The 
superior border is attached to the 
cribriform plate. The inferior 
border is thick, and serves for the 
attachment of the septal cartilage 
of the nose. The surfaces of the 
lamina are smooth, except above, where numerous grooves and canals are seen ; these 
lead to the medial foramina in the cribriform plate and lodge filaments of the olfactory 
nerves. 

Each labyrinth of the ethmoid bone consists of a number of thin-walled ethmoidal sinuses, 
arranged in three groups — anterior, mUdle, and posterior — ^and interposed between two 
vertical plates of bone ; the lateral or orbital plate forms part of the medial wall of the 
orbit, the medial plate, part of the lateral wall of the nasal cavity,* In the disarticulated 


Fig. 363. — The ethmoid bone. Superior aspect. 
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Fig. 364. — The perpendicular plate of the ethmoid bone. Right lateral aspect. 
Shown after removal of the right labyrinth. 



bone many of these ethmoidal sinuses are opened, but in the articulated skull they are 
everywhere closed, except at their apertures of communication with the nasal cavity. The 
upper surface of the labyrinth (fig. 363) presents a number of air-sinuses, the walls of 
which are completed, in the articulated skull, by the edges of the ethmoidal notch of the 
frontal bone (fig. 360). This surface is crossed by two grooves which are converted into the 
anterior and posterior ethmoidal canals by articulation with the frontal bone. Gn the 
posterior surface of each labyrinth (fig. 365) large air-sinuses are visible, and their walls 

* Some anatomists divide the ethmoidal sinuses into two groups, an anterior, comprising 
those which open into the middle meatus, and a posterior, those which open into the 
superior meatus of the nose. 
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are completed by the sphenoidal concha and the orbital process of the palatine bone. The 
lateral surface (fig. 366) consists of a thin, smooth, oblong plate, named the orbital plate, 
which covers the middle and posterior ethmoidal sinuses and forms a large part of the 
medial wall of the orbit ; it articulates above with the orbital plate of the frontal bone, 
below with the maxilla and the orbital process of the palatine bone, in front with the 
lacrimal bone, and behind with the sphenoid bone (fig. 314). 

A few sinuses lie in front of the orbital plate and their walls are completed by the lacrimal 
bone and the frontal process of the maxilla. A curved lamina, termed the uncinate process, 
which is subject to considerable variation in size, projects downwards and backwards from 


Fig. 365. — The ethmoid bone. Posterior aspect. 



this part of the labyrinth ; it forms a small part of the medial wall of the maxillary sinus 
(fig. 3 14), and articulates with the ethmoidal process of the inferior nasal concha. The upper 
edge of this process is free and forms the medial boundary of the hiatus semilunaris. 

The medial surface of the labyrinth (fig. 367) forms part of the lateral wall of the corre- 
sponding half of the nasal cavity ; it consists of a thin lameUa, which descends from the 
under surface of the cribriform plate and ends in a free, convoluted portion, named the 
middle nasal concha. The upper part of the medial surface is marked by numerous grooves, 
directed nearly vertically downwards ; they lodge branches of the olfactory nerves. The 
posterior part of the medial surface is subcfivided by a narrow, oblique fissure, termed the 


Fig. 366. — ^The ethmoid bone. Bight lateral aspect. 



superior meatus of the nose, which is bounded above by a thin, curved plate, named the 
superior nasal concha; the posterior ethmoidal sinuses open into this meatus. Below and 
in front of the superior meatus the convex surface of the middle nasal concha extends 
along the whole length of the medial surface of the labyriuth. Its lower margin is free and 
thick, while its lateral surface is concave and assists in forming the middle meatus of the 
nose. The middle ethmoidal sinuses produce a rounded swelling, named the bulla ethmoi- 
dalis, on the lateral wall of the middle meatus (fig. 368) ; on the bulla, or immediately 
above it, these sinuses open into the meatus. A curved passage, named the infundibulum. 
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extends upwards and forwards from the middle meatus ; it communicates with the an- 
terior ethmoidal sinuses, and in rather more than 50 per cent, of skulls is continued upwards 
as the frontonasal duct into the frontal sinus. 

Ossification.— The ethmoid bone is ossified in the cartilaginous nasal capsule from three 
centres ; one for the perpendicular plate, and one for each labyrinth. 


Fig. 367. — The lateral wall of the right half of the nasal cavity, showing the ethmoid 
bone (coloured red), and the inferior nasal concha (coloured blue) in position. 



The centre for each labyrinth appears in the region of the orbital plate between the fourth 
and fifth months of intrauterine life, and extends into the conchse. At birth, the two laby- 
rinths, which are small and ill-developed, are partially ossified, but the rest of the bone is 
cartilaginous. During the first year after birth, the perpendicular plate and crista galli 
begin to ossify from a single centre, and they are joined to the labyrinths about the beginning 
of the second year. The cribriform plate is ossified partly from the perpendicular plate and 
partly from the labyrinths. The ethmoidal sinuses begin to develop during intrauterine 
life, and in the new-born infant have the form of narrow pouches. 


The Ineeriob Nasal CoNCHiE (CoisrcHJS Nasales Ineeriores) 

The inferior nasal conchae are curved laminae which lie horizontally in the lateral walls 
of the nasal cavity (fig. 367). Each bone has two surfaces, two borders, and two ends. 

The medial surface (fig. 369) is convex, perforated by numerous apertures, and traversed 
by longitudinal grooves for the lodgement of vessels. The lateral surface is concave (fig. 370), 
and forms part of the inferior meatus of the nasal cavity. The superior border is thin and 
irregular, and may be divided into three portions : of these, the anterior articulates with the 
conchal crest of the maxilla, and the posterior with the conchal crest of the palatine bone. 
The middle portion presents three processes, which vary in size and form. Of these, the 
lacrimal process is small and pointed and is situated at the junction of the anterior one- 
fourth with the posterior three-fourths of the bone : it articulates, by its apex, with a 
descending process from the lacrimal bone (fig. 368) and, by its margins, with the edges of 
the nasolacrimal groove on the medial surface of the body of the maxilla ; it thus assists in 
forming the canal for the nasolacrimal duct. Behind this process a thin plate, named the 
ethmoidal process^ ascends to join the uncinate process of the ethmoid (fig. 368). From the 
middle part of the superior border a thin lamella, termed the maxillary process, curves 
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downwards and laterally ; it articulates with the maxilla and the maxillary process of the 
palatine bone, and forms a part of the medial wall of the maxillary sinus (fig. 383). The 


Fig. 368. — The lateral wall of the right half of the nasal cavity, after removal of 
parts of the middle and inferior nasal conchse. 
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inferior border is free, thick, and spongy in structure, more especially in the middle of the 
bone. Both erds are more or less pointed, the posterior being the more tapered. 

Ossification. — ^The inferior nasal concha is ossified from one centre ; this appears about 


Fig. 369. — The right inferior nasal concha. 
Medial surface. 


Fig. 370. — The right inferior nasal 
concha. Lateral surface. 




the fifth month of intrauterine life in the incurved lower border of the lateral wall of the 
cartilaginous nasal capsule. It is detached from the remainder of the nasal capsule during 
ossification. 
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Fig. 371. — ^Th© left lacrimal 
bone. Lateral aspect. 
(Enlarged.) 


M Fronted 


The Lacrimal Bones (Ossa Laorimalia) 

The lacrimal bones, which are the smallest and most fragile of the cranial bones, are 
situated at the front parts of the medial wails of the orbits (figs. 373, 383). Each lacrimal 
bone has two surfaces and four borders. The lateral or orbital surface (fig. 371) is divided 

by a vertical ridge, termed the crest of the lacrimal bone. In 
front of this crest there is a vertical groove, the anterior 
border of which articulates with the posterior border of the 
frontal process of the maxilla to complete the lacrimal 
groove for the lodgment of the lacrimal sac. The medial 
wall of the groove is prolonged downwards as a descending 
process (fig. 372) to assist in forming the bony canal for the 
nasolacrimal duct by articulating with the lips of the naso- 
lacrimal groove of the maxilla, and with the lacrimal pro- 
cess of the inferior nasal concha. The portion behind the 
crest is smooth and forms a part of the medial wall of the 
orbit. The crest, with a part of the orbital surface immedi- 
ately posterior to it, gives origin to the lacrimal part of the 
orbicularis oculi muscle. The crest ends below in a small 
hook, termed the lacrimal hamulus, which articulates with 
the maxilla and completes the upper orifice of the bony 
canal for the nasolacrimal duct ; the lacrimal hamulus 
sometimes exists as a separate piece, and is then called 
the lesser lacrimal bone. On the medial or nasal surface a 
vertical furrow corresponds to the crest on the lateral 
surface. The area in front of this furrow forms part of the middle meatus of the nose ; that 
behind the furrow articulates with the ethmoid bone and completes some of the anterior 
ethmoidal sinuses. The anterior border of the lacrimal bone articulates with the frontal 
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Fig, 372. — sketch showing how the medial wall of the nasolacrimal canal is 
completed by the articulation of the descending process of the lacrimal bone 
with the lacrimal process of the inferior nasal concha. (After Whitnall.) 



process of the maxilla : the posterior border with the orbital plate of the ethmoid ; the 
superior border with the frontal bone. The posterior part of the inferiw border articulates 
with the orbital surface of the maxilla. 

Ossification. ^The lacrimal bone is ossified from one centre, which appears about the 
twelfth week of intrauterine life in the membrane covering the cartilaginous nasal capsule. 
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The Nasal Bones (Ossa Nasalia) 

Tlie nasal bones are two small oblong bones, varying in size and form in different 
individuals ; they are placed side by side between the frontal processes of the mazillse, and 
form, by their junction, ‘ the bridge ’ of the nose (figs. 311, 373). 


Fig. 373. ^The articulation of the nasal and lacrimal bones with the maxilla. 
Left lateral aspect. 



Each nasal bone has two surfaces and four borders. The external surface (fig. 374) is 
concavo-convex from above downwards, and convex from side to side ; it is covered by the 
procerus and compressor naris, and is perforated near its centre by a foramen for the trans- 
mission of a small vein. The internal surface (fig. 375) is concave from side to side, and is 


Fig. 374. — ^The left nasal bone. 
External surface. 


Fig. 375. — ^The left nasal bone. 
Internal surface. 
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traversed from above downwards by a groove which lodges the anterior ethmoidal nerve. 
The superior herder, thick and serrated, articulates with the nasal notch of the frontal bone. 
The inferior border, thin and notched, gives attachment to the lateral cartilage of the nose. 
The lateral border articulates with the frontal process of the maxilla. The medial border, 
thicker above than below, articulates with the opposite nasal bone and is prolonged behind 
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into a vertical crest, wMch forms a small part of the septum of the nose, and articulates, from 
above downwards, with the nasal spine of the frontal, the perpendicular plate of the 
ethmoid, and the cartilage of the septum of the nose. 

Ossification. — The nasal bone is ossified from one centre, which appears at the beginning 
of the third month of intrauterine life in the membrane overlying the anterior part of the 
cartilaginous nasal capsule. 


The Vomer 

The vomer is thin, flat bone, almost quadrilateral in shape ; it forms the hinder and 
lower part of the septum of the nose (fig. 376) and has two surfaces and four borders. Each 
surface (fig. 377) is marked by small furrows for blood-vessels, and is traversed by a groove 
which runs obliquely downwards and forwards, and lodges the corresponding long spheno- 
palatine nerve and vessels. The superior border is the thickest, and presents a deep furrow, 
bounded on each side by a projecting ala : the furrow receives the rostrum of the sphenoid ; 
the alae articulate with the sphenoidal conchas, the sphenoidal processes of the palatine 


Fig. 376. — The medial wall of the left half of the nasal cavity, showing the 

vomer in situ. 
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bones and the vaginal processes of the medial pterygoid plates. When the edge of the ala 
occupies the interval between the body of the sphenoid and the vaginal process, its lower 
surface takes part in the formation of the vomerovaginal canal (p. 260). The inferior border 
articulates with the nasal crest formed by the maxiUae and palatine bones. The anterior 
border is the longest ; its upper half articulates with the perpendicular plate of the ethmoid, 
its lower is cleft for the reception of the inferior margin of the cartilage of the septum of the 
nose. The posterior border is free, concave, and separates the posterior nasal apertures ; it 
is thick and bifid above, thin below. The anterior end of the vomer articulates with the 
posterior margin of the incisor crest of the maxillse and projects downwards between the 
incisive canals. 

Ossification.— At an early period the septum of the nose consists of a plate of cartilage. 
The superior part of this cartilage is ossified to form the perpendicular plate of the ethmoid ; 
its antero-inferior portion persists as the septal cartilage, whilst the vomer is ossified in the 
membrane covering its postero-inferior part. . About the eighth week of intrauterine life two 
centres of ossification, one on each side of the median plane, appear in this part of the mem- 
brane, medial to and a little behind the paraseptal cartilages (p. 90). About the third month 
these centres unite below the cartilage, and thus a deep groove is formed (fig. 378) in which 
the cartilage of the septum of the nose is lodged. As growth proceeds, the union of the bony 
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lamellse extends upwards and forwards and at the same time the intervening plate of 
cartilage undergoes absorption. By the age of puberty the lamellae are almost completely 
united, but evidence of the bilaminar origin of the bone is seen in the everted alae of its upper 


Fia. 377. — ^The vomer. Left lateral aspect. 



border and the groove on its anterior margin. Up to a certain stage the vomer is entirely 
derived from membrane, but ‘ it becomes added to by the ossification of the hinder end of 
the anterior paraseptal cartilage.’ * 


The Stjtueal Bokes (Ossa Suttjeabum) 

In addition to the usual centres of ossification of the cranial bones, others may occur 
in the course of the sutures, giving rise to irregular, isolated, sutural bones (fig. 379). They 
occur most frequently in the course of the lambdoid suture, but are occasionally seen at the 


Fig. 379. — sketch showing sutural bones in the lambdoid and sagittal sutures. 



fontanelles, especially the posterior. One — ^the 'pterion osside — sometimes exists between the 
anterior inferior angle of the parietal bone and the greater wing of the sphenoid bone. These 
bones vary much in size, but have a tendency to be more or less symmetrical on the two 
sides of the skull. Their number is generally limited to two or three ; but more than a 
hundred have been found in the skull of a hydrocephalic subject. 

* E. Fawcett, Journal oj Anatomy and Physiology, voL xlv. 
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THE FACIAL BONES (OSSA FACIEI) 

The Maxilla. 

The maxillae are the largest bones of the face, excepting the mandible, and by their 
union form the whole of the upper jaw (fig. 311). Each assists in completing the roof of the 
mouth, the floor and lateral wall of the nasal cavity, and the floor of the orbit ; it also 
enters into the formation of the infratemporal and pterygopalatine fossae, and the inferior 
orbital and pterygomaxiUary fissures. 

Each maxilla consists of a body and four processes — zygomatic, frontal, alveolar, and 
palatine. 

The body of the maxilla is pyramidal in shape. It has four surfaces — ^anterior, posterior, 
orbital, and nasal — and encloses a large cavity, termed the maxillary . sinus. 


Fig. 380. — ^The left maxUla. Lateral aspect. 
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The anterior surface (fig. 380) is directed forwards and laterally. Its lower part displays 
a number of slight elevations, which correspond to the positions of the roots of the upper 
teeth. Above those of the incisor teeth there is a slight depression, named the incisive 
fossa, which gives origin to the depressor septi ; to the alveolar border below the fossa a 
slip of the orbicularis oris is attached ; above and lateral to the fossa, the compressor naris 
muscle arises. Lateral to the incisive fossa there is a larger and deeper depression, named the 
canine fossa ; it is separated from the incisive fossa by the canine eminence, which corre- 
sponds to the socket of the canine tooth ; the fossa gives origin to the levator anguli oris 
(caninus) muscle. Above the canine fossa the infra-orhital foramen the anterior end ' 

of the infra-orbital canal ; it transmits the infra-orbital vessels and nerve. Above the 
foramen a sharp border marks the junction of the anterior and orbital surfaces. This border 
forms a small part of the circumference of the orbital opening, and gives origin to the 
levator labii superioris (infra-orbital head of the quadratus labii superioris). On the medial 
side, the anterior surface is limited by a deep concavity, termed the nasal notch ; the margin 
of the notch gives attachment to the dilator naris and ends below in a pointed process 
which, with the corresponding process of the opposite maxfila, forms the anterior nasal 
spine. 

The posterior surface [infratemporal surface) (fig. 380) is convex, directed backwards and 
laterally, and forms the anterior wall of the infratemporal fossa. It is separated from the 
anterior surface by the zygomatic process and by a ridge which runs upwards to that process 
from the socket of the first molar tooth. It presents near its centre the apertures of 
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two or three dental canals, which transmit the posterior superior dental vessels and nerves. 
At the lower part of this surface there is a round eminence, termed the maxillary tvherosity, 
which is rough for articulation with the tubercle (p 5 rramidal process) of the palatine bone 
(fig. 380) ; it gives origin to a few fibres of the mecfial pterygoid muscle and, in some cases, 
articulates with the lateral pterygoid plate of the sphenoid bone. Above thia a smooth 
surface forms the anterior boundary of the pterygopalatine fossa and is grooved for the 
maxillary nerve ; the ^oove for this nerve is directed laterally and slightly upwards and 
is continuous with the infra-orbital groove on the orbital surface. 

The orbital surface (fig. 380) is smooth and triangular, and forms the greater part of the 
floor of the orbit. Its medial border presents anteriorly a notch, termed the lacrimal notch, 
behind which it articulates from before backwards with the lacrimal bone, the orbital plate 
of the ethmoid, and the orbital process of the palatine bone (fig. 383). Its posterior border 
is smooth and rounded ; it forms the greater part of the anterior margin of the inferior 
orbital fissure, and its middle part is notched by the commencement of the infra-orbital 


Fig-. 381. — Outline of left maxiUa, showing muscular attachments. 



groove. The anterior border forms a small part of the circumference of the orbital opening 
and is continuous medially with the lacrimal crest on the frontal process (p. 314). The 
infra-orbital groove, for the passage of the infra-orbital vessels and nerve, begins at the 
middle of the posterior border, where it is continuous with the groove near the upper edge 
of the posterior surface ; it passes forwards and ends in the infra-orbital canal, which opens 
on the anterior surface of the bone just below the infra-orbital margin. At the medial and 
front part of the orbital surface, and lateral to the lacrimal groove, the origin of the 
inferior oblique muscle of the eyeball may be marked by a small depression. 

The nasal surface (fig. 382) presents in its upper and posterior part a large, irregular 
opening, termed the maxillary hiatus, which leads into the maxillary sinus. At the upper 
border of this aperture there are some broken air-sinuses, which, in the articulated skull, are 
closed by the ethmoid and lacrimal bones. Below the maxiUary hiatus a smooth concave 
surface forms part of the inferior meatus of the nasal cavity, and behind it there is a rough 
surface for articulation with the perpendicular plate of the palatine bonp ; this rough sur- 
face is traversed by a groove, which begins near the middle of the posterior border, runs 
obliquely downwards and forwards, and is converted into the greater palatine caml [pterygo- 
palatine canal) by the perpendicular plate of the palatine bone. In front of the maxillary 
hiatus a deep groove, which is continuous above with the lacrimal groove (p. 312), constitutes 
about two-thirds of the circumference of the nasolacrimal canal, the remaining one-third 
being formed by the descending part of the lacrimal bone and the lacrimal process of the 
ioferior nasal concha (fig. 372) ; this canal opens into the inferior meatus of the nose 
(fig. 368) and transmits the nasolacrimal duct. More anteriorly the bone is marked by an 
oblique ridge, termed the concJial crest, for articulation with the inferior nasal concha. 
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The shallow concavity below this ridge forms part of the inferior meatus of the nose, and the 
surface above the ridge part of the atrium of the middle meatus. 

The maxillary sinus (figs. 382, 383) is a large pyramidal cavity within the body of the 
maxilla. Its walls are thin and correspond to the nasal, orbital, anterior, and posterior 
surfaces of the body of the bone. Its apex^ which is directed laterally, is formed by the 
zygomatic process ; its hose, or nasal wall, which faces medially, is formed by the lateral 
wall of the nose and presents the maxillary hiatus in the disarticulated bone. In the 
articulated skull this aperture is much reduced in size by the following bones : the uncinate 
process of the ethmoid and the descending part of the lacrimal bone above, the maxillary 
process of the inferior nasal concha below, and the perpendicular plate of the palatine 
bone behind (figs. 368, 383). The maxillary sinus communicates with the middle meatus 
of the nose, generally by two small apertures, one of which is usually closed by mucous 
membrane in the recent state. The posterior wall is pierced by the dental canals^ which 
transmit the posterior superior dental vessels and nerves to the molar teeth ; these canals 
occasionally project ridges into the maxillary sinus. The floor is formed by the alveolar 


Fig. 382. — ^The left maxilla. Medial aspect. 

With frontal bone 



process of the maxilla, and its lowest part is usually about 1*25 cm. below the level of 
the floor of the nasal cavity. In a large proportion of bones radiating septa of varying 
sizes spring from the floor of the sinus in the intervals between adjacent teeth ; in some 
cases the floor is perforated by the fangs of the molar teeth.* The infra-orbital canal 
usually projects into the sinus a wefl-marked ridge extending from the roof to the anterior 
wall. The size of the cavity varies in different skulls, and even on the two sides of the 
same skull.| (PI. I.) 

Applied Anatomy . — The extreme thinness of the walls of this cavity affords an explana- 
tion of the fact that a tumour growing from the maxillary sinus and encroaching upon 
the adjacent parts may push up the floor of the orbit, and displace the eyeball ; may 
project into the nose ; may protrude forwards on to the cheek j or may make its way 
backwards into thp infratemporal fossa, or downwards into the mouth. 

The zygomatic process of the maxilla is a rough, pyramidal eminence, situated at the 
angle of separation of the anterior, posterior and orbital surfaces. In front it forms part 

* The number of teeth whose roots are in relation with the floor of the maxillary sinus 
is variable. The sinus may extend so as to be in relation to all the teeth of the true maxilla, 
from the canine to the third molar. — (Salter.) 

f Logan Turner (op, cit.) gives the following rneasurements for an adult sinus of average 
size : vertical height opposite first molar tooth, 3*5 cm. ; transverse breadth, 2*5 cm. ; and 
anteroposterior depth, 3*2 cm. 
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of the anterior surface of the body of the bone ; hehM, it is concave, and continuous with 
the posterior surface ; abovef it is rough and serrated for articulation with the zygomatic 
bone ; heloWf it presents a prominent arched border, which separates the anterior from the 
posterior surface. 

The frontal process of the maxilla projecte upwards and backwards between the nasal 
and lacrimal bones (figs. 330, 383). Its lateral surface (fig. 380) is divided by a vertical 
ridge, termed the lacrirrial crest, which gives attachment to the medial palpebral ligament 
and is continuous below with the infra-orbital margin. At the junction of the crest with 
the orbital surface there is a small tubercle, which serves as a guide to the position of the 
lacrimal sac. The part in front of the lacrimal crest is smooth and merges below with the 
anterior surface of the body ; it gives attachment to a portion of the orbicularis oculi and 
to the levator labii superioris alseque nasi (angular head of the quadratus labii superioris). 
Behind the lacrimal crest there is a vertical groove which assists the groove on the lacrimal 
bone to complete the lacrimal groove for the lodgement of the lacrimal sac. 


Fig. 383. — The left maxillary sinus. Opened from the lateral side. 
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The medial surface of the frontal process (fig. 382) forms a portion of the lateral waU of 
the nasal cavity. A rough, uneven area at its upper part articulates with the ethmoid 
bone and closes the anterior ethmoidal sinuses. Below this rough area there is an oblique 
ridge, termed the ethmoidal orest, the posterior part of which articulates with the middle 
nasal concha, while the anterior part is termed the agger nasi ; the ethmoidal crest forms 
the upper limit of the atrium of the middle meatus of the nose. The upper end of the frontal 
process articulates with the nasal notch of the frontal bone, the anterior border with the 
nasal bone, and the posterior border with the lacrimal bone. 

The alveolar process of the maxilla is thick and arched, broader behind than in front, 
and excavated to form sockets (alveoli) for the reception of the roots of the teeth. These 
cavities are eight in number and vary in size and depth according to the teeth they contain. 
That for the canine tooth is the deepest ; those for the molars are the widest, and are sub- 
divided into three minor sockets by septa ; those for the incisors and the second premolar 
are single ; that for the first premolar is sometimes divided into two. The buccinator 
muscle arises from the outer surface of this process, as far forward as the first molar tooth. 
When the maxillae are articulated with each other, their alveolar processes together form the 
alveolar arch. 

The palatine process of the maxilla, which is thick and strong, is horizontal and projects 
medially from the lowest part of the nasal surface of the bone. It forms a considerable part 
of the floor of the nasal cavity and the roof of the mouth, and is much thicker in front than 
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behind. Its inferior surface (fig. 384) is concave, rough and uneven, and forms, with the 
palatine process of the opposite bone, the anterior three-fourths of the bony palate. It is 
marked by numerous foramina for the passage of the nutrient vessels and presents depress- 
ions for the lodgement of the palatine glands ; it is channelled at the posterior part of its 
lateral border by two grooves, which lodge the greater palatine vessels and nerve (descending 
palatine vessels and the anterior palatine nerve). When the two maxiUse are articulated, 
a funnel-shape depression, termed the incisive fossa (incisive foramen), is seen in the median 
plane, immediately behind the incisor teeth. In this opening the orifices of two lateral 
canals are visible ; they are named the incisive canals ; each leads upwards into the coire- 
sponding half of the nasal cavity and transmits the terminal branch of the greater palatine 
artery and the long sphenopalatine nerve. Occasionally there are two additional apertures in 
the median plane; they are termed the anterior SboA posterior incisive foramina, and, when pre- 
sent, transmit the long sphenopalatine nerves, the left passing through the anterior, and the 
right through the posterior foramen. On the under surface of the palatine process, a delicate 


Fig. 384.— The bony palate and the alveolar arch. Inferior aspect. 
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suture, well seen in young skulls, may sometimes be noticed extendmg laterally and for- 
wards from the incisive fossa to the interval between the lateral incisor and the canine teeth. 
The small part in front of this suture constitutes the os incisivum (premaxilla), which in 
most vertebrates forms an independent bone : it includes the whole thickness of the al- 
veolus, the corresponding part of the floor of the nose and the anterior nasal spine, and con- 
tains the sockets of the incisor teeth. The upper surface of the palatine process is concave 
from side to side, smooth, and forms the greater part of the floor of the nasal cavity ; close 
to the anterior part of its medial margin the bone is pierced by the upper orifice of the in- 
cisive canal. The lateral harder of the process is fused with the rest of the bone. The medial 
border, thicker in front than behind, is raised into a ridge, termed the nasal crest, which, 
with the corresponding ridge of the opposite bone, forms a groove for the reception of the 
vomer. The front part of this ridge rises to a considerable height and is sometimes named 
the iricisor crest (fig. 382) ; it is prolonged forwards into a sharp process, which, with the 
similar process of the opposite bone, forms the anterior nasal spine. The posterior border is 
serrated for articulation with the horizontal plate of the palatine bone. 

Ossification. — ^The maxilla is developed mainly in membrane. Mall * and Fawcett f have 

* American Journal of Anatomy, vol. v. 1906. 

t Journal of Anatomy and Physiology, vol. xlv. 1911. 
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shown that it is ossified from two principal centres, one for the maxilla proper and one for 
the os inoisivum (premaxilla). These centres appear about the end of the sixth week of 
intrauterine life, that for the maxilla proper above the canine tooth-germ, and that for the os 
inoisivum above the incisor tooth-germs ; the latter centre grows upwards and forms the 
anterior part of the frontal process. These two centres unite at the end of the second or 
early in the third month, but the suture between them (fig. 386) may persist on the palate 
until nearly middle life. At a later stage an additional centre {prevcmierine or paraseptal 
centre) appears for the os inoisivum on the medial side of the corresponding paraseptal 
cartilage. The maxillary sinus appears as a shallow groove (fig. 387) on the nasal surface 


Fig. 385. — The right maxilla at birth. 
Lateral aspect. 



Fig. 386. — ^The right maxilla at birth. • 
Inferior aspect. 



Fig. 387. — ^The right maxilla at birth. Medial aspect. 



Palatine process 


of the bone about the fourth month of intrauterine life, but does not reach its full size until 
after the second dentition. The infra-orbital vessels and nerve lie for a time in an open 
groove in the floor of the orbit ; the anterior part of this groove is converted into the infra- 
orbital canal by a lamina of bone which grows from the lateral side of the groove. 


Changes produced in the Maxilla by Age 

At birth the transverse and anteroposterior diameters of the maxilla are each greater 
than the vertical. The frontal process is well-marked, but the body of the bone consists of 
little more than the alveolar process, the tooth-sockets reaching almost to the floor of the 
orbit. The maxillary sinus is seen as a furrow on the lateral wall of the nose. In the 
adult the vertical diameter is the greatest, owing to the development of the alveolar pro- 
cess and the increase in size of the sinus. In old age the bone reverts in some measure 
to the infantile condition : its height is diminished and, after the loss of the teeth, the 
alveolar process is absorbed (p. 282), and the lower part of the bone contracted and reduced 
in thickness.* 


The Palatine Bones (Ossa Palatina) 

The palatine bones are situated at the posterior part of the nasal cavity, between the 
maxillae and the pterygoid processes of the sphenoid bone (fig. 368). Each assists in forming 
the floor and lateral wall of the nasal cavity, the roof of the mouth, and the floor of the orbit, 
and enters into the formation of the pterygopalatine and pterygoid fossae and the inferior 
orbital fissure. 

The palatine bone bears some resemblance to the letter L, and consists of a horizontal 
and a perpendicular plate, and three processes — viz. the tubercle (pyramidal process), which 

* See references in footnote on p. 282. 


G.A. 


L 
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is directed backwards, laterally and downwards from the junction of the horizontal 
and perpendicular plate, and the orbital and sphenoidal processes, which surmount the 
perpendicular plate and are separated by a deep notch, named the sphenopalatine 
notch. 

The horizontal plate of the palatine bone (figs. 384, 389) is quadrilateral and has two 
surfaces and four borders. The nasal surface, concave from side to side, forms the posterior 


Fig. 388. — The articulation of the left palatine bone with the left maxilla. 



part of the floor of the nasal cavity. The 'palatine surface forms, with the corresponding 
surface of the opposite bone, the posterior one-fourth of the bony palate ; near its posterior 
margin there is a curved ridge, termed the palatine crest » The posterior border is thin and con- 
cave ; to it, and to the palatine surface as far forwards as the palatine crest, the expanded 


Fiq. 389. — ^The left palatine bone. Medial aspect. (Enlarged.) 
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tendon of the tensor palati is attached. The medial end of the posterior border is pointed 
and, when united with that of the opposite bone, forms a projecting process, which gives 
attachment to the museulus uvulae, and is named the posterior nasal spine. The anterior 
border is serrated and articulates with the palatine process of the maxilla. The lateral border 
is united with the inferior border of the perpendicular plate and is grooved by the lower end 
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of the greater palatine groove (pterygopalatine sulcus). The medial border, which is thick 
and serrated, articulates with the corresponding border of the opposite bone, and the 
opposed borders form the nasal crest. This crest articulates with the posterior part of 
the lower edge of the vomer and is continuous anteriorly with the nasal crest of the 
maxillae. 

The perpendicular plate of the palatine bone (figs. 389, 390) is thin and of an oblong 
form, and has. two surfaces and four borders. 

The nasal surface exhibits at its lower part a broad, shallow depression which forms 
part of the inferior meatus of the nasal cavity. Immediately above this the conchal crest 
forms a horizontal ridge for articTdation with the inferior nasal concha ; still higher there 
is a second broad, shallow depression, which forms part of the middle meatus and is limited 
above by the ethmoidal crest for articulation with the middle nasal concha. Above the 
ethmoidal crest there is a narrow, horizontal groove, which forms part of the superior 
meatus. 

The rmxillary surface is rough and irregular throughput the greater part of its extent, 
for articulation with the nasal surface of the maxilla ; its upper and posterior part is 
smooth and forms the medial wall of the pterygopalatine fossa ; its front portion, which is 
also smooth, projects beyond the post- 
erior border of the maxillary hiatus 
and forms the posterior part of the 
medial wall of the maxillary sinus (fig. 

383). On the posterior part of the 
maxillary surface there is a deep 
vertical groove, named the greater 
'palatine groove {pterygopalatine sulcus), 
which in the articulated skull is con- 
verted into the greater palatine cauxil 
{pterygopalatine canal) by the maxilla ; 
this canal transmits the greater palat- 
ine (descending palatine) vessels and 
nerves. 

The anterior border is thin and 
irregular; at the level of the conchal 
crest a pointed, projecting lamina is 
directed forwards below and behind 
the maxillary process of the inferior 
nasal concha, It articulates with the 
latter' and assists in forming the medial 
wall of the maxillary sinus (fig. 383). 

The posterior border (fig. 390) is serrated 
for articulation with the medial pteryg- 
oid plate of the sphenoid bone. This 
border is continuous above with the sphenoidal process ; it expands below into the tubercle 
(pyramidal process) of the palatine bone. The superior border supports the orbital process 
in front and the sphenoidal process behind. These processes are separated by the spheno- 
palatine notch, which is converted into the sphenopalatine foramen by the under surface of 
the body of the sphenoid. In the articulated skull this foramen leads from the pterygo- 
palatine fossa into the posterior part of the superior meatus of the nose, and transmits 
the sphenopalatine vessels and nerves. The inferior border is fused with the lateral border 
of the horizontal plate and, in front of the tubercle (pyramidal process), is marked by the 
lower end of the greater palatine groove. 

The tubercle (pyramidal process) of the palatine bone projects backwards, laterally, and 
downwards from the junction of the horizontal and perpendicular plates of the bone, and 
fits into the angular interval between the lower ends of the pterygoid plates. On i\B posterior 
surface there is a smooth, grooved, triangular area, limited on each side by a rough articular 
furrow. The furrows articulate with the pterygoid plates, while the grooved triangular area 
completes the lower part of the pterygoid fossa and gives origin to some fibres of the medial 
pterygoid muscle. The anterior part of the lateral surface is rough for articulation with the 
maxillary tuberosity ; the posterior part consists of a smooth triangular area, which 
appears, in the articulated skull, at the lower part of the infratemporal fossa between the 
maxillary tuberosity and the lateral pterygoid plate (fig. 317). The inferior surface of the 
tubercle, close to its union with the horizontal plate of the bone, presents the lesser 
palatine foramina for the transmission of the lesser (middle and posterior) palatine nerves 
(fig. 384). 

The orbital process of the palatine bone (figs. 389, 390) is directed upwards and laterally 
from the front of the perpendicular plate, to which it is joined by a constricted neck. It 
encloses an air-sinus, and presents three articular and two non-axticular surfaces. Of the 
articular surfaces : (l)*the anterior or 'maxillary, of an oblong form, is directed forwards, 
laterally, and downwards, and articulates with the maxilla ; (2) the posterior or sphenoidal. 


Fiq. 390. — ^The right palatine bone. Posterior 
aspect. 
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directed backwards, upwards, and medially, presents the opening of the air-sinus, which 
usually communicates with the sphenoidal sinus ; the margins of the opening articulate 
with the sphenoidal concha ; (3) the medial or ethmoidal is directed medially and forwards, 
and articulates with the labyrinth of the ethmoid bone. In some cases, the air-sinus opens 
on this surface and then communicates with the posterior ethmoidal sinuses ; more rarely it 
opens on the ethmoidal and sphenoidal surfaces, and then communicates with the posterior 
ethmoidal sinuses and the sphenoidal sinus. Of the non-articular surfaces : (1) the superior 
or orbital, triangular in shape, is directed upwards and laterally, and forms the posterior 
part of the floor of the orbit ; and (2) the lateral, of an oblong form, is directed towards the 
pterygopalatine fossa and is separated from the orbital surface by a rounded border, which 
forms the medial part of the lower margin of the inferior orbital Assure ; the lower part of 
this surface may present a groove, directed laterally and upwards, which lodges the maxillary 
nerve and is continuous with the groove on the upper part of the posterior surface of the 
maxilla (p. 317). The border between the lateral and posterior surfaces is prolonged down- 
wards as the anterior boundary of the sphenopalatine notch. 

The sphenoidal process of the palatine bone (figs. 389, 390) is a thin, compressed plate, 
smaller and on a lower level than the orbital process ; it is directed upwards and medially. 
Its superior surface articulates with the under surface of the sphenoidal concha and the root 
of the medial pterygoid plate ; it presents a groove which contributes to the formation of the 
palatinovaginal (pharyngeal) canal. The inferomedial surface is concave and forms a small 
part of the roof and lateral wall of the nasal cavity. The posterior part of the lateral surface 
articulates with the medial pterygoid plate ; the anterior part is smooth and forms a portion 
of the medial wall of the pterygopalatine fossa. The posterior border is rough and articulates 
with the vaginal process of the medial pterygoid plate. The anterior border forms the posterior 
boundary of the sphenopalatine notch. The medial border articulates with the ala of the 
vomer. 

The orbital and sphenoidal processes are separated from each other by the spheno^ 
palatine notch, which is converted into the sphenopalatine foramen by the under surface of 
the body of the sphenoid ; sometimes the two processes are united by a spicule of bone 
which converts the notch into a foramen. 

Ossification. — ^The palatine bone is ossified in membrane from one centre, which appears 
during the eighth week of intrauterine life in the perpendicular plate of the bone. From 
this point ossification spreads upwards into the orbital and sphenoidal processes, medially 
into the horizontal plate, and downwards into the tubercle. 

At the time of birth the height of the perpendicular plate is about equal to the trans- 
verse width of the horizontal plate, whereas in the adult it measures nearly twice as much. 


The Zygomatic Bones [Ossa Zygomatica] 

The zygomatic bones are situated in the upper and lateral parts of the face. Each forms 
the prominence of the cheek, and contributes to the formation of the lateral wall and floor 
of the orbit and to the walls of the temporal and mfratemporal fossae (flg. 391). 

The zygomatic bone is quadrangular in shape, but has a flange-like projection from 
the anterior part of its medial aspect. It has three surfaces, flve borders and two 
processes. 

The lateral surface (figs. 391, 392), directed laterally and forwards, is convex and is 
pierced near its orbital border by the zygornaticofacial foramen (which is often double), for 
the passage of the zygomaticofacial nerve and vessels ; below this foramen a slight elevation 
gives origin to the zygomaticus minor (zygomatic head of quadratus labii superioris), and 
more posteriorly the zygomaticus major (zygomaticus) takes origin. The temporal surface 
(fig. 393), which is directed medially and backwards, is concave. It presents anteriorly a 
roughened area for articulation with the maxilla, and posteriorly a smooth, concave area, 
which extends upwards on the posterior aspect of the frontal process to form the anterior 
boundary of the temporal fossa. It also extends backwards on the medial aspect of the 
temporal process to form an incomplete lateral wall for the infratemporal fossa. The 
zygomaticotemporal foramen, for the transmission of the nerve of the same name, pierces 
this surface near the base of the frontal process., The orbital surface (fig. 393), smooth and 
concave, forms the anterolateral part of the floor and the adjoining part of the lateral wall 
of the orbit, extending upwards on to the medial aspect of the frontal process. It usually 
presents the orifices of two canals, termed the zygomatico-orbital foramina, one of which leads 
to the zygomaticofacial and the other to the zygomaticotemporal foramen. 

The anterosvperior or orbital border is smooth and concave, and forms a considerable 
part of the circumference of the orbital opening, below and on the lateral side. It separates 
the orbital from the lateral surface. The antero-inferior or maxillary border is rough and 
articulates with the maxilla ; its medial extremity is pointed and lies above the infra- 
orbital foramen ; near the orbital margin it gives origin to a part of the levator labii 
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superioris. The posteros'u/perior or tempc^al border is curved like the italic letter /, and is 
continuous above with the posterior border of the frontal process and below with the upper 
border of the zygomatic arch ; it gives attachment to the temporal fascia. A little below 
the frontozygomatic suture this border presents a small, rounded projection, termed the 


Tig, 391. — ^The left zygomatic bone in situ. 



marginal tubercle, which can be felt easily through the skin. The postero4nferior or zygo- 
matic border affords attachment by its rough edge to the masseter muscle. The postero- 
medial border is serrated for articulation with the greater wing of the sphenoid above, and the 
orbital surface of the maaiUa below. Between these two sen?ated portions there is usually 
a short, concave, nonarticular part, which forms the lateral boundary of the inferior orbital 


Fio. 392. — The left zygomatic bone. 
Lateral aspect. 


Fig. 393. — ^The left zygomatic bone. 
Medial aspect. 


Frontal proem 



fissure. This non-artioular part is sometimes absent, and the fissure is then completed by 
the^ junction of the maxilla and the sphenoid bone, or by the interposition of a small sutural 
bone in the angular interval between them. 

The/rowtoZ process is thick and serrated ; it articulates above with the zygomatic process 
of the frontal bone and behind with the greater wing of the sphenoid. On its orbital aspect, 
* just within the orbital opening and about 11 mm. below the frontozygomatic suture, there 
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is a tubercle of varying size and form, but present in 95 per cent, of skulls (Whitnall).* 
The temporal process is directed backwards and ends in an oblique, serrated margin which 
articulates with the zygomatic process of the temporal bone, and helps to form the zygomatic 
arch. 

Ossification. — ^The zygomatic bone is ossified from one centre, which appears about the 
eighth week of intrauterine life. The bone is sometimes divided by a horizontal suture into 
an upper larger, and a lower smaller division. 


The Differences in the Skull due to Age 


At birth the skull is large in proportion to the other parts of the skeleton, 
but the base is short and narrow in proportion to the vault ; the facial portion 
is smaU and equals only about one-eighth of the size of the cranium as compared 

with one-half in the adult. The 


Fig. 394. — The skull at birth, showing the anterior 
and posterior fontanelles. Superior aspect. 



frontal and parietal eminences 
are prominent, and when the 
skull is viewed from above it 
presents a pentagonal outline 
with its greatest width at the 
parietal eminences (fig. 394) ; 
on the other hand, the glabella, 
superciliary arches, and mastoid 
processes are not developed. 
Ossification of the skull bones 
is not completed, and many of 
them — e.g. the occipital, temp- 
orals, sphenoid, frontal, and 
mandible — consist of more than 
one piece. Unossified membran- 
ous intervals, termed fontanelles 
(fonticuli), are seen at the angles 
of the parietal bones ; these 
fontanelles are six in number ; 
two, the anterior and posterior, 
are situated in the median 
plane, and two, the antero- 
lateral and posterolateral, on 
each side. 

The anterior fontanelle (fig. 
394) is the largest, and is placed 
at the junction of the sagittal, 
coronal, and frontal sutures ; it 


is lozenge-shaped, and measures 
about 4 cm. in its anteroposterior and 2*5 cm. in its transverse diameter. The 
posterior fontanelle (fig. 394) is triangular in form and is situated at the junc- 
tion of the sagittal and lambdoid sutures. The anterolateral and posterolateral 
fontanelles (fig. 395) are small, irregular in shape, and correspond respectively 
with the antero-inferior and postero-inferior angles of the parietal bones. .Am 
additional fontanelle is sometimes seen in the sagittal suture at the region of 
the obelion (p. 328). 

The fontanelles are usually closed by the growth and extension of the bones 
which surround them, but sometimes they are the sites of separate centres of 
ossification which develop into sutural bones. The posterior and anterolateral 
fontanelles are obliterated within two or three months after birth ; the postero- 
lateral fontanelle is usually closed about the end of the first year, and the anterior 
fontanelle about the middle of the second year. 

The smallness of the face at birth is mainly accounted for by the rudimentary 
condition of the mandible and maxillse, the non-eruption of the teeth, and the 


* S . E . Whitnall, The Anatomy of the Human Orbit, 1921 . — The structures attached to this 
tubercle are : (1) the ‘ check ligament ’ of the rectus lateralis ; (2) part of the aponeurosis 
of the levator palpebrss superioris ; (3) the suspensory ligament of the eyeball ; and (4) the 
lateral palpebral ligament. 
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small size of the maxillary sinuses and nasal cavity. At birth the nasal cavity 
lies almost entirely between the orbits, and the lower border of the anterior 
nasal aperture is only a little below the level of the orbital floor. With the 
eruption of the deciduous teeth there is an enlargement of the face and jaws, 
and these changes are still more marked after the second dentition. 

The skull grows rapidly from birth to the seventh year, but the greater part 
of the increase of its cranial part occurs during the first year owing to the 
rapidity of the growth of the braiu in that period (p. 123). Growth in length 
occurs at the coronal suture and at the other sutures which are parallel with it ; 
growth in breadth, at the sagittal and parallel sutures ; growth in height, at 
the parietotemporal and at the other sutures which lie in a transverse plane. 
Towards the end of the second year the mastoid process makes its appearance, 
and the tympanic ring lengthens to form the bony part of the external auditory 
meatus (p. 302). As a res^t the styloid process and the stylomastoid foramen, 
which are relatively superficial in the newly-born child, become more deeply 


Fig. 396. — The skull at birth, showing the anterolateral and posterolateral fontanelles. 
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situated. At the seventh year the cribriform plate of the ethmoid bone, the 
foramen magnum, and the petrous parts of the temporal bones have reached 
their full size, and the orbits are only a little smaller than those of the adult. 
Growth is slow from the seventh year until the approach of puberty, when 
a second period of increased activity occurs : this results in an enlargement 
in all directions, but especially in the frontal and facial re^ons, where it 
is associated with the development of the air-sinuses. The enlargement of the 
cranium is effected, in its latter stages, by absorption from the iniler surface 
and by bone deposition on the outer surface. This process chiefly affects the 
bones of the vault and of the lateral aspects of the skull. 

Obliteration of the sutures of the vault of the skull takes place as age 
advances. It may commence between the ages of thirty and forty on the inner 
surface, and about ten years later on the outer surface of the skull, but the times 
at which the sutures are closed are subject to great variations. Obhteration 
usually occurs first in the lower part of the coronal suture, next in the posterior 
part of the sagittal suture, and then in the lambdoid suture. 

In old age the skuU generally becomes thinner and lighter, but in a small 
proportion of cases it increases in thickness and weight. The most striking 
feature of the senile skuU is the diminution in the size of the mandible and 
maxillse consequent on the loss of the teeth and the absorption of the alveolar 
processes. This is associated with a marked reduction in the vertical measure- 
ment of the face and with an alteration in the angles of the mandible (p. 282), 
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The Sex Diefeeences in the Skull 

Until the age of puberty there is little difference between the skuU of the 
female and that of the male. The skull of an adult female is as a rule lighter 
and smaller, and its capacity is about 10 per cent, less, than that of the male. 
Its walls are thinner and its muscular ridges less marked ,* the glabella, super- 
ciliary arches, and mastoid processes are less prominent, and the corresponding 
air-sinuses are small or rudimentary. The upper margin of the orbit is sharp, 
the forehead vertical, the frontal and parietal eminences prominent, and the 
vault somewhat flattened. The contour of the face is rounder, the facial bones 
are smoother, and the mandible and maxillae and their contained teeth smaller. 
Speaking generally, more of the infantile characteristics are retained in the 
skuU of the adult female than in that of the adult male. A well-marked male 
or female skuU can easily be recognised as such, but in some skuUs the respective 
characteristics are so indistinct that the determination of the sex may be 
difficult or impossible.* 


Craniology 

Skulls vary in size and shape, and the term craniology is applied to the study of these 
variations. 

The capacity of the cranial cavity constitutes a good index of the size of the brain 
which it contained, and is most conveniently arrived at by filling the cavity with shot and 
measuring the contents in a graduated vessel. Skulls may be classified according to their 
capacities as follows : 

1. Microcephalic, with a capacity of less than 1350 c.cm. — e.g. those of native Aus- 
tralians and Andaman Islanders. 

2. MesocephaliCf with a capacity of from 1350 c.cm. to 1450 c.cm. — e.g. those of African 
negroes and Chinese. 

3. Megacephdic, with a capacity of over 1450 c.cm. — e.g. those of Europeans, Japanese 
and Eskimos. 

In comparing the shape of one skull with that of another it is necessary to adopt some 
definite position in which the skulls should be placed during the process of examination. 
They should be so placed that a line carried through the lower margin of the orbit and 
upper margin of the opening of the external auditory meatus is in the horizontal plane. 
The normae of one skuU can then be compared with those of another, and the differences 
in contour and surface-form noted. Further, it is necessary that the various linear measure- 
ments used to determine the shape of the skull should be made between definite and easily 
localised points on its surface. The principal points may be divided into two groups : 
(1) those in the median plane, and (2) those on either side of it (fig. 396). 

The points in the median plane are the : 

, Pogcmion. The most prominent point of the chin. 

Alveolar point or prosthion. The central point of the anterior margin of the upper 
alveolar arch. 

Akanihion. The tip of the anterior nasal spine. 

JSuhnasal point. The middle of the lower border of the anterior nasal aperture, at the 
base of the anterior nasal spine. 

Bhinion, The most prominent point of the internasal suture. 

Nasion, The central point of the frontonasal suture. 

Glabella, The point in the median plane at the level of the superciliary arches. 

Ophryon, The point in the median plane of the forehead at the level where the temporal 
lines most nearly approach each other. 

Bregma, The meeting point of the coronal and sagittal sutures. 

Ohdion. A point on the sagittal suture on a level with the parietal foramina. 

Lambda, The point of junction of the sagittal and lambdoid sutures. 

Occipital point. The point in the median plane of the occipital bone farthest from the 
glabella. 

Inion, The most prominent point on the external occipital protuberance in the median 
plane. 

OpistMon, The mid-point of the posterior margin of the foramen magnum. 

Basion, The mid-point of the anterior margin of the foramen magnum. 

• Some additional differences between the male and female skull are given by F. G. 
Parsons and Lucas Keene, Journal oj Anatomy, vol. liv. 1919. 



PLATE I 




Fig. 1. — Radiograph of skull. Lateral view. Crosses are placed on the 
frontal, the maxillary and the sphenoidal sinuses. Behind the last-named, 
the hypophyseal fossa can be identified. The dense white area below and 
behind the fossa is due to the petrous part of the temporal bone. 


Fig. 2. — Radiograph of adult skull. Frontal view. 1 =maxillary sinus ; 2 = frontal 
sinus. The arrow is directed towards the mastoid air-cells. 



Fig. 1. — Radio- 
graph of the cervical 
vertebrae. Lateral 
view. 1 = anterior 
arch of atlas ; 2 = 
spine of axis. The 
curvature is abnor- 
mal. 


Fig. 2. — Radio- 
giuph of the lumbar 
vertebrai, after in- 
travenous injection 
of iiroselectan, B. 
Anterior view. The 
ureters and their 
pelves, and the 
major and minor 
calyces are well 
shown. Note the 
cupping at the ex- 
tremities of the 
minor calyces. Note 
also the relation of 
the ureter to the 
transverse processes 
and that the lateral 
edge of the leftPsoas 
major muscle can 
be recognised. The 
arrow points to the 
shadow of the right 
kidney. 
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The points on each side of the median plane are the ; 

Oonion. The outer margin of the angle of the mandible. 

Jugal point. The angle between the temporal border of the zygomatic bone and the 
upper border of the zygomatic arch. 

Dacryon. The point of union of the anterosuperior angle of the lacrimal with the frontal 
bone and the frontal process of the maxilla. 

Pterion. This point is the centre of the circular area of the same name (p. 251). 

StepJ^nion. The point where the temporal line intersects the coronal suture. 

Auricular point,. The centre of the orifice of the external auditory meatus. 

Supra-auricuT^r point. A point on the posterior root of the zygomatic arch, above the 
middle of the orifice of the external auditory meatus. 

Asterion. The point of meeting of the lambdoid, occipitomastoid, and parietomastoid 
sutures. 

The Ji^zontal circumference of the cranium is measured in a plane passing through the 
glabella in front, and the occipital point behind ; it averages about 50 cm. in the female 
and 52*5 cm. in the male. 


Fig. 396. — ^An outline of the left side of the skull. 
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The occipitofrontal or longitudinal arc is measured from the nasion over the median plane 
of the vertex to the opisthion, while the basinasal length is the distance between the basion 
and the nasion. These two measurements, plus the anteroposterior diameter of the foramen 
magnum, represent the vertical circumference of the cranium. 

The length is measured from the glabella to the occipital point, while the breadth or 
greatest transverse diameter is usually found a little above and behind the opening of the 


breadth x 100 . 


is termed 


external auditory meatus. The proportion of breadth to length _ 

the cephalic index or index of breath. length 

The height is measured from the basion to the bregma, and the proportion of height to 

length constitutes the vertical or height index. 

In studying the face the principal points to be noticed are the proportion of its length 
to its breadth, the shape of the orbits and of the anterior nasal aperture, and the degree of 
projection of the jaws. 

The length of the face is measured from tbe nasion to the lower margin of the mandible, 
or, if the mandible be wanting, to the alveolar point ; its width is the distance between 
the zygomatic arches. By comparing the length with the width of the face, skulls may 
be divided into two groups ; dblichofacial (long-faced) and brachyfacial (short-faced). 

The orbital index signifies the proportion which the orbital height bears to the orbital 
width, thus : 

orbital height x 100 
orbital width 
n2 


O.A. 
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The 'iULsal index expresses the proportion which the width of the anterior nasal aperture 
bears to the height of the nose, the latter being measured from the nasion to the subnasal 

point, thus . nasal width x 100 

nasal height 


The degree of projection of the jaws is determined by the gnathic or alveolar index ^ 
which represents the proportion between the basi-alveolar and basinasal lengths, thus : 

basi-alyeolar length x 100 
basinasal length 

The dental index is arrived at by comparing the dental length (i.e. the distance between 
the anterior surface of the first premolar and the posterior surface of the third molar tooth 
of the maxilla) with the basinasal length, thus : 


dental length x 100 
basinasal length 


The following table, modified from that given by Duckworth,* illustrates how some of 
these indices may be utilised in the classification of skulls : 


IlTDEJX. 

Classification. 

NOMENOLATUnE. 

Examples. 

1. Cephalic . 

Below 75 . 

Between 75 and 80 
Above 80 . 

Dolichocephalic . 

Mesaticephalic 
Brachycephalic . 

Kaffirs and Native 
Australians 

Europeans and Chinese 
Mongolians and Anda- 
mans 

2. Orbital . 

Below 84 . 

Between 84 and 89 
Above 89 . 

Mioroseme . 

Mesoseme . 
Megaseme . 

Tasmanians and Native 
Australians 

Europeans 

Chinese and Polyne- 
sians 

3. Nasal 

Below 48 . 

Between 48 and 53 
Above 53 . 

Leptorhine . 
Mesorhine . 
Platyrhine . 

Europeans 

Japanese and Chinese 
Negroes and Native 
Australians 

4. Gnathic . 

Below 98 . . . 

Between 98 and 103 . 
Above 103 . 

Orthognathous . 

Mesognathous 

Prognathous 

Europeans 

Chinese and Japanese 
Native Australians 


Applied Anatomy , — ^The chief function of the skull is to protect the brain, and therefore 
those portions of the skull which are most exposed to external violence are thicker than 
those which are shielded from injury by overlying muscles. Thus, the skull- cap is thick 
and dense, whereas the squamous temporal, being protected by the temporal muscles, and 
the inferior occipital fossae, being shielded by the muscles at the back of the neck, are«thin 
and fragile. Additional features which tend to prevent fracture of the skull are its elasticity, 
its rounded shape, and its construction of a number of secondary elastic arches, each made up 
of a single bone. The manner in which vibrations are transmitted through the bones of the 
skull is also of importance as regards its protective mechanism, at all events as far as the base 
is concerned. In the vault, the bones being of a fairly equal thickness and density, vibra- 
tions are transmitted in a uniform manner in all directions, but in the base, owing to the 
varying thickness and density of the bones, this is not so ; and therefore in this situation 
there are special buttresses which serve to carry the vibrations in certain definite direc- 
tions. At the front of the skull, on each side, is the ridge which separates the anterior 
from the middle fossa of the base ; and behind, the ridge or buttress which separates the 
middle from the posterior fossa ; and if any violence is applied to the vault, the vibrations 
would be carried along these buttresses to the sella turcica, where they meet. This part has 
been termed the ‘ centre of resistance,’ and here there is a special protective mechanism 
to guard the brain. The subarachnoid cavity at the base of the brain is dilated, and the 
cerebrospinal fiuid which fills it acts as a water- cushion to shield the brain from injury. 
In like mamer, when violence is applied to the base of the skull, as in falls upon the feet, 
the vibrations are carried backwards through the occipital crest, and forwards through 
the basilar part of the occipital and body of the sphenoid bone to the vault of the skull. 

* W. L. H. Duckworth, Morphology and Anthropology , Cambridge University Press. 
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Fractures of the vault of the skull generally involve the whole thickness of the bone ; but 
sometimes the inner table alone is fractured, and portions of it driven inwards. In fractures 
of the skull, and especially in punctured fractures, the inner table is more splintered and 
comminuted than the outer, and this is due to several causes. It is thinner and more brittle ; 
the force of the violence as it passes inwards becomes broken up and is more diffused by 
the time it reaches the inner table ; the bone being in the form of an arch bends as a whole 
and spreads out, and thus presses the particles together on the convex surface of the arch, 
i.e. the outer table, and forces them asunder on the concave surface or inner table ; and, 
lastly, there is nothing firm under the inner table to support it and oppose the force. 

The most common place for fracture of the base to occur is through the middle fossa, 
and here the fissure usually takes a fairly definite course. Starting from the point struck, 
which is generally somewhere in the neighbourhood of the parietal eminence, it runs down- 
wards through the parietal and the squamous temporal and across the petrous portion, fre- 
quently traversing and implicating the internal auditory meatus, to the foramen lacerum. 
Fbrom this it may pass across the body of the sphenoid, through the sella turcica, to the 
foramen lacerum of the other side, and may indeed travel roimd the whole cranium so as 
to separate completely the anterior from the posterior part. The course of the fracture 
explains the symptoms to which fracture in this region may give rise : thus if the fissure 
passes across the internal auditory meatus injury to the facial and auditory nerves may 
result, with consequent facial paralysis and deafoiess ; if the fissure extends through the 
semicircular ducts giddiness will be complained of, especially on turning the head sideways ; 
or the tubular prolongation of the arachnoid around the nerves in the meatus may be 
torn and thus permit of the escape of the qerebrospinal fluid, should there be a communi- 
cation between the internal ear and the tympanic cavity together with rupture of the 
tympanic membrane, as is frequently the case : again, if the fissure passes across the sella 
turcica, and the mucoperiosteum covering the under surface of the body of the sphenoid 
bone is tom, blood will find its way into the pharjmk and be swallowed, and after a time 
vomiting of blood will result. Fractures of the anterior fossa, involving the bones forming 
the roof of the orbit and nasal cavity, are generally the result of blows’ on the forehead ; 
but fracture of the cribriform plate of the ethmoid may be a complication of fracture of 
the nasal bone. When the fracture implicates the roof of the orbit, the blood finds its 
way into this cavity, and travelling forwards, appears as a subconjunctival ecchymosis. 
If the roof of the nasal cavity be fractured, the blood escapes from the nose. In rare cases 
there may be also escape of cerebrospinal fluid from the nose, should the dura mater and 
arachnoid have been torn. 

The bones of the face are sometimes fractured as the result of direct violence. Those 
most commonly broken are the nasal bones and the mandible ; the latter is by far the 
most frequently fractured of all the facial bones. Fracture of the nasal hone is for the most 
part transverse, and takes place about 1*25 cm. from the free margin. The broken por- 
tion may be displaced backwards or more generally to one side by the force which pro- 
duced the lesion. The most common situation for a fracture of the mandible is in the 
neighbourhood of the canine tooth, as at this spot the bone is weakened by the deep socket 
for the root of this tooth ; it is next most frequently fractured at the angle ; then at the 
symphysis ; and finally the neck of the mandible or the coronoid process may be broken. 
Occasionally a double fracture may occur, one in either half of the bone. The fractures are 
usually compound, from laceration of the mucous membrane covering the gums. 


THE LIMBS 

The upper and lower limbs are constructed after a common type, but the differ- 
ent functions for which they have become adapted in man have led to structural 
differences of a very definite kind. Each limb has a girdle, which connects it 
to the trunk, and three segments. The terminal segment in the upper limb is 
the hand and is specially adapted for prehension. In the lower limb the terminal 
segment is the foot and is primarly adapted to constitute an efficient supporting 
base for the body in the erect attitude, but it is, at the same time, constructed 
in such a manner as to facilitate locomotion (p. 516). In order that the fiill 
benefit of the prehensile character of the hand may be obtained, the living upper 
hmb is characterised by the wide range of movement which it enjoys — ^in some 
situations, e.g. the shoulder-joint, actually at the expense of stability. In the 
hving lower limb, on the other hand, the demand for stability is the prime factor, 
and stabihty is assured, even although some degree of mobility may be sacrificed 
for the purpose. 

The bones by which the upper and lower limbs are attached to the trunk 
constitute, respectively, the shoulder and pelvic girdles. The shoulder girdle^ 
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which is formed by the scapulae and the clavicles^ is deficient both in front and 
behind. In fronts however, it is completed by the upper end of the sternum, with 
which the medial ends of the clavicles articulate. Behind, the scapulae are separated 
from each other by a wide gap and are connected to the trunk by muscles only. 
The pelvic girdle is formed by the hip bones, which articulate with each other in 
front at the pubic symphysis so that tiie girdle is complete anteriorly. Posteriorly 
the girdle is incomplete, but the gap is filled by the upper part of the sacrum, with 
which the hip bones articulate. The pelvic girdle, wiA the sacrum, forms a com- 
plete ring, massive and comparatively rigid, in marked contrast with the lightness 
and mobility of the shoulder girdle. 


THE BONES OE THE UPPER LIMB 
THE SCAPULA (figs. 397, 398, 399) 

General features. — The scapula is a large, flattened, triangular bone which lies 
on the posterolateral aspect of the chest wall, covering parts of the second to the 
seventh ribs. It presents for examination costal and dorsal surfaces, upper, lateral 
and medial borders, inferior, superior and lateral angles and three bony processes, 
viz., the spine, its continuation the acromion, and the coracoid process. The 
lateral angle is truncated and bears the glenoid cavity for articulation with the head 
of the humerus. This part of the bone may be regarded as the head, and it is con- 
nected to the plate-like body by an inconspicuous neck. The long axis of the 
scapula is nearly vertical and the relatively featureless costal surface can easily be 
distinguished from the dorsal surface, which is interrupted by the shelf-like pro- 
jection of the spine (fig. 399). The bone is very much thickened in the immediate 
neighbourhood of the lateral border, which runs from the inferior angle helow^ to 
the glenoid cavity above. The student now possesses sufficient information to 
enable him to assign a given scapula correcdy to its appropriate side of the 
body^ 

The costal surface (fig. 397), which is directed medially and forwards when the 
arm is by the side, is slightly hollowed out, especially in its upper part. Near 
the lateri border it presents a longitudinal, rounded ridge, stout and salient in the 
neighbourhood of the neck, but becoming less prominent below, which is separated 
from the lateral border by a narrow, grooved area. The dorsal surface (fig. 398) is 
divided into a smaller, upper area and a larger, lower area by a shelf-like projection, 
termed the spine of the scapula. These two areas communicate with each other 
through the spinoglenoid notch^ which lies between the free, lateral border of the 
spine and the dorsal aspect of the neck of the bone. A flattened strip, for muscular 
attachments, marks the dorsal smface along the lateral border. 

The lateral border (axillary border) of the scapula forms a sharp, roughened 
ridge,* which runs sinuously from the inferior angle to the glenoid cavity. At its 
upper end it widens into a rough, somewhat triangular, area, which is termed the 
infraglmoid tubercle (fig. 399). Throughout its whole len^ the lateral border is 
thicldy covered with muscles and cannot be felt satisfactorily in the living subject. 
The medial border (vertebral border) of the scapula extends from the inferior to 
the superior angle. In its lower two-thirds this border can easily be felt through 
the skin, but its upper third is more deeply placed and cannot be palpated in the 
normal subject. The superior border, thin and sharp, is the shortest of the three 
borders. At its anterolateral end it is separated from the root of the coracoid 
process by the suprascapular, notch, which is converted into a foramen by the 
suprascapular ligament. 

The inferior angle lies over the seventh rib, or over the seventh intercostal 
space. It can be felt through the skin and the muscles which cover it and, 
when the arm is raised above the head, it can be seen to pass forwards round the 
chest wall. The superior angle is placed at the junction of the superior and medial 

* The lateral border is often described as a thick border, but such a description includes 
in the border the grooved, lateral part of the costal surface and, frequently, the flattened 
strip along the lateral part of the dorsal surface. The actual border, however, is clearly 
defined on the bone as a narrow, roughened ridge (fig. 399). 
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borders, and is obscured by the musdes which cover it The lateral angle is 
truncated and broadened. It constitutes the head of the bone. “On its free surface 
it bears the glenoid cavity for articulation wilh the head of the humerus in the 
shoulder-joint. When the arm is by the side the glenoid cavity is directed forwards 
and laterally and slightly upwards. Very gently hollowed out, it forms a poor 
socket for the humerd head. It is narrow above and wider below, and is therrfore 


Fig, 397. — The right scapula. Costal aspect. 
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pear-shaped in outline. Immediately above the glenoid cavity a roughened 
area encroaches on the root of the coracoid process and is termed the mpraglenom 
tubercle. The neck of the scapula is the constriction i^ediately adjoi^g the 

head. It can be identified most easily on its inferior and dorsal aspects. Ventrally, 

it can be regarded as extending between the infraglenoid tubercle and the anterior 

margin of the suprascapular notch. ^ 

The spine of L scapula (fig. 398) forms a shdf-hke devation on the u^ part 
of the dorsal sur&ce of the bone, and is triangular m shape. Its lateral border is 
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free^ thick and rounded and helps to bound the spinoglenoid notch^ which lies 
between it and the dorsal surface of the neck of the bone. Its anterior border joins 
the dorsal surface of the scapula along a line which runs laterally and slightly 
upwards from the junction of the upper and middle thirds of the medial border. 
It should be noted that the plate-like body of the bone is bent along this line^ and 
this fact accounts for the concavity of the upper part of the costal surface. The 
third border is termed the crest of the spines and is subcutaneous throughout nearly its 
whole extent. At its medial end the crest expands into a smooth^ triangular area. 
Elsewhere the upper and lower edges and the surface of the crest are roughened 
for muscular attachments. The upper surface of the spine widens as it is traced 
laterally, and is slightly hollowed out. Together with the upper area of the dorsal 
surface of the bone, die upper surface of the spine forms the supraspinous fossa. 
The lower surface is overhung by the crest at its medial, narrow end, but is gently 
convex in its wider, lateral portion. Together with the lower area of the dorsal 
surface of the bone, the lower surface of the spine forms the infraspinous fossa^ which 
communicates freely with the supraspinous fossa through the spinoglenoid ngt^J^. 
Both surfaces of the spine display large vascular foramina running towards the 
junction of the free, lateral border with the body of the bone. 

The acromion projects freely from the lateral end of the spine, with which it is 
continuous. Its long axis, however, does not coincide with that of the spine, but 
makes an angle with it of rather more than 90°. The lower border of the crest of 
the spine becomes continuous with the lateral border of the acromion at the 
acromial angle^ which forms a subcutaneous, bony landmark. The medial border 
of the acromion is short and is marked anteriorly by a small, oval facet, directed 
upwards and medially, for articulation with the lateral end of the clavicle. The 
lateral border, tip and upper surface of the acromion can all be felt through the 
skin without difficulty. The coracoid process (fig. 397) springs from the upper 
border of the head of the scapula and is bent sharply so as to project forwards and 
slightly laterally. When the arm is by the side^, the coracoid process points almost 
straight forwards and its slightly ehlarged tip can be felt through the skin, 
although it is covered by the anterior fibres of the deltoid muscle. The 
supraglenoid tubercle marks the root of the coracoid process where it adjoins 
the upper part of the glenoid cavity. Another impression is placed on the dorsal 
aspect of the coracoid process at the point where it changes direction* This gives 
attachment to the conoid part of the coracoclavioilar ligament, which wiU be 
mentioned again in connexion with the clavicle. 

Faxticular features. — ^The costal surface gives origin to the subsoapularis muscle (fig. 397), 
which arises from nearly the whole of this aspect including the grooved area immediately 
adjoining the lateral border and excluding the area adjoining the neck of the bone. Small 
intramuscular tendons are attached to the roughened ridges which subdivide this surface 
incompletely into a number of smooth areas. The anterior aspect of the neck is separated 
from the subscapularis muscle by a bursal protrusion of the synovial membrane of the 
shoulder- joint. Near the inferior angle a somewhat oval area gives insertion to the lower 
five or six digitations of the serratus anterior (fig. 397). The remainder of the muscle is 
inserted into a narrow strip along the ventral aspect of the medial border, which is wider 
above, where it receives the large first digitation. The rounded, longitudinal ridge near the 
lateral border corresponds to a localised thickening of the bone and provides a lever of the 
necessary strength to enable the serratus anteripr to rotate the scapula forwards. In this 
movement the upper limb is raised from the siSe and carried above the head against the 
action of gravity, and it is this latter factor which calls for the provision of a substantial lever. 

On the dorsal surface, the supraspinous fossa in its medial two-thirds gives origin to 
the supraspinatus, and its margins give attachment to the fascia which covers the muscle. 
The fiattened strip adjoining the lateral border gives origin in its upper two-thirds to the 
teres minor muscle and is grooved, near its upper end, by the circumflex scapular vessels, 
which pass between the muscle and the bone as they enter the infraspinous fossa (fig. 398). 
The lower limit of the origin of the teres minor is indicated by an obliq^ue ridge, which 
runs from the lateral border to the neighbourhood of the inferior angle and cuts off 
a somewhat oval area for the origin of the teres major muscle. The dorsal aspect of the 
inferior angle may give origin to a small slip which joins the deep surface of the latissimus 
dorsi. With the exception of an area near the neck of the bone, the rest of the infraspinous 
fossa, which is hollbwed out laterally but convex medially, gives origin to the infraspinatus 
muscle. The strong infraspinatus fascia passes on to the teres minor and the teres major 
9 ;nd sends fascial paj^titions between them to reach the boii© along the ridges which mark 
the limits of their attachments. 



335 


THE SCAPULA 

The Icderal {axillary) border separates the origin of the subscapularis from the origins of 
the teres minor and the teres maj or, These muscles project laterally beyond it, and together 
with the latissimus dorsi cover it so completely that it cannot be felt through the skin. The 
infraglenoid tubercle gives origin to the long head of the triceps muscle. The medial 
{vertebral) border is thin and often angled opposite the root of the spine. A narrow strip, 
extending from the superior angle to the root of the spine, gives insertion to the levator 
scapulae muscle. Below this, and opposite the root of the spine, the rhomboideus minor 


Fia. 398. — ^The right scapula. Dorsal aspect. 
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gains insertion. The remainder of the border provides insertion for the rhomboideus major, 
but the precise character of the insertion is unusual (p. 585). The attachment of the 
serratus anterior has been noted already (p. 334). 

The ' upper border of the scapula is thin and sharp. Near the suprascapular Uotch it 
gives origin to the inferior belly of the omohyoid muscle, and the posterior limit of the notch 
gives attachment to the suprascapular ligament, which is sometimes ossified. The foramen 
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completed by the ligament transmits the suprascapular nerve to the supraspinous fossa, 
whereas the suprascapular (transverse scapular) vessels pass backwards above the ligament. 

The inferior angle of the scapula is covered on its dorsal aspect by the upper border of the 
latissimus dorsi muscle, which frequently receives a small slip of origin from this part of the 
bone. The swperior angle of the scapula is covered by the upper part of the trapezius muscle. 
The truncated lateral angle bears the glefnoid cavity , the margins of which give attachment 


Fig. 399. — ^The left scapula. Lateral aspect. 
Supraglenoid tubercle Acromion 



supraspinatus passes below the overhanging 
the deltoid muscle by the subacromial bursa. 


to the glenoidal labrum. Its surface is 
covered with a layer of hyaline articular 
cartilage, which is thinnest at the centre 
of the cavity and thickest at its peri- 
phery. Its anterior margin gives attach- 
ment to the glenohumeral ligaments (p. 
457). When the arm is by the side the 
cavity is directed forwards, laterally 
and slightly upwards. When the arm 
is raised above the head it is directed 
almost straight upwards 

The sjgine of the scapula gives attach- 
ment by its upper and lower surfaces to 
the supra- and infraspinatus muscles, 
respectively. The flattened, triangular 
area at its root lies opposite the spine of 
the third thoracic vertebra and is covered 
by the tendon of the trapezius, a bursa 
intervening to enable the tendon to play 
over this part of the bone. The lower 
border of the crest gives origin to the 
posterior flbres of the deltoid muscle, 
which often produce an elongated 
tubercle in this situation. The upper 
border of the crest receives the insertion 
of the lower fibres of the trapezius, 
which often encroach on the dorsal or 
subcutaneous aspect of the crest, especi- 
ally near the root of the spine. 

The acromion is subcutaneous over 
its dorsal surface, being covered only by 
th.% skin and superficial fascia. The 
lateral border, which is thick and irregu- 
lar, and the tip of the process, as far 
round as the clavicular facet, give origin 
to the middle fibres of the deltoid muscle. 
The medial aspect of the tip gives attach- 
ment, below the deltoid, to the lateral 
end of the coraco-acromial ligament. 
The articular capsule of the acromio- 
clavicular joint is attached around the 
margins of the clavicular facet. Behind 
the facet, the medial border of the 
acromion gives insertion to the hori- 
zontal fibres of the trapezius muscle. 
The inferior aspect of the acromion is 
relatively smooth, and together with the 
coraco-acromial ligament and the cora- 
coid process forms a protective arch over 
the shoulder- joint. The tendon of the 
acromion and is separated from it and from 


The coracoid process lies below the clavicle at the junction of the lateral fourth with the 
rest of the bone and is connected to its under surface by the coraco-clavicular ligament. 
The attachment of the conoid part of the ligament has already been considered : the 
trapezoid part is attached to the upper aspect of the horizontal part of the process (fig. 397). 
The superior aspect of the process receives also the insertion of the pectoralis minor muscle. 
Its lateral border gives attachment to the wider, medial end of the coraco-acromial Hgament 
and, below that, to the coracohumeral ligament. The enlarged tip of the process gives 
origin to the coracobrachialis, medially, and to the short head of the biceps, laterally- It is 
covered, in life, by the anterior fibres of the deltoid and can be identified only 

on deep pressure through the lateral border of the infraclavicular fossa. It lies 2*5 cm. 
below the clavicle. The inferior aspect of the process is smooth and helps to complete the 



THE SCAPULA 337 

coraco-aoromial arch. The anterior aspect of the root is crossed by the tendon of the sub- 
scapularis, and its posterior aspect by the tendon of the supraspinatus mnscle. 

Structure. — ^The head, processes, and thickened parts of the scapula contain spongy 
substance ; the rest consists of a thin layer of compact bone. The central part of the supra- 
spinous fossa and the greater part of the infraspinous fossa are thin ; occasionally the bone 
is wanting in these situations, the gaps being Med by fibrous tissue. 

Ossification (fig. 400). — ^The scapida is ossified from eight or more centres : one for the 
body, two for the coracoid process, two for the acromion, one for the vertebral border, one 
for the inferior angle and one for the lower part of the rim of the glenoid cavity. 

The centre for the body appears in the eighth week of intrauterine life, and spreads to 
form an irregular quadrilateral plate of bone, immediately behind the glenoid cavity. This 


Fig. 400. — plan of the ossification of the scapula. 



plate forms the chief part of the bone, and the spine grows backwards from it about the 
third month. At birth, the glenoid cavity, coracoid process, acromion, medial border, and 
inferior angle are cartilaginous. In the &st year of life, ossification begins in the nuddle 
of the coracoid process, and this process joins the rest of the bone about the fifteenth year. 
Between the tenth and twentieth years ossification of the remaining parts takes place, usually 
in the following order : first, in the root of the coracoid process (subcoracoid centre) ; 
second, near the base of the acromion ; third, in the inferior angle and contiguous part 
of the medial border ; fourth, near the extremity of the acromion ; fifth, in the medial 
border. The base of the acromion is formed by an extension from the spine ; the rest of the 
acromion is ossified from two centres which unite, and then join the extension from the 
spine. The upper one-third of the glenoid cavity is ossified from the subcoracoid centre, 
which appears between the tenth and eleventh, and joins between the sixteenth and the 
eighteenth, years. Further, a horseshoe-shaped epiphyseal plate appears for the lower part 
of the glenoid cavity about puberty ; thicker at its peripheral than at its central margin, 
it converts the flat glenoid fossa of the child into the gently concave fossa of the adult. The 
tip of the coracoid process frequently has a separate centre. These various epiphyses are 
joined to the bone by the twenty-fifth year. 
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THE CLAVICLE (figs. 401, 402) 

General features.— The clavicle, though a long bone, differs from the other 
long bones in the body in not possessing a medullary cavity. It lies almost 
horizontally at the root of the neck and is subcutaneous throughout its whole 
extent Its most important functions are : (i) to act as a prop which braces back 
the shoulder and enables the limb to swing clear of the trunk ; and (2) to transmit 
a part of the weight of the limb to the axial skeleton, in this way diminishing the 
muscular effort required for that purpose. The laterd or acromial end of the bone 
is flattened and articulates with the medial side of the acromion, whereas the 
medial or sternal end is enlarged and articulates with the clavicular notch of the 
manubrium stemi. The shaft is gently curved and in shape resembles the 
italic letter /, being convex forwards in its medial portion and concave forwards 
in its lateral portion. The inferior aspect of the intermediate third is grooved 
in its long axis. The student is now in a position to refer a given clavicle correctly 
to its appropriate side of the body. 

For purposes of description it is convenient to divide the shaft into its lateral 
one-third, which is flattened, and its medial two-thirds, which are cylindrical or 
prismoid in form. 



The lateral one- third of the shaft of the clavicle has a superior and an inferior 
surface, limited by an anterior and a posterior border. The anterior border is 
concave, thin and roughened and may be marked by a small tubercle termed the 
deltoid tubercle. The posterior border^ also roughened for muscular attachments, 
is convex backwards. The superior surface is flattened ; it is roughened near 
its margins but is smoo± centrally, where it can be felt through ±e skin. The 
lower surface presents two obvious markings. Close to the posterior border, at 
the junction of the lateral one-fourth with the rest of the bone, a prominent tubercle 
gives attachment to the conoid part of the coracoclavicular ligament and is termed 
flie conoid tubercle. From the lateral side of this tubercle a narrow, roughened 
strip runs forwards and laterally, reaching almost as far as the acromial end. This 
strip is termed the trapezoid ridge and gives attachment to the trapezoid part of the 
coracoclavicular ligament. 

The medial two-thirds of the shaft of the clavicle usually possess four surfaces, 
but the inferior surface is often reduced to a mere ridge. The anterior surface is 
roughened over most of its extent but it is smooth and rounded at its lateral end, 
where it forms the upper boundary of the infraclavicular fossa. The upper surface^ 
also, is roughened in its medial part and smooth at its lateral end. The posterior 
surface is smooth and featureless. The inferior surface is marked, near the sternal 
end, by a roughened impression, which is often depressed below the surfece. This 
gives attachment to the costoclavicular ligament, which coimects the clavicle to 
the upper surface of the first rib and helps to hmit its range of movement. The 
lateral half of this surface shows a groove in the long axis of the bone. 

The flattened acromial end of die clavicle presents a small oval articular facet, 
which ardculates with the medial aspect of the acromion at the acromioclavicular 
joint. The facet is directed laterally and slightly downwards. 

The sternal end of the clavicle is directed medially, and a litde downwards and 
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forwards, to articulate with the clavicular notch of the manubrium stemi. The 
sternal surface is quadrangular (sometimes triangular) in form, and its uppermost 
part is slightly roughened for ligamentous attachments. Elsewhere, in a normal 
bone, the surface is smooth and articular and it is carried, round on to the inferior 
surface for a short distance, where it articulates with the first costal cartilage. The 
sternal end of the clavicle projects upwards beyond the manubrium sterni and can 
be felt without difSculty in the lateral wall of the suprasternal fossa. 

Particular features. — ^The lateral one-third of the shaft gives attachment to the deltoid 
muscle by its anterior border, and to the trapezius muscle by its posterior border. Both 
muscles encroach on the upper surface. The coracoclavicular ligament, attached to the 
conoid tubercle and the trapezoid ridge (fig. 402), transmits a large part of the weight 
of the upper limb to the clavicle. This weight is counteracted by the tonus of the trapezius 
muscle, which supports the lateral part of the bone. From the conoid tubercle the weight 
is transmitted through the medial two-thirds of the shaft to reach the axial skeleton. Frac- 
ture of the clavicle medial to the conoid tubercle interrupts the line of weight transmission, 
so that practically the whole weight of the limb has to be supported by the trapezius. 
The muscle is unable to meet the demand and the limb therefore drops on the affected side. 

The rrtedial two-thirds give attachment anteriorly to the clavicular head of the pectoralis 
major muscle, and, as a rule, the area is clearly indicated on the bone. The clavicular 
head of the stemomastoid arises from the medial half of the upper surface, but the marking 
on the bone is not very conspicuous. The smooth, posterior surface is devoid of muscular 

Fig. 402. — The right clavicle. Viewed from below. 
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attachments except at its lower part immediately adjoining the sternal end, where the lateral 
fibres of the sternohyoid arise. Medially, this surface is related to the lower end of the 
internal jugular vein, from which it is separated by the sternohyoid muscle, the termination 
of the subclavian vein and the commencement of the innominate vein. More laterally, it 
arches in front of the trunks of the brachial plexus and the third part of the subclavian 
artery. The suprascapular vessels are related to the upper part of this surface. The inferior 
surface gives insertion to the subclavius muscle in the subclavian groove (fig. 402), and the 
edges of the groove give attachment to the clavipectoral fascia, which encloses the muscle. 
The posterior lip of the groove runs into the conoid tubercle and carries the fascia into con- 
tinuity with the conoid ligament. A nutrient foramen is found in the lateral end of the 
groove, running in a lateral direction. The nutrient artery concerned is derived from the 
suprascapular (transverse scapular) artery. The impression for the costoclavicular liga- 
ment, which is very variable in its character, is separated from the sternal end by a short 
interval. 

The margins of the articular facet at the acromial end give attachment to the articular 
capsule of the acromioclavicular joint. 

The roughened, upper part of the sternal end provides attachment for the interclavicular 
ligament, the articular capsule and the articular disc of the sternoclavicular joint. The 
sternal surface, denuded of its articular cartilage, is rarely smooth and is usually irregular 
and somewhat pitted. 

In a woman, the clavicle is shorter,* thinner, less curved and smoother than 
in a man. In women the acromial end is a litde below the level of the sternal 
end ; in men it is on a level with, or slightly higher than, the sternal end. In 
those who perform hard manual labour the clavicle is thicker and more curved, 
and its ridges for muscular attachment are better marked. 

* F. G. Parsons {Journal of Anatomy and Physiology, vol. li.) gives the following as the 
average lengths of the clavicle in the male and female ; male, left, 154 mm., right, 152 mm. ; 
female; left, 139 mm. , right) 1 38 mm. 
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Structure. — ^The clavicle consists of spongy substance, enveloped by a layer 
of compact bone which is much thicker in the intermediate part of the bone 
than at the ends. 

Ossification. — The clavicle begins to ossify before any other bone in the 
body, and is ossified from three centres. The shaft of the bone is ossified in 
membrane from two primary centres * — a medial and a lateral — ^which appear 
between the fifth and sixth weeks of intrauterine life, and fuse about the forty- 
fifth day ; a secondary centre for the sternal end appears about the eighteenth 
or twentieth year, and unites with the body of the bone about the twenty- 
fifth year. A secondary centre of ossification sometimes develops in the 
cartilage at the acromial end at about eighteen to twenty. The epiphysis so 
formed is always small and rudimentary and rapidly joins the rest of the 
bone.f 

In a 14 mm. embryo the future clavicle is represented by a band of mesenchyme which 
extends from the acromion of the scapula to the tip of the first rib, and is continuous with 
the rudiment of the sternum. In this band a mechal and a lateral mass of ‘ precartilage ’ 
is developed, and in the mesenchyme intervening between them the two centres for the 
body of the bone appear and soon fuse with each other. The sternal and acromial parts 
of the precartilaginous masses are converted into cartilage, and into this the ossification of 
the body of the bone extends. 

The primitive reptilian shoulder girdle comprises a dorsal element — the scapula — and 
two ventral elements, of which the anterior (headward) is the precoracoid and the posterior 


Fig. 403. — Diagram showing the three centres of ossification of the clavicle. 



(caudal) is the coracoid. The primitive girdle of the hind limb also possesses three elements, 
of which the ilium is homologous with the scapula, the pubis with the precoracoid and the 
ischium with the coracoid. The clavicle, which is a membrane bone and therefore morpho- 
logically distinct from the others, is an additional element in the shoulder girdle but is 
not represented in the pelvic girdle. It is doubtful whether any trace of the precoracoid 
persists in the human skeleton, although the presence of two primary centres of ossifica- 
tion for the clavicle is regarded by many authorities as an indication that the human 
clavicle corresponds both to the precoracoid and to the clavicle in the reptilian shoulder- 
girdle. 

The clavicle is absent in animals in which the forelimbs are used principally or en- 
tirely for progression, e.g. the ungulates and carmVores, but it is present and well 
developed in animals which use the limb for prehension, e.g. many rodents, the primates 
and man. 

Allied Anatomy . — The clavicle is very frequently fractured. The most common cause 
is indirect violence, as the result of force applied to the hand or shoulder, and the bone then 
gives way at the junction of its lateral with its intermediate third, that is to say, at the 
junction of the two curves, for this is its weakest part. The deformity is mainly due to the 
weight of the arm acting upon the fragment when the prop-Uke action of the bone is gone, 
assisted by the muscles which pass from the thorax to the upper limb. The medial 
fragment, as a rule, is little displaced. 


THE HUMERUS (figs. 404—409) 

General features. — The humerus is the longest and largest bone of the upper 
linib. It comprises expanded upper and lower extremities and a more or less 
cylindrical shaft. The rounded head occupies the upper and part of the 

t» 2 . * American Journal of Anatomy, vol. v., 1906 ; Fawcett, Jov/mal of Anaiomy and 
Fhya^ology, vol. xlvii. ; Hanson, Anatcmical Record, vol. sdx, (number 6), 1920. 

t T. Wingate Todd and J*. D’Erico, jr., American Journal of Anaiomy, vol. 41, 1928. 
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upper end of the bone. The lesser tuberosity projects from the front of the shaft, 
close to the head, and is limited on its lateral side by a weU-marked groove. By 
exa m ination of the head and the lesser tuberosity the student should be able to 
assign a given humerus correctly to its appropriate side of the body. 

The upper end of the humerus consists of the head, and the greater and lesser 
tuberosities (tubercles). 

The head of the humerus (figs. 404, 408) forms rather less than half a sphere, 
and its smooth surface is covered with hyaline articular cartilage in life and in the 
immacerated specimen. When the arm is at rest by the side, it is directed medially, 
backwards and upwards to articulate with the glenoid cavity of the scapula. The 
humeral articular surface is much more extensive than the glenoid cavity, and only a 
portion of it is in contact with the cavity in any one position of the arm. The 
margin of the head is most distinct in its medial and lower part. 

The anatomical neck of the humerus immediately adjoins the margin of the head 
and forms a slight constriction, which is least apparent in the neighbourhood of the 
tuberosities. 

The lesser tuberosity {tubercle) is placed on the anterior aspect of the bone im- 
mediately beyond the anatomical neck, and shows a smooth, muscular impression 
on its upper part. Although thickly covered by muscle it can be felt through the 
skin. The lateral edge of the lesser tuberosity is sharp and forms the medial 
border of the bicipital groove. 

Th& greater Merosity occupies the lateral part of the upper end of the humerus 
and is the most lateral bony point in the shoulder region. It projects beyond the lateral 
border of the acromion and, covered by the thidc, fieshy deltoid muscle, is respon- 
sible for the normal rounded contour of the shoulder. The portion of the tuberosity 
which adjoins the anatomical neck shows three flattened impressions for muscular 
attachments. 

The bicipital groove (intertvbercular sulcus) separates the two tuberosities and 
lodges the tendon of the long head of the biceps muscle. 

The shaft of the humerus is almost cylindrical in its upper half but is triangular 
on section in its lower half, which is compressed in an anteroposterior direction. 
It presents three surfaces and three borders — which are not everywhere equally 
obvious. 

The anterior border commences above on the front of the greater tuberosity and 
runs downwards almost to the lower end of the bone. Its upper third forms the 
lateral lip of the bicipital groove and is roughened for muscular attachments. The 
succeeding portion is also roughened and forms the anterior limit of the deltoid 
tuberosity, but the lower half of the border is smooth and rounded. 

The lateral border is conspicuous at the lower end of the bone, where its sharp 
edge is roughened sdong its anterior aspect. In the middle and upper thirds of the 
bone the border is barely discernible to the inexperienced eye, but in a well-marked 
bone it can be traced upwards to the posterior surface of the greater tuberosity. 
About its middle the border is interrupted by a wide, shallow groove which crosses 
the bone obliquely, passing downwards and forwards from its posterior to its 
anterior surface. It is termed the spiral groove (radial groove). 

The medial border^ although rounded, can be identified without difficulty in the 
lower half of the shaft. A lit 3 e below the middle of the bone it presents a rough- 
ened strip, and superiorly it becomes indistinct until it reappears as the medial lip 
of the bicipital groove. In this situation the border is again roughened and can be 
traced into the lesser tuberosity. 

The anterolateral surface of the humerus lies between the anterior and the lateral 
borders. A little above its middle it is marked by a V-shaped roughened area which 
is termed the deltoid tiiberosity. The limbs of the V are broad and behind the 
posterior limb the spiral groove runs downwards and fades away on the lower part 
of the surface. 

The anteromedial surface is bounded by the anterior and the medial borders of 
the bone. Rather less than its upper third forms the rough floor of the bicipital 
groove, but the rest of the surface is smooth. A litde below its middle the nutrient 
foramen, which is directed downwards, opens close to the medial border. 

The posterior surface lies between the medial and the lateral borders and is the 
most e^ensive surface of ffie tiiree. Its upper third is crossed by a faint ridge, 
sometimes roughened, which runs obliquely downwards and laterally. The middle 
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Fig. 404. — The left humerus. Anterior aspect. Fig. 405. — Key to fig. 404. 
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third is crossed by the commencement of the spiral groove. Rather more than 
the lower third forms an extensive, flattened surface, which widens considerably 
below. 

The lower end of the humerus (figs. 404^ 409) is expanded transversely^ and 
presents articular and non-articular portions. 

The articular portion takes part with the radius and the ulna in the forma- 
tion of the elbow-joint. It is divided by a faint groove into a lateral^ convex 
surface^ termed the capitulinn, and a medial^ pulley-shaped surface^ termed the 
trochlea. 

The capitulum is a rounded, convex projection, considerably less than half a 
sphere, which covers the anterior and inferior surfaces of the lower end of the 
humerus but does not extend on to its posterior surface. It articulates with the 
disc-like head of the radius, which Hes in contact with its inferior surface in 
full extension of the elbow but moves on to its anterior surface when the joint is 
flexed. 

The trochlea is a pulley-shaped surface, which covers the anterior, inferior and 
posterior surfaces of ^e lower end of the humerus. On its lateral side it is separated 
from the capitulum by a faint groove, but its medial margin is salient and projects 
downwards beyond the rest of &e bone. The trochlea articulates with the trochlear 
(senulimar) notch of the ulna. When the elbow is extended the inferior and pos- 
terior aspects of the trochlea are in contact with the ulna, but, as the joint is flexed, 
the trochlear notch rolls forwards on to the anterior aspect and the posterior aspect is 
then left uncovered. The downward projection of the medial edge of the trochlea is 
the principal factor in determining the angulation which is present between the long 
axis of the humerus and the long axis of the supinated forearm when the elbow is 
extended. The angle, which is of approximately 170°, is open to the lateral side 
and is termed the ‘ carrying angle * (p. 467). Owing to the existence of this ang- 
ulation, the ulnar or medial border of the supinated and extended forearm cannot be 
brought into contact with the lateral surface of the thigh, when the arm is by the 
side. 

The non-articular part of the lower end of the humerus includes the medial and 
lateral epicondyles together with the olecranon, coronoid and radial fossae. 

The medial epicondyle forms a conspicuous, blunt projection on the medial side 
of the lower end of the humerus. It is subcutaneous and can easily be identified 
through the skin. Its posterior surface is smooth and is crossed by the ulnar 
nerve, as it runs down into the forearm. In this situation the nerve can be felt and 
rolled against the bone. If the pressure exerted is suflicient, sensations are aroused 
identical with those produced by a knock on the ‘ ftmny bone,’ when the nerve is 
jarred against the epicondyle. The lower part of the anterior surface of the medial 
epicondyle shows an impression which gives attachment to the superficial group of 
the flexor muscles of the forearm. 

The lateral epicondyle occupies the lateral part of the non-articular portion of 
the lower end of the humerus ; but does not project laterally beyond the lateral 
border. Its lateral and anterior surfaces show a well-marked impression, which 
gives origin to the superficial group o'f the extensor muscles of the forearm. Its 
posterior surface, which is very slightly convex, can easily be felt through the skin 
at the back of the elbow (p. 348). The lateral border of the humerus terminates at 
the lateral epicondyle, and its lower portion is termed the lateral supracondylar ridge. 
The medial border of the humerus terminates below at the medial epicondyle, and 
its lower portion is termed the medial supnracondylar ridge. 

A deep hollow is situated on the posterior surface of the lower end of the humerus, 
immediately above the trochlea. It is termed the olecranon fossa^ on accoimt of the 
fact that it lodges the tip of the olecranon of the ulna when the elbow is extended. 
The floor of the fossa is always thin and may be partially deficient. A similar but 
smaller hollow lies immediately above the trochlea on tiie anterior surface of the 
lower end of the humerus and is termed the coronoid fossa. It provides room for 
the anterior margin of the coronoid process of the uhia during flexion of the elbow. 
A very slight depression lies above the capitulum on the lateral side of the cor- 
onoid fossa. It is termed the radial fossa^ since it is related to the margin of the 
head of the radius in ftiU flexion of the elbow. 

In lower mammals the long axes of the upper and lower articular surfaces of the 
humerus make an angle with each other of little more than 90°. In man, however. 





PLATE III 



Radiograph of the shoulder region of a child aged 6 years. The upper arrow indicates the 
coracoid process ; the lower arrow indicates the epiphyseal line. Note that the upper end of 
the diaphysis is conical and projects into the centre of the epiphysis. The centres for the head 
of the humerus and the tuberosities have fused to form a single epiphysis, 
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the upper end of the humerus appears to have been rotated laterally, so that the angle 
between the two axes has been increased to about 164 °. This an^ation is referred 
to as the angle of ‘ humeral torsion.^ It is greater in men than women, in adults 
Aan children, and in higher races than in lower races and anthropoids. The 
sigmficance of the torsion of the humerus has not yet been explained in a satisfactory 
manner. 

Particular features. — The cartilage which covers the head of the humerus is thickest at its 
centre and becomes thinner towards the circumference. 

The anatomical nech gives attachment to the capsular ligament of the shoulder- joint 
(figs. 405, 407), except at the upper end of the bicipital groove, where a deficiency exists 
to allow the long tendon of the biceps to emerge from the joint. On the medial side, 
however, the attachment extends downwards for 1 cm. or more on to the shaft of the 
bone. 

The l^ser^ tvberosity gives insertion to the subscapularis muscle (fig. 405) and its sharp 
lateral margin gives attachment to the medial end of the transverse ligament of the shoulder- 
joint. 

The greater tuberosity presents three muscular impressions. The uppermost receives 
the insertion of supraspinatus ; the middle impression gives insertion to the infraspinatus ; 
while the lowermost, which is placed on the posterior surface of the tuberosity, gives 
insertion to the teres minor muscle (fig. 407). The projecting lateral surface of the 
tuberosity presents numerous vascular foramina and is covered by the deltoid muscle. 
A part of the subacromial bursa may cover the upper part of this area and separate it from 
the muscle. 



The bicipital groove lodges the long tendon of the biceps, its accompanying synovial 
sheath, and an ascending branch from the anterior circumflex humeral artery. The rough, 
lateral lip of the groove gives iusertion to the bilaminar tendon of the pectoralis major ; 
its floor receives the tendon of the latissimus dorsi ; and its medial lip, the tendon of the 
teres maj or . The insertion of the pectoralis maj or extends to a lower level than the insertion 
of the teres major, while the insertion of the latissimus dorsi is the least extensive of the 
three. Below the bicipital groove the anteromedial surface of the humerus is devoid of 
muscular attachment over a small area, but its lower half gives origin to the medial portion 
of the brachialis muscle (fig. 405). The roughened strip on the middle of the medial border 
of the bone gives insertion to the coracobrachialis. muscle. Close to the lowest part of the 
medial supracondylar ridge this surface gives origin over a narrow area to the superficial 
head of the pronator teres ; and the ridge itself gives attachment to the medial inter- 
muscular septum of the arm. 

The oblique ridge which crosses the upper part of thiQ posterior surface gives origin to the 
lateral head of the triceps. Above this muscle the circumflex (axillary) nerve and the pos- 
terior circumflex humeral vessels wind round this aspect of the bone under cover of the del- 
toid muscle. Below and medial to the origin of the lateral head of the triceps, the spiral groove, 
containing the radial nerve and the profunda vessels, runs do^vnwards and laterally to gain 
the anterolateral surface of the shaft. The area for the origin of the fleshy medial head of the 
triceps includes a very large part of the posterior surface of the bone. It covers an elongated 
triangular area, the apex of which is placed on the medial part of the posterior surface above 
the level of the lower limit of the insertion of teres major. The area widens below and 
covers the whole surface almost down to the lower end of the bone (fig. 407). 

The anterolateral surface of the humerus is smooth and featureless in its upper part, 
which is covered by the deltoid muscle. About, or a little above, the middle of this surface 
the deltoid muscle is inserted uito the deltoid tuberosity, and below that level the surface 
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gives origin to the lateral fibres of the brachialis, which extend upwards into the floor of the 
lower end of the spiral groove (fig. 407), The roughened anterior aspect of the lateral 
supracondylar ridge gives origin by its upper two-thirds to the brachioradialis and by its 
lower third to the extensor carpi radialis longus. Behind these muscles the ridge gives 
attachment to the lateral intermuscular septum of the arm. 

The articular pcyrtion of the lower end of the humerus is curved forwards, so that its 
anterior and posterior surfaces lie in front of the corresponding surfaces of the shaft. The 
groove of the trochlea winds backwards and laterally, as it is traced from the anterior to the 
posterior surface of the bone, and it is wider, deeper and more symmetrical posteriorly. 
Anteriorly, the medial flange of the pulley is much longer than the lateral, and the surface 
adjoining its projecting medial margin is convex to accommodate itself to the medial part of 
the upper surface of the coronoid process of the ulna. 

The capsular ligament of the dhow-joint extends for some distance beyond the articular 
surface for its attachments to the humerus. Anteriorly it passes to the upper limits of 

the radial and coronoid fossae, so that both 


Fig. 409. — longitudinal section through 
the head of the right humerus. 



these bony depressions are intracapsular and 
therefore lined with synovial membrane. 
Medially it is attached to the medial non- 
articular aspect of the projecting lip of the 
trochlea and to the root of the medial epi- 
condyle. Posteriorly it ascends to, or almost 
to, the upper margin of the olecranon fossa, 
which is therefore intracapsular and covered 
with synovial membrane. Laterally it 
skirts the lateral borders of the trochlea 
and capitulum, lying medial to the lateral 
epicondyle. 

The muscular impression on the medial 
epicondyle gives attachment to the common 
origin of the superficial group of flexor 
muscles. They arise from the epiphysis for 
the epicondyle, but are entirely outside the 
articular capsule of the elbow-joint. The 
impression on the lateral epicondyle gives 
attachment to the common origin of the 
superficial group of extensor muscles of 
the forearm. These arise from the lateral 
side of the lower humeral epiphysis, and. 


like the flexors, are situated outside the 
articular capsule. A small area on the posterior surface of the lateral epicondyle 
gives origin to the anconeus. The medial epicondyle is directed backwards a little at its 
extremity, whereas the lateral epicondyle shows a slight trend in the opposite direction. 

It shoidd be observed that when the humerus is at rest by the side the medial epicondyle 
lies on a plane which is posterior to the plane of the lateral epicondyle, so that the bone 
appears to be rotated medially. In this position the head of the humerus is directed almost 
equally backwards and medially, and the posterior surface of the shaft looks laterally as well 
as backwards. This position of the bone must be kept in mind when the movements of the 
arm and forearm are considered (pp. 460 and 467). 

A hook-shaped process of bone, termed the supracondylar process , varying from 2 mm. 
to 20 mm. in length, is occasionally found projecting from the anteromedial surface of 
the shaft of the humerus, about 5 cm. above the medial epicondyle. It is curved downwards 
and forwards, and its pointed end is connected to the medial border, just above the epi- 
condyle, by a fibrous band which gives origin to a portion of the pronator teres ; the foramen 
completed by this fibrous band usually transmits the median nerve and brachial artery. 
Sometimes the nerve alone is transmitted through it, or the nerve may be accompanied by 
the ulnar artery, in cases of high division of the brachial artery. A groove, which lodges 
the artery and nerve, is usually found behind the process. This foramen is the homologue 
of the supracondylar foramen found in many animals, and probably serves in them to 
protect the nerve and artery from compression during the contraction of the muscles in 
this region. 


Structiue. — The ends of the humerus consist of spongy substance, covered 
with a thin layer of compact bone (fiig. 409) ; the shaft is a cylinder of com- 
pact bone, thicker at the centre than towards the extremities. A large 
medullary canal extends throughout its length. 

Ossification (figs. 405, 410).— The humerus is ossified from eight centres 
one for each of the following parts : the shaft, the head, the greater tuber- 
osity, the lesser tuberosity, the capitulum and lateral part of the trochlea. 
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th© medial part of the trochlea, and one for each epicondyle. The centre 
for the shaft appears near its middle in the eighth week of intrauterine life, 
and gradually extends towards the ends, which at birth are cartilaginous. 
During the first year, occasionally before birth, ossification begins in the head, 
during the third year in the greater 


tuberosity, and during the fifth in the 
lesser tuberosity. By the sixth year 
the centres for the head and tuber- 


Fig. 410. — A plan of the ossification of 
the humerus. 


osities have joined to form a single 
large epiphysis, which is hollowed out 
on its i^erior surface (fig. 409) to adapt 
it to the somewhat conical upper end 
of the diaphysis. It fuses with the 
shaft of the humerus about the twen- 
tieth year. The lower end is ossified 
as follows. At the end of the second 
year ossification begins in the capit- 
ulum and extends medially to form 
the chief part of the articular surface ; 
the centre for the medial part of the 
trochlea appears about the twelfth 
year. Ossification begins in the 
medial epicondyle about the fifth 
year, and in the lateral about the 
thirteenth or fourteenth year. The 
centre for the lateral epicondyle fuses 
with those for the trochlea and capi- 
tulum (fig. 410), and the large epi- 
physis thus formed unites with the 
shaft about the sixteenth or seven- 
teenth year ; the centre for the medial 
epicondyle forms a separate epiphysis, 
which is entirely extra-capsular (fig. 
410), and unites with the shaft about 
the eighteenth year. 



Applied Anatomy . — The upper epiphysis 

of the humerus, though the first to ossify, is the last to join the shaft, and the length of the 
bone is due mainly to growth from the upper epiphyseal plate. Hence, in cases of amputa- 
tion through the arm in young subjects, the humerus continues to grow considerably, and 
the lower end of the bone, which immediately after the operation was covered with a 
thick cushion of soft tissue, begins to project, thinning the soft parts and rendering the 
stump conical. This may necessitate the removal of more bone, and even after this opera- 
tion a recurrence of the conical stump may take place. 

Fractures of the humerus are common. This bone is fractured by muscular action prob- 
ably more frequently than any other long bone ; it is usually the shaft of the bone, just 
below the insertion of the deltoid, which is thus broken, and the accident has been 
known to happen from throwing a stone or a hand-grenade. Fracture of the surgical neck 
of the bone is not uncommon ; impaction may occur, or the' upper end of the lower frag- 
ment may be displaced into the axilla and damage the vessels or nerves. Separation of 
the upper epiphysis sometimes occurs in the young subject, and is marked by a char- 
acteristic deformity, the upper end of the diaphysis projecting abruptly at the front of 
the shoulder and a short distance below the coracoid process. In fractures of the upper end 
of the humerus, extension with the arm in the abducted position is necessary, in order that, 
should ankylosis take place, the mobility of the scapula may be brought into full use. In 
fractures of the shaft of the humerus the lesion may take place at any point, but appears 
to be more common in the lower part of the bone than the upper. The points of interest 
in connexion with these fractures are : (1) that the radial nerve may be injured as it lies 
in the spiral groove, or may become involved, during the process of repair ; and (2) the 
frequency of non-union, which is believed to be more common in the humerus than in 
any other bone. The non-union is in some measure due to the difficulty in fixing the 
bone, since the upper end articulates with the movable scapula, and the shaft lies by the 
chest-wall, which moves with each respiration. Again, muscle is attached to the entire 
circumference of the bone and is liable to get between the fragments, should there be any 
overlapping of the broken ends. The circumflex (axillary) nerve may be injured by fractures 
of the upper end of the bone and the ulnar nerve by fracture of the medial epicondyle. 
In fractures of the lower end it is important to distinguish between those that involve 
the elbow-joint and those that do not ; -the former are always serious, as they may 
lead to impairment of the mobility of the joint ; they include the T-shaped fracture and 
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oblique fractures which involve the articular surface. Those which do not involve the 
joint are the transverse fracture above the epicondyles, and the so-called epitrochlear 
fracture, where the tip of the medial epicondyle is broken off, generally by direct 
violence. 


THE EADIUS (figs. 411-414) 

General features. — The radius is the lateral bone of the forearm. It is a long 
bonca prismoid in form and gently curved in its long axis. The upper and 
lower ends are both expanded^ but the lower end is much the wider of the two. 
The shaft increases in breadth rapidly towards the lower end^ is convex to the 
lateral side and is concave forwards in its lower part. Examination of the shafta 
therefore, will enable a given radius to be assigned correctly to its appropriate 
side of the body. 

The upper end of the radius includes the head, the neck and the tuberosity. 
The head is disc-shaped and its upper surface is hollowed out to form a shallow cup 
for articulation with the capitulum of the humerus. The articular circumference of 
the head is smooth and is deepest on the medial side, where it articulates with the 
radial notch of the ulna. Its posterior surface can be felt through the skin, as it lies 
at the bottom of a small depression which is visible in the living subject on the 
lateral side, of the posterior surface of the extended elbow. The neck of the radius 
is the constricted part immediately below the head, and is overhung by it, especi- 
ally on the lateral side. The tuberosity of the radius is placed below the medial 
part of the neck. Its posterior part is roughened but its anterior part is usually 
smooth. 

The shaft of the radius is narrow above but widens rapidly towards the lower 
end. As already stated, it is gently curved with the convexity directed to the lateral 
side. On transverse section it is triangular in outline, but only one of its three 
borders is sharp and easy to identify. The interosseous border is a salient crest, 
except at its upper end, where it approaches the lower part of the tuberosity. 
At its lower end it forms the posterior margin of a small, elongated, triangular 
area, which constitutes an additional — ^medid — surface for this end of the bone. 
In its lower three-fourths this border gives attachment to the interosseous mem- 
brane, which connects the opposed borders of the two bones of the forearm. The 
anterior border can be recognised without difficulty at its upper and lower ends, but 
it is rounded and indefinite in the intervening region. It commences just below the 
anterolateral part of the tuberosity and runs downwards with an inclination 
towards the lateral side. This part is often described as the anterior oblique 
line of the radius. The lower part of the anterior border forms a sharp crest 
along the lateral margin of the anterior surface, and can be recognised easily 
through the skin. The posterior border is clearly defined in its middle third 
only. Above, it runs obliquely upwards and medially towards die postero- 
inferior part of the tuberosity. Below, it forms a rounded ridge which is chfiicult 
to trace. 

The anterior surface lies between the anterior and the interosseous borders. 
It is slightly concave from side to side and curves forwards at its lower end. A 
little above its middle it presents a nutrient foramen, which is directed upwards. 
The posterior surface, which is bounded by the interosseous and the posterior 
borders, is generally flat but may be slightly hollowed out in its upper part. The 
lateral surface is gently convex in all directions. Above, owing to the obliquity 
of the upper parts of the anterior and posterior borders, it encroaches on the 
anterior and posterior aspects of the bone, and this widened portion is usually 
slightly roughened. A finely irregutor, rough surface occupies an oval area 
near the middle of the shaft, but below this the surface of the bone is smooth 
and featureless. 

The lower end is the widest part of the radius, and is four-sided on transverse 
section. Its lateral surface is slightly rough and projects downwards beyond the 
rest of the bone to form the styloid process. This projection can be felt through the 
skin, when the tendons which conceal it in the living body are rdaxed. 
The inferior surface of the lower end (fig. 417) is smooth and takes part in the for^ 
mation of the wrist-joint. This articular surface is divided by a faint ridge into 
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Fig. 411. — The bones of the left forearm. Anterior aspect. 


ULNA 
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Ossification (figs. 413, 414). — The radius is ossified from three centres : one 
for the shaft, and one for each end. That for the shaft appears near the middle 
in the eighth week of intrauterine life. About the close of the second 
year, ossification begins in the lower end ; and at the fifth year, in the 
upper end. The upper epiphysis fuses with the shaft at the age of seventeen 


Fia. 413. — plan of the ossification of 
the radius. From three centres. 


Head 



Lower end 


Fig. 414. — The epiphyseal lines 
of the left radius in a young 
adult. Anterior aspect. 



The line of attachment of the articular 
capsule of the wrist-joint is in blue. 


or eighteen years, the lower about the age of twenty. An additional centre 
sometimes appears in the radial tuberosity about the fourteenth or fifteenth 
year. 


THE ULNA (figs. 411, 412, 415) 

General features. — ^The ulna is the medial bone of the forearm and is parallel 
with the radius when the forearm is supine. The upper end is thick, strong and 
hook-like (fig. 415 ) 3 concavity of the hook being directed forwards. The lateral 
border of the shaft is a thin, sharp crest. This information is sufiicient to enable 
the student to refer a given ulna correcdy to its appropriate side of the body. The 
bone dimimshes in size from its upper to its lower end, which bears a small, 
rounded enlargement termed the head of the ulna. The shaft is triangular on 
section, and no diflBculty will be experienced in determining its three surfaces and 
their limiting borders. 

The bone is not perfectly straight, and shows a slight but appreciable double 
curve. Throughout its whole length it forms a gende curve, the convexity of which 
is directed backwards. In addition, the upper half or more shows a slight curva- 
ture to the lateral' side, and the lower half or less a similar curvature in the opposite 
direction. 

The upper end of the ulna (fig. 415 ) displays two substantial processes, named 



Fig. 1. — Radiograph of 
adult elbow. Frontal view. 
The shadow of the olecranon 
extends upwards to the ole- 
cranon fossa and obscures the 
outline of the trochlea. The 
gap between the humerus 
and the bones of the fore- 
arm is occupied by the arti- 
cular cartilage of the bones 
concerned. 


Fig. 2. — Radiograph of 
the elbow of a child aged 
11 years. Frontal view. The 
upper epiphysis of the radius, 
the epiphysis for the medial 
epicondyle, and the centre 
for the capitulum and lateral 
part of the trochlea can be re- 
cognised without difficulty. 



PLATE VI 



Eia. 1. — Radiograph of the elbow of a child aged 10 years. 
Lateral view. The upper epiphysis of the radius, the olecranon 
epiphysis and the centre for the capitulurn and the lateral part of 
the trochlea can be recognised without difficulty. 



Etg. 2. — Radiograph of an adult hand. 
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Fig-. 415. — The upper part of the left 
ulna. Lateral aspect. 


Olecranon 


CoTonoid 

process 


the olecranon and the coronoid process^ and two articular areas^ termed the 
trochlear (semilunar) and radial notches^ which articulate, respectively, with the 
humerus and the radius. 

The olecranon is the uppermost part of the bone. It is bent forwards at its 
summit to form a prominent beak, which is received into the olecranon fossa of the 
humerus when the forearm is extended. Its 
posterior surface, which is smooth and tri- 
angular in outline, can easily be felt through 
the skin, and its upper border forms the point 
of the elbow. The anterior surface is smooth 
and articular, and forms the upper part of 
the trochlear (semilunar) notch. The base 
of the olecranon is constricted where it joins 
the shaft, and this is the narrowest part of 
the upper end of the ulna. 

The coronoid process forms a bracket-like 
projection from the front of the bone im- 
mediately below the olecranon. Its upper 
surface forms the lower part of the trochlear 
(semilunar) notch and is therefore smooth 
and articular. The upper part of the lateral 
surface presents the shallow radial notch for 
articulation with the side of the head of the 
radius, and the bone below it is hollowed out 
to make room for the tuberosity of the radius 
during the movements of pronation and 
supination. The anterior surface of the pro- 
cess is triangular in shape and bears on its 
lower part the rough tuberosity of the ulna. 

The medial border of the process is sharp 
and bears a small, but prominent, tubercle 
at its upper end. 

The trochlear (semilunar) notch articulates 
with the trochlea of the humerus and is 
shaped accordingly. It is formed by the 
anterior surface of the olecranon and the 
superior surface of the coronoid process. 

"The bone is constricted at the junction be- 
tween these two areas, and they may be sepa- 
rated completely by a narrow, roughened 
strip. A smooth ridge, which corresponds 
to the groove of the trochlea, divides the 
notch into a larger, medial, and a smaller, 
lateral part. The medial part conforms to 
the large flange of the trochlea of the humerus. 

The radial notch (fig. 415) is an oblong, 
articular depression on the upper part of 
the lateral aspect of the coronoid process. It 

articulates with the articular circumference of the head of the radius, and is 
separated from the lateral part of the trochlear notch by a smooth ridge. 

The lower end of the ulna is slightly expanded and comprises the roimded head 
and the styloid process. The head presents a convex articular surface on its lateral 
side for articulation with the ulnar notch of the radius. Its inferior surface 
(fig. 417) is smooth and is separated from the carpus by the articular disc of the 
inferior radio-ulnar joint, which is attached by its apex to the small rough area 
interposed between the articular surface and the styloid process. The styloid 
process is a short, rounded projection which springs from the posteromedial aspect 
of the lower end of the ulna. Its tip can be felt through the skin on the postero- 
medial aspect of the wrist, where it lies about i cm. above the level of the 
tip of the styloid process of the radius. On the dorsal surface of the lower 
end a shallow groove intervenes between the head of the ulna and the styloid 
process. 

G.A. M 



Oblique line, on 
posterior surface 


Vertical ridge. 
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The shaft of the ulna is triangular in section (fig. 416) in its, upper three- 
fourthSj but is almost cylindrical in its lower fourth. The surfaces of the shaft 
are anterior, posterior and medial ; the borders, interosseous, posterior and 
anterior. 

Fig. 416. — A transverse section through the left radius and ulna, showing the attach- 
ment of the antebrachial interosseous membrane. Superior aspect. 



The interosseous border is the lateral margin of the bone and forms a conspicuous 
crest in its middle two-fourths. The upper part becomes continuous with the 
posterior border of the depression which lies below the radial notch and is here 
termed the supinator crest ; its lower part fades away on the cylindrical, lower 
portion of the shaft. The anterior border is thick and rounded. It commences 
above at the medial side of the tuberosity of the ulna and inclines backwards below 
where it can usually be traced to the base of the styloid process. The posterior 
border y also thick and rounded, commences at the apex of the posterior aspect of 
the olecranon and curves laterally as it descends. Inferiorly, it is very in^stinct 
as it descends to the styloid process. Throughout its whole length this border can 
easily be felt through the skin. 


Fig. 417. — The lower ends of the right radius and ulna. 
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The anterior surface of the ulna (fig. 41 1) is placed between the interosseous and 
Ae anterior borders, and is gently (sometimes deeply) grooved in its long axis. In 
its inferior part it is crossed obliquely by a rough strip, of variable prominence, 
which runs do^wards from the interosseous border to the anterior border. The 
medial surface is bounded by the anterior and the posterior borders. Convex from 
side to side, it is smooth and featureless. Tfixt posterior surface (fig. 412) lies between 
the^ posterior and the interosseous borders. It is subdivided into three areas, of 
which the uppermost is limited by an oblique line — ^not always easily discernible — 
which runs upwards and medially from the junction of the middle and upper thirds 
of the posterior border to the posterior end of the radial notch. The region 
below this line is divided into a larger medial and a. narrower lateral strip by a 
vertical ridge, usually distinct in its upper three-fourths but difficult to determine 
in its lower part. 

Particular features. The upper surface of the olecranon gives attachment, in front, to 
the capsular ligament of the elbow- joint ; in its posterior two-thirds, which are roughened, 
it provides insertion for the tendon of the triceps muscle. Occasionally these two areas 
are separated by a smooth bursal area. The medial surface of the process is marked in its 
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upper part by a rough elevation, which gives attachment to the posterior and oblique 
bands of the medial ligament of the elbow- joint and the nina.r head of the flexor carpi 
ulnaris. Its lower part is smooth and gives origin to the uppermost fibres of the flexor 
digitorum profundus. The lateral surface of the process, and the adjoining part of the 
posterior surface of the shaft down to the oblique line already mentioned (p. 364), gives 
insertion to the anconeus muscle. Its posterior surface is separated from the skin by a 
bursa. 

The anterior surface of the coroTioid procesSy including the tuberosity of the ulna, receives 
the insertion of the brachialis muscle. Its medial border is sharp, and a smaU, roimded 
tubercle is situated at its upper end. This tubercle gives attachment to the oblique and 
anterior bands of the medial hgament of the elbow- joint and to the lowest part of the 
humero-ulnar head of the flexor digitorum sublimis muscle. Below the tubercle the margin 
gives origin to the coronoid head of the pronator teres, and below that to an occasional 
coronoid head of the flexor pollicis longus. The medial surface of the process is concave 
and gives origin to fibres of the flexor digitorum profundus. The anterior and pos- 
terior borders of the radial notch provide attachment for the ligament of 

the radius. The depressed area below the notch is limited behind by the supinator 
crest ; the supinator muscle arises from the crest and from the adjoining part of the 
depression. 

The part of the trochlear notch which is formed by the olecranon is, typically, divided 
into three areas. Of these the most medial faces forwards and sb’ghtly medially and is 
hollowed out to fit the medial flange of the trochlea : the intermediate area is flattened and 
fits the lateral flange of the trochlea ; the most lateral area, which forms a narrow strip 
directed to the radial side, comes into contact with the trochlea only when the elbow is 
extended. The constriction of the articular surface is more pronounced than the constric- 
tion of the base of the olecranon. The resulting small non-articular parts of the anterior 
surface of the olecranon are covered in the fresh specimen and in life by tag-like processes 
of the synovial membrane which contain a little fat (fig. 533). The coronoid part of the 
trochlear notch is divided into medial and lateral parts, which correspond, respectively, to 
the medial and intermediate parts of the olecranon area. Of these the medial is hollowed 
out much more than the lateral, in conformity with the convexity of the medial flange of the 
trochlea. The medial and anterior borders of this area give attachment to the medial and 
anterior portions of the capsular ligament of the elbow- joint. 

The carrjdng angle and its functional importance are described on p. 467. 

The subcutaneous posterior border of the ulna gives attachment to the deep fascia of the 
forearm, which acts, in its upper three-fifths, as an additional origin for the flexor carpi 
ulnaris, and in its middle third as an additional origin for the extensor carpi ulnaris. Both 
of these muscles are therefore connected to the posterior border. The interosseous border is 
usually continuous above with the supinator crest. Except at its upper end it gives attach- 
ment to the interosseous membrane of the forearm. The rounded anterior border is covered 
in its upper three-fourths by the flexor digitorum profundus, to which it gives origin. 

The anterior surface gives origin in its upper three-fourths to the flexor digitorum pro- 
fundus. In the same extent the muscle aris^ also from the anterior border and the medial 
surface, extending upwards on to the medial sides of the coronoid process and the olecranon. 
The rough strip which crosses the lower fourth of this surface provides origin for the pronator 
quadratus. The anconeus is inserted into the posterior surface above the obfique line already 
mentioned, and extends upwards on to the lateral aspect of the olecranon. The narrow 
strip between the interosseous border and the vertical ridge gives part origin to three of the 
deep muscles of the forearm. The abductor polh'cis longus arises from its upper fourth, and 
a ridge may separate this area from the succeeding fourth, which gives attachment to the 
extensor pollicis longus. The extensor indicis is attached to the third fourth of this 
area. The broad strip to the medial side of the vertical ridge is devoid of muscular attach- 
ments but is covered by the extensor carpi ulnaris, the tendon of which occupies the groove 
on the posterior aspect of the lower end of the bone. The medial ligament of the wrist-joint 
is attached to the tip of the styloid process. The articular disc separates the head of the ulna 
from the medial part of the lunate bone and, in ulnar deviation of the hand, from the tri- 
quetral bone. 

Structure. — The structure of the uhia is similar to that of the other long 
bones. 

Ossification (figs. 418, 419). — The ulna is ossified from three centres : one 
each for the shaft, the lower end, and the top of the olecranon. Ossification 
begins near the middle of the shaft, about the eighth week of intrauterine life, 
and soon extends through its greater part. About the fourth year, the centre for 
the lower end appears in the middle of the head, and extends into the styloid 
process. About the tenth year, a centre appears in the olecranon and forms 
a thin scale for the top of the process, the chief part of the process being formed 
by an upward extension of the shaft ; sometimes the upper part of the olecranon 
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is ossified from two centres. The upper epiphysis joins the shaft about, 
the sixteenth, the lower about the twentieth year. The former may take 
part in the formation of the semilunar notch although it does not usually 
do so. 

Applied Anakmy — When indirect force is applied to the forearm the radius as a rule 
gives way, though both bones may suffer. Fractures from indirect force generally take 
place somewhere about the middle of the bones, while those from direct violence may 
occur at any part, but are most frequent in the lower half of the bones. A point of interest 


Fig. 418. — plan of the ossification of 
the ulna. From three centres. 

Olecranon 



Fig. 419. — The epiphyseal lines of the left 
ulna in a young adult. Lateral aspect. 



The lines of attachment of the articular 
capsules are in blue. 


in connexion with these fractures is the tendency for the two bones to unite across the 
interosseous membrane ; the limb should therefore be put up in a position midway between 
supination and pronation, which is not only the most comfortable position, but also separates 
the bones most widely from each other. 

The special fractures of the ulna are : (1) Fracture of the olecranon : the most common 
fracture is at the constricted portion where the olecranon joins the shaft of the bone, and 
the fracture is usually transverse ; but any part may be broken, and even a thin shell 
may be torn off. If the fibrous structures around the process are not tom, the displacement 
is slight, otherwise the olecranon may be drawn up for a very considerable distance. 
(2) Fracture of the coronoid process may occur as a complication of dislocation backwards 
of the bones of the forearm, but it is doubtful if it ever takes place as an uncomplicated 
hijiiry. (3) Fractures of the shaft of the ulna may occur at any part, but usually take place 
at or a little below the middle of the bone. (4) The styloid process may be knocked off by 
direct violence. 

Fractures of the radius may consist of : (1) Fracture of the head of the bone. (2) Frac- 
ture of the neck. (3) Fractures of the shaft of the radius are very common, and may take 
place at any part of the bone. In fracture of the upper one-third of the shaft — that is 
to say, above the insertion of the pronator teres — the displacement is very great. The 
upper fragment is strongly supinated by the biceps and the supinator, and flexed by the 
biceps ; while the lower fragment is pronated and drawn towards the nlTia. by the two pron- 
ators. If such a fracture is put up in the ordinary position, midway between supination 



THE CARPUS 


357 


and pronation, the bone will unite with the upper fragment in a position of supination, 
and the lower one in the mid-position, and thus considerable impairment of the movement 
of supination will result ; the h'mb should therefore be put up with the forearm supinated. 
(4) The most important fracture of the radius is that of the lower end (Colles’s fracture). 
The fracture is transverse, and generally takes place about 2-5 cm. from the lower end. 
Separation of the lower epiphysis of the radius may take place in the young. This injury 
and Colles’s fracture may be distinguished from other injuries in this neighbourhood — 
especially dislocation of the wrist, with which they are liable to be confounded — ^by observ- 
ing the relative positions of the styloid processes of the ulna and radius. In the natural 
conditions of parts, with the arm hanging by the side, the styloid process of the radius is 
on a lower level than that of the ulna. After fracture or separation of the epiphysis the 
styloid process of the radius is on the same level as, or on a higher level than, that of the 
ulna, whereas it would be unaltered in position in dislocation. 


THE SKELETON OP THE HAND 

The skeleton of the hand has three segments ; (i) the carpal or wrist bones ; 
(2) the metacarpal bones or bones of the palm ; and (3) the phalanges or bones of 
the digits. 


THE CARPUS (figs. 420-423) 

General features. — The carpus is made up of eight short bones, which are 
arranged in a proximal and a distal row, each containing four bones. The carpal 
bones of the proximal row are named, from the laterd to the medial side, the 
scaphoid (navicular)^ lunate^ triquetral and pisiform ; those of the distal row, the 
trapezium (os multangulum majus)y the trapezoid (os multangulum minus\ the capitate 
and the hamate. Of these, the pisiform is placed on the anterior surface of the 
triquetral and is separated from the other carpal bones, all of which articulate with 
their immediate neighbours. The other bones of the proximal row form an arch 
convex upwards, which articulates with the radius and the articular disc of the 
inferior radio-ulnar joint. The concavity of the arch is directed downwards and 
forms a mortise for the upwardly projecting parts of the capitate and hamate bones. 
In this way the two rows are locked to each other and stability is assured. 

The dorsal aspect of the whole carpus is gently convex from side to side, but the 
anterior surface is deeply concave, owing to the presence of certain forward projec- 
tions on its lateral and medial borders. Tht pisiform hone lies at the medial part of 
the upper border of the muscular prominence (hypothenar eminence) which marks 
the medial portion of the palm, and its position on the front of the triquetral makes 
it easy to feel through ±e skin. In addition, the distal part of the hamate hone bears 
a hook-like process on its anterior surface. The concavity of the hook is directed to- 
wards the lateral side and its tip can be identified in the living subject. It lies 2*5 cm. 
distal to the pisiform and in line with the ulnar border of the ring finger. The 
projecting lateral border of the carpal groove is formed by the tubercle of the 
scaphoid and the crest of the trapezium. The tubercle is placed on the distal part of 
the anterior surface of the scaphoid and can be felt — and sometimes seen — as 
a small, rounded knob, at the medial part of the upper border of the muscular pro- 
minence (thenar eminence) which marks the lateral portion of the palm. The crest 
of the trapezium forms a rounded ridge which runs vertically across the anterior 
surface of the bone, being slightly hollowed out on its medial side. It lies immedi- 
ately below and slightly lateral to the tubercle of the navicular, and can be felt only 
on deep pressure. The margins of the groove give attachment to a strong fibrous 
retinaculum, which retains the flexor tendons within an osteofibrous, carpal tunnel * 
and so increases the efficiency of the flexor muscles. In addition, the retinaculum 
serves to increase the stabihly of the carpus. The anterior and posterior surfaces 
of the carpal bones — apart from the triquetral and the pisiform — are rough for the 
attachment of ligaments (radiocarpal, intercarpal and carpometacarpal). 







THE CARPUS 


Fig, 422. — The carpus and metacarpus of 
the left hand. Dorsal aspect. 


/^Metacarpal bones 
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THE INDIVIDUAL CARPAL BONES 
The Scaphoid Bone [Os Scaphoidetjm] 

The scaphoid (B.N.A. navicular) hone (figs. 424, A and B) is named from its fancied resem- 
blance to a boat. It is the largest bone in the proximal row and lies with its long axis 
directed downwards, laterally and slightly forwards. The tubercle forms a rounded eleva- 
tion on the lower part of the anterior surface and is directed slightly to the lateral side. It 
gives attachment to the flexor retinaculum and a few fibres of the abductor poUicis brevis, 
and is crossed by the tendon of the flexor carpi radialis, which should be relaxed when the 


Fig. 424. — The left scaphoid bone. 
Viewed (A) from behind, and (B) from in front. 



bony prominence is being examined. The posteri(yr surface is rough and slightly grooved, 
and is narrower than the anterior surface. The lateral surface, also narrow and roughened, 
gives attachment to the lateral ligament of the wrist-joint. The remaining surfaces of the 
bone are articular. The radiol surface is convex and is directed upwards and laterally. The 
lunate surface is a flattened, narrow semilune, directed medially. The capitate surface, large 
and concave, is directed medially and downwards. The surface for the trapezium and the 
trapezoid hones forms a continuous convex area, directed downwards. 


The Lunate Bone [Os Ltjnatum] 

The lunate bone (figs. 425, A and B), distinguished by its crescentic outline, is placed be- 
tween the scaphoid and the triquetral bones in the middle of the proximal row of the carpus. 
The rough, anterior surface, almost triangular in outline, is larger and wider than the rough, 
posterior surface. The smooth, convex, proximal surface articulates with the radius and the 


Fig. 425. — The left lunate bone. 

A, Inferomedial aspect. B. Superolateral aspect. 



articular disc of the inferior radio-ulnar joint. The lateral surface is narrow and presents a 
flat, semilunar facet for articulation with the scaphoid. The medial surface articulates with 
the triquetral and is almost square. It is separated from the distal surface by a curved 
ridge, which is usuaUy somewhat hollowed out (fig. 425, A) for articulation with the edge of 
the wedge-shaped hamate bone (fig. 420). The disM surface is deeply concave to accom- 
modate the medial part of the head of the capitate bone 
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The Tbiqubtral Bone [Os TECQUBrEtiM] 

The triquetral bone (fig. 426), usually pyramidal in shape, is distinguished by an oval, 
isolated, smooth facet for articulation “with the pisiform, which tyiat Itr the distal part 
of its rough, anterior surface. The medial and dorsal surfaces are confluent. Rough distally 
for the attachment of the medial ligament of the wrist-joint, this aspect is smooth in its 
proximal part, which articulates with the articular disc of the. inferior radio-ulnar joint in 
full adduction of the hand. The Tiaynate surface^ directed laterally and downwards, forms a 
concavo-convex area, broad proximally and narrow distally. The lunate surface, almost 
square, is directed upwards and laterally. 


Fig. 426. — The left triquetral bone. Fig. 427. — The left pisiform bone. 

Palmar aspect. Dorsal aspect. 

For pisiform lone For lunate bone triquetral bone 



For hmnate hone 


The Pisiform: Bone [Os Pisiforme] 

The pisiform bone (fig. 427), shaped like a pea with one flattened surface, can be distin- 
guished by the fact that it possesses only one articular facet. This is on the posterior surface 
of the bone to articulate with the triquetral, and its long axis runs downwards and laterally. 
The non-articular part of the bone tends to project downwards beyond the articular surface, 
and the lateral aspect is somewhat flattened, while the medial aspect is convex. The flexor 
carpi ulnaris is inserted on the anterior surface and its true continuation, viz., the piso- 
metacarpal ligament, to the distal part of the bone. The flexor retinaculum (transverse 
carpal ligament) is attached to the anterior part of the lateral aspect, while the abductor 
digit! minimi and the extensor retinaculum (dorsal carpal ligament) are attached to the 
medial aspect. The area surrounding the articular facet is slightly constricted and gives 
attachment to the capsular ligament of the pisotriquetral joint. 


The Trapezium Bone [Os Trapezium] 

The trapezium (greater multangular) bone (fig. 428) can be identified by the crest and 
groove which mark its rough, anterior surface^ The groove, which is medial to the crest, 
lodges the tendon of the flexor carpi radialis, and its margins give attachment to the 
two layers of the flexor retinaculum (fig. 629 and p. 609). The crest is obscured to a 
large extent by the origin of the muscles of the thenar eminence. The opponens poUicis 

Fig. 428. — The left trapezium bone. Palmar and superomedial aspects. 


Groove For scaphoid hone 



For 1st metacarpal bone carpal bone 


arises from its middle part, the flexor poUicis brevis from its distal part and the abductor 
poUicis brevis from its proximal part (fig. 421). The elongated, rough, dorsal surface is closely 
related to the radial artery, before it passes forwards into the palm to become the deep 
palmar (volar) arch. The lateral surface also is large and rough for the attachment of the 
lateral ligament of the wrist-joint and the capsular ligament of the carpometacarpal joint 
of the thumb. A large saddle-shaped surface is direct^ downwards and laterally for artic- 
ulation with the base of the metacarpal bone of the thumb. The most distal part of the bone 
projects slightly between the bases of the first and second metacarpal bones and is covered 
with a small, quadrilateral facet which is directed downwards and medially to articulate 
with a corresponding facet on the posterior part of the lateral aspect of the base of the second 
G.A. m2 


362 


OSTEOLOGY 


metacarpal bone. The medial surface is covered with a large, gently concave facet for artic- 
ulation with the trapezoid bone. The proximal surface is occupied by a small, slightly 
hollowed out facet, which articulates with the scaphoid bone. 


The Thapezoid Bohb [Os Trapezoideum] 

The trapezoid (lesser multangular) bone (fig. 429) is small and very irregular in shape. 
The anterior surface is rough, narrow and considerably smaller than the rough, dorsal surface. 
It is continued for a short distance on to the inferolateral aspect. The distal surface artic- 

Fiq. 429. — The left trapezoid bone. Superomedial and inferolateral aspects. 

For scaphoid hone Palmar surface For trapezium 



bone 


ulates with the grooved base of the second metacarpal bone. Triangular in outline, it is 
convex from side to side and concave from before backwards. The medial surface articulates 
with the distal part of the capitate bone, by means of a slightly concave facet. The dorsal 
part of this area is often rough for the attachment of an interosseous ligament. The lateral 
surface articulates with the trapezium, and the distal surface with the scaphoid bone. 


The Capitate Bohe [Os Capitatum] 

The capitate bone (fig. 430) is the largest of the carpal bones and is placed opposite the 
base of the third metacarpal bone ; it is therefore more or less central in position. The distal 
surface is roughly triangular and forms a conoavoconvex facet for articulation with the 
base of the third metacarpal bone. Its lateral border is marked by a concave strip which 


Fiq. 430. — ^The left capitate bone. Lateral and medial aspects. 

For lunate boyie 


For scaphoid hone- 
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Palmar surface 


articulates with the medial side of the base of the second metacarpal bone, and its postero- 
medial angle usually bears a small facet for the fourth metacarpal bone. The convex head 
is received into the concavity formed by the lunate and scaphoid bones. Its proximal surface 
articulates with the lunate and its lateral surface with the scaphoid. ’ The facet for the 
scaphoid is usually continuous with the facet for the trapezoid on the lower part of the 
lateral surface of the bone, but the two may be separated by a rough interval. The 
medial surface presents a large facet for the hamate bone, deeper above than below, 
where a part of the surface is non-articular and gives attachment to a strong interosseous 
ligament. The anterior and posterior surfaces are roughened ; the posterior is the larger 
of the two. 


The Hamate Bone [Os Hamatum] 

The hamate bone (fig. 431) can be identified easily by its wedge-shaped form and the 
hook-like process which projects from the distal part of its rough, anterior surface. The 
concavity of the hoolc is directed to the lateral side, and takes part in the formation of the 
carpal tunnel. Its tip gives attachment to the flexor retinaculum (transverse carpal 
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ligament), and more medially to the flexor and the opponens digiti minimi. The distal 
aspect of the base of the hook occasionally shows a slight transverse groove for the deep 
terminal branch of the ulnar nerve. The rest of the anterior surface, like the posterior sur- 
fcux,, is rough for the attachment of ligaments. The distal surface is divided into two articular 
surfaces by a faint ridge : of these, the smaller, lateral facet articulates with the base of 

Fig. 431. — The left hamate bone. Medial and inferolateral aspects. 


For lunate bone 



For bill metaxxirpal hone Hooh For 5th metacarpal bone 

the fourth, and the larger, medial facet with the base of the fifth metacarpal bone. The 
proximal surface is the cutting edge of the wedge and usually bears a narrow facet for the 
lunate bone. The medial surface is covered by a broad articular strip, convex above 
and concave below, for the triquetral bone. The lateral surface articulates with the capitate 
bone by means of a facet which covers all but the antero-inferior part of the surface. 


THE METACARPUS 

General features. — The metacarpus (figs. 420-423) comprises five metacarpal 
bones^ which are numbered from the lateral to the medial side. They are minia- 
ture long bones, and each possesses a rounded head, a shaft and an expanded base. 
The head is at the distal end of the bone and articulates with the proximal phalanx. 
Its oblong, articular surface is convex, the degree of convexity being less in the 
transverse than in the anteroposterior direction, and extends farther upwards on 
the palmar surface than on the dorsal surface. The prominence of the knuckles 
is produced by the heads of the metacarpal bones. The bases of the metacarpal 
bones are formed by their expanded proximal ends, which articulate with the 
distal row of the carpus and with one another — save that the first metacarpal bone 
is isolated from the rest and does not articulate with the metacarpal bone of the 
index. The shafts are concave longitudinally on their palmar surfaces, an arrange- 
ment which provides a hollow for the lodgment of the muscles of the palm. The 
dorsal surface of each presents a flattened triangular area in its distal part, continued 
proximaUy as a rounded ridge. These flattened areas can be felt on the back of the 
hand in the living subject immediately proximal to the knuckles. 

It should be observed that, whereas the medial four metacarpal bones lie side 
by side, the first metacarpal bone lies on a more anterior plane and that it is rotated 
medially round its long axis through an angle of 90°. As a result of this rotation 
its morphologically dorsal surface is directed to the lateral side, its radial border 
forwards, its palmar surface medially, and its ulnar border bacWards. By virtue 
of its anterior position the thumb moves medially in front of the palm when it is 
flexed and it can be opposed to each of the fingers in turn. The ability to oppose 
the thumb to the fingers is rendered possible by the rotation of the bone me^ally. 
It is the most important factor in rendering the hand an eflScient instrument for 
prehension, for, when an object is grasped in the hand, the fingers encircle it from 
one side and the thumb from the other, and the power of the grip is increased very 
greatly thereby. 


The Chaeactees oe the InniviDirAL Metacaepal Bones 

The first metacarpal bone (fig. 432) shorter and stouter than any of the others. Its 
dorsal surface is directed laterally, a fact which can easily be confirmed in the living hand, 
and its long axis passes downwards and laterally, diverging from its neighbour. The shaft 
is flattened and its dqrsal surface is uniformly broad and convex from side to side. The 
palmar surface is concave from above downwards and is subdivided by a rounded ridge into 
a larger anterolateral and a smaller anteromedial surface. The opponens pollicis is inserted 
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into tlie radial border and the adjoining part of the anterolateral surface ; the radial head 
of the first dorsal interosseous muscle arises from the ulnar border and the adjoining part 
of the anteromedial surface. The hose presents a concavoconvex surface for articulation 

with the trapezium (greater multangular bone). On 
its lateral side it receives the insertion of the abductor 
poUicis longus ; its ulnar side gives origin to the first 
palmar interosseous muscle (deep head of the fiexor 
poUicis brevis). The head is less convex than the heads 
of the other metacarpal bones, and is broader from side 
to side than from before backwards. On its palmar 
surface the ulnar and radial corners are enlarged to form 
two articular eminences, on each of which a sesamoid 
bone glides. 

The second metacarpal bone (fig. 433) is the longest 
of all the metacarpal bones, and its base is the largest. 
It can be identified by its grooved hose. This groove 
(fig. 629) is concave from side to side and convex antero- 
posteriorly : it articulates with the trapezoid (lesser mult- 
angular) bone. It is bounded on its medial side by a 
deep ridge, the edge of which articulates with the capitate 
bone. The lateral side of the base is marked, nearer the 
dorsal than the palmar surface, by a small, quadrangular 
facet for the trapezium (os multangulum majus). Im- 
mediately behind this facet, i.e. on the lateral part of the 
dorsal surface of the base, a small rough impression gives 
insertion to the extensor carpi radialis longus. The 
palmar surface provides a small tubercle or ridge for the insertion of the flexor carpi radialis. 
The medial side of the base articulates with the lateral side of the base of the third meta- 
carpal bone by a strip -like facet which is constricted at its middle. 

The shaft is prismoid in form and curved so as to be convex backwards in its long axis 
and concave forwards. It has medial, lateral and dorsal surfaces. The dorsal surface is 
broad near the head but narrows into a ridge as it approaches the base. This surface is 
covered by the extensor tendons of the index finger, and its converging borders commence 


Fig. 432. — The first left meta- 
carpal bone. Lateral and 
medial aspects. 



For trapezium For trapezium 


Fig . 433 . — The second left metacarpal bone. Fig . 434. — The third left metacarpal bone. 

Dorsilateral and medial aspects. Lateral and medial aspects. 



in two little tubercles, which are situated one on each side of its head. The lateral surface 
inclines dorsally at its proximal end : it gives origin to the ulnar head of the first dorsal 
interosseous muscle. The medial surface also inclines dorsaUy at its proximal end and is 
divided into two nearly parallel strips by a faint ridge. Of these, the anterior gives origin 
to the second palmar interosseous and the posterior to the radial head of the second dorsal 
interosseous muscle. 
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The tubercles at the side of the head provide attachment for the collateral ligaments of 
the metacarpophalangeal joint. 

The third metacarpal bone (fig. 434) can be identified by means of the short styloid 
process which projects upwards from the radial side of the dorsal surface of its base. The 
hose articulates, proximally, with the capitate bone by means of a facet which is convex in 
front but concave behind, where it covers the anteromedial aspect of the styloid process. 
The lateral aspect of the base is marked by a strip-like facet, constricted at its middle, 
for articulation with the metacarpal bone of the index. On its medial side it articulates 
with the base of the fourth metacarpal bone by means of two small, discrete oval facets. 
Sometimes the anterior facet is absent, and less frequently the two may be connected by a 
narrow bridge along the medial border of the base. The palmar surface of the base receives 
a slip from the flexor carpi radialis tendon, while its dorsal surface, immediately beyond the 
styloid process, gives insertion to the extensor carpi radialis brevis; 

The shaft resembles the shaft of the metacarpal bone of the index. Its lateral surface 
gives origin to the ulnar head of the second dorsal interosseous and its medial surface to the 
radial head of the third dorsal interosseous muscle. The palmar ridge which separates these 
two surfaces gives origin, in its distal two-thirds, to the transverse head of the adductor 
poUicis. Its dorsal surface is covered by the extensor tendon of the middle finger. 


Fig. 435. — ^The fourth left metacarpal Fig. 436. — The fifth left metacarpal bone, 
bone. Lateral and medial aspects. Lateral and medial aspects. 



tone metacarpal tone tone 


The fourth metacarpal bone (fig. 435) is shorter and more slender than the metacarpal 
bones of the index and middle fingers. It can Be identified by examination of the sides of 
its hose. The lateral aspect bears two small, oval, discrete facets for articulation with the 
third metacarpal bone. Of these the posterior is usually (but not always) the larger, and its 
proximal part comes into contact with the capitate bone. The medial aspect is marked 
by a single elongated facet for the fifth metacarpal bone. The proximal surface articulates 
with the hamate bone by a quadrangular facet which is convex in front and concave 
behind. 

The shaft resembles the shaft of the metacarpal bone of the index finger, but its lateral 
surface is traversed by a faint ridge, which separates the origin of the third palmar inter- 
osseous in front, from the origin of the ulnar head of the third dorsal interosseous muscle, 
behind. The medial surface gives origin to the radial head of the fourth dorsal interosseous 
muscle. 

The fifth metacarpal bone (fig. 436) can be identified by the fact that the medial surface 
of the hose is non-articular and presents . a tubercle for the insertion of the extensor carpi 
ulnaris. The proximal surface of the base is covered by a facet, concave from side to side 
and convex from before backwards, for articulation with the hamate bone. Its lateral 
aspect presents an elongated strip-like facet for the fourth metacarpal bone. 

The shaft is characterised by the fact that the triangular area on its dorsal surface 
reaches almost to the base and that only the lateral surface inclines dorsally at its proximal 
end. The medial surface gives insertion to the opponens digiti miiu m i ; the lateral surface 
is divided by a longitudinal ridge, sometimes quite sharp and distinct, into an anterior strip 
for the origin of the fourth palmar interosseous, and a posterior strip for the origin of the 
ulnar head of the fourth dorsal interosseous muscle. 
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THE PHALANGES OE THE HAND 

General features. — The phalanges are fourteen in number, three for each 
finger and two for the thumb. Each has a head, a shaft and a base or proximal 
end. In each the shaft tapers to its distal end and its dorsal surface is convex. 
The palmar surface is flattened from side to side, but is gently concave forwards in 
its long axis. The bases of the proximal phalanges are marked by concave, oval 
facets for articulation with the heads of tie metacarpal bones. Their heads are 
pulley-shaped and ascend farther on the palmar than on the dorsal surfaces. To 
conform to the shape of the head of the proximal phalanx, the base of a middle 
phalanx is marked by two small, concave facets separated by a smooth ridge. The 
head of the middle phalanx also is pulley-shaped and the base of the distal phalanx 
conforms to it. The head of the ^stal phalanx is non-articular, but is marked on 
its palmar surface by a rough, horseshoe-shaped tuberosity^ which serves to support 
the pulp of the finger-tip. 

Particular features.- — In addition to providing attachment for the ligaments of the joints 
in which they participate, the phalanges give insertion to numerous muscles. The base of 
the distal phalanx gives attachment on its palmar surface to the corresponding tendon of the 
flexor digitorum profundus and on its dorsal surface to the extensor digitorum. The sides of 
the middle phalanx receive the insertion of the flexor digitorum suhlimis tendon (p. 600) and 
the fibrous flexor sheath. Its base gives attachment on its dorsal surface to a part of the 
extensor digitorum tendon. The sides of the proximal phalanx give attachment to the 
fibrous flexor sheath. Its base receives, on its lateral side, part of the insertion of the cor- 
- responding lumhrical muscle and an interosseous muscle, and on its medial side another 
interosseous muscle. 

The phalanges of the Utile finger and the thumb differ in certain respects from the other 
three. The medial side of the base of the proximal phalanx of the little finger receives the in- 
sertion of the abductor digiti minimi and the flexor digiti minimi. The base of the proximal 
phalanx of the thumb receives on its dorsal surface the tendon of the extensor pollicis 
brevis ; on its lateral surface the abductor pollicis brevis, the flexor pollicis brevis and the 
lateral part of the oblique head of the adductor pollicis ; and, on its medial surface, the 
transverse and the remainder of the oblique head of the adductor pollicis and the first palmar 
interosseous muscle (deep head of the flexor pollicis brevis). The margins of the proximal 
phalanx of the thumb are not sharp like those of the other digits, as the fibrous flexor sheath 
is not so strongly developed m the case of the thumb. 


The Ossification of the Bones of the Hand 

The centre for the capitate bone, which may be present at birth in the female, 
is the first to appear and that for the pisiform bone is the last, but the order in 
which the other carpal bones ossify is subject to considerable variation. In the 
male, the capitate and the hamate ossify during the first year ; the triquetral 
bone, during the third year ; the lunate, trapezium and scaphoid bones, 
during the fifth and sixth years ; the trapezoid bone, during the eighth year ; 
and the pisiform bone, about the twelfth year. 

Occasionally an additional bone, named the os centrale, is found between the 
scaphoid, trapezoid and capitate bones. During the second month of intra- 
uterine life it is represented by a small cartilaginous nodule which usually fuses 
with the cartilaginous scaphoid. Sometimes the styloid process of the third 
metacarpal bone is detached and forms an additional ossicle. 

The metacarpal bones are each ossified from two centres : a primary centre 
for the shaft, and a secondary or epiphyseal centre for the base or proximal 
end of the first and for the head or distal end of each of the other four. The 
metacarpal bone of the thumb is ossified like a phalanx, and therefore spme 
anatomists look upon the skeleton of the thumb as consisting of three phalanges, 
and not of a metacarpal bone and two phalanges ; others believe that the distal 
phalanx represents fused middle and distal phalanges, a condition which has 
occasionally been observed in the little toe.* Ossification begins in the middle 
of the shaft about the eighth or ninth week of intrauterine life, the centres for 
the second and third metacarpal bones being the first to appear, and that for the 
first metacarpal bone the last. About the third year the base of the fibrst 

* See note on opposite page. 
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metacarpal bone, and the heads of the other metacarpal bones, begin to ossify ; 
they unite with the shafts about the twentieth year. 

It has been suggested (Parsons) that the presence of an epiphysis only at 
the distal end of a typical metacarpal may be associated with the greater range 
of movement w'hich the metacarpophalangeal joint enjoys. In the thumb, on 
the other hand, it is the carpometacarpal joint which possesses the wider range 
of movement, and the presence of a basal epiphysis in the first metacarpal bone 
may be attributable to this fact.* Occasionally a distal epiphysis also is present 
in the first, and a basal or proximal epiphysis sometimes occurs in the second 
metacarpal. 

Fig. 437. — The bones of the hand of a child, indicating the general plan of ossification. 



The phalanges are each ossified from two centres ; a primary centre for 
the shaft, and a secondary or epiphyseal centre for the proximal extremity. 
Ossification begins in the shaft about the eighth week of intrauterine life. The 
epiphyses for the bases of the proximal row of phalanges appear between the 
third and fourth years, and those for the middle and distal rows of phalanges a 
year later. All unite with the shafts between the eighteenth and twentieth years. 

In the distal phalanges the centres for the shafts appear at the distal ends 
instead of at the middle of the shafts, as in the other phalanges. Moreover, of 

* Broom (Origin of the Human Skeleton, Witherby, London, 1930) has put forward an 
ingenious explanation for the peculiar mode of ossification of the metacarpal bone of the 
thumb. His theory has recently been subjected to serious criticism by Nicholson (“ Studies 
on Tumour Formation,” Guy's Hospital Reports, vol. 87, No. 1, 1937), who has brought 
forward evidence to show that, when the thumb possesses an additional phalanx, the con- 
dition is always associated with the presence of a distal as well as a proximal epiphysis for 
its metacarpal bone. The metacarpal bone of the thumb sometimes bifurcates at its distal 
end. In these cases the medial branch, which has a distal epiphysis, bears a digit with 
three phalanges, while the lateral branch, which has no distal epiphysis, bears a digit with 
two phalanges. 
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all the bones of the hand, the distal phalanges are the first to ossify, and the 
middle phalanges the last. 

Applied Anatomy . — The use of X-rays has shown that the carpal bones are more fre- 
quently fractured than was formerly supposed. When a single bone is broken it is usually 
the scaphoid or the capitate (more frequently the scaphoid) and the fracture runs at right 
angles to the long axis of the bone. 


THE BONES OF THE LOWER LIMB 
THE HIP-BONE (OS COX^) 

General features. — The hip-bone (figs. 438-441) is a large^ irregularly 
shaped bone, constricted in the middle and expanded above and below. Its lateral 
surface is marked near its middle by a deep, cup-shaped hollow, termed the 
acetabulum, which forms a secure socket for the rounded head of the femur. 
Below and in front qfthe acetabulum the bone presents a large, oval, or triangular, 
gap, termed the obturator foramen* Above the acetabulum the bone forms a 
wide, flattened plate, with a long, curved upper border termed the iliac crest. 
With this information the student should have no difficulty in assigning a given 
hip-bone to its appropriate side of the body. 

The hip-bone articulates in front with the corresponding bone of the opposite 
side and the two bones form the pelvic ^dle or girdles of the lower limbs (p. 331). 
Each consists of three parts, named the ilium, the ischium and the pubis, whidh are 
connected by cartilage in the yoxmg subject but are united by bone in the adult ; 
the union of the three parts takes place in the walls of the acetabulum. The lines 
of fusion are shown as stippled bands in figs. 439 and 441. The ilium includes the 
upper part of the acetabulum and the expanded, flattened area of bone above it ; 
the ischium includes the lower part of the acetabulum and the bone below and 
behind ; the pubis forms the anterior part of the acetabulum and separates the 
ilium from the ischixun in this situation ^ in addition, it forms the anterior part of 
the lower portion of the hip-bone and meets the pubis of the opposite side in the 
median plane. 

The ilium* — General features. The ihum, so named because it supports the 
flank, possesses two ends and three surfaces. The lower end is the smaller and 
forms rather less than the upper two-fifths of the articular surface of the acetabulum ; 
the upper end is greatly expanded and compressed to form the iliac crest The 
surfaces are named the gluteal surface, the sacropelvic surface and the iliac fossa. 
The gluteal surface is Erected backwards and laterally and forms an extensive 
rough area ; the iliac fossa is smooth and gently hollowed out and occupies the 
anterior and upper part of the medial aspect of the ilium ; the sacropelvic surface 
also is placed on the medial aspect and lies behind and below the iliac fossa, sepa- 
rated from it by a ridge termed the medial border. 

• The iliac crest is situated at the upper end of the ihum. It is convex upwards in 
its general outline, but is sinuously curved, being concave inwards in front and con- 
cave outwards behind. Its anterior and posterior extremities project a little beyond 
the bone belgw and are termed respectively the anterior and the posterior superior 
iliac spines. The anterior superior spine lies at the lateral end of the fold of the groin 
and can be felt without difficulty in the living subject ; the posterior superior spine 
cannot be felt but it can be identified readily, because its position is indicated by a 
small dimple, which lies about 4 cm. lateral to the second spinous tubercle of the 
sacrum above the medial part of the buttock. Morphologically the crest consists 
of a long ventral and a shorter dorsal segment. The ventral segment forms rather 
more than the anterior two-thirds of the crest and is associated with alterations 
in the form of the ilium which were necessitated by the adoption of the erect 
attitude ; the dorsal segment forms rather less than the posterior third of the crest 
and can be identified in all animals. The ventral segment of the crest is bounded 
by an outer and an inner lip^ enclosing a rough intermediate area^ which is narrowest 
at its middle and becomes wider both in front and behind. The tubercle of the 
crest (fig. 438) forms a prominent projection on the outer lip about 5 cm. or more 
behind and above the anterior superior spine. The dorsal segment presents two 
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sloping surfaces separated by a well-marked ridge, which terminates in the pos- 
terior superior spine. The highest point of the crest, which is a little behind its 
midpoint, is on the same level as the upper border of the body of the fourth lumbar 
vertebra. 

The lower end of the ilium will be described with the acetabulum (p. 377). 

The anterior border of the ilium descends to the acetabulum from the anterior 
superior spine. Its upper part is rounded and concave forwards ; its lower part 
presents a roughened projection, termed the anterior inferior iliac spine^ which lies 
immediately above the acetabulum. 

The posterior border is irregularly curved (fig. 438). It commences at the 
posterior superior spine and runs at first downwards and forwards, with a backward 
concavity, forming a small notch. At the lower end of the notch the bone presents 
a wide, low projection, termed ih& posterior inferior spine^ where the posterior border 
makes a sharp bend. It then runs almost horizontally forwards for about 3 cm. 
and finally turns downwards and backwards to become continuous with the posterior 
border of the ischium. As a result the posterior border shows a deep notch, termed 
the greater sciatic notch^ which is bounded above by the ilium and below by the 
ilium and ischium. 

The medial border is placed on the medial surface of the bone and separates the 
iUac fossa from the sacropelvic surface. Indistinct near the crest, it is roughened 
in its upper part, thea sharp and clear-cut where it bounds the articular surface 
for the sacrum, and finally smooth and rounded. The last-named portion forms 
the iliac part of the arcuate line — ^the line marks the inlet of the true pelvis i at its 
inferior end it reaches the posterior part of the iliopubic {iliopectineal) eminence^ 
which is placed at the union of the ilium with the pubis. 

The gluteal surface (fig. 438) is directed backwards and laterally in its posterior 
part, and laterally and slightly downwards.in front. It is bounded above by the iliac 
crest, below by lie upper border of the acetabulum and in front and behind by the 
anterior and posterior borders. The surface, as a whole, is smooth and curved, 
being convex in front and concave behind, but it is marked by three roughened 
ridges termed the posterior, nfiddle and inferior gluteal lines. The posterior gluteal 
line:, which is the shortest of the three, begins above on the outer lip of the crest about 
5 cm. in front of its posterior extremity and ends below a short istance in front of 
the posterior inferior spine. Its upper part is usually distinct, but its lower part is 
ill-defined and frequently absent. The middle gluteal line (anterior gluteal line), 
which is the longest of the three, begins about the middle of the upper margin of the 
greater sciatic notch and runs upwards and forwards to become confluent with the 
outer lip of the crest a little in front of the tubercle. The inf erior gluteal line:, which 
is rarely a prominent feature, begins a litde above and behind the anterior inferior 
spine and curves backwards and downwards to end near the apex of the greater 
sciatic notch. Between the inferior gluteal line and the margin of the acetabulum 
there, is a rough, shallow groove on the bone. Behind the acetabulum the lower 
part of tihe gluteal surface becomes continuous with the posterior surface of 
the ischium. The site of union of these two elements is marked by a low 
elevation.. 

The iliac fossa occupies the anterior and upper part of the medial aspect of the 
iHum. It is limited above by the iliac crest ; in fi:ont by the anterior border, and 
behind by Ae medial border, by which it is separated firom the sacropelvic surface. 
The surface is smooth and gently concave and forms the posterolateral waU of the 
false pelvis. Below it is continuous with a shallow groove (fig. 440) bounded 
lateraUy by the anterior inferior spine and medially by the iliopubic (iliopectineal) 
eminence. 

The sacropelvic surface (fig. 440) occupies the posterior and lower part of the 
medial aspect of the ilium. It is boxmded behind and below by the posterior border, 
in front and above by the medial border, and above and behind by the iliac crest. 
It is subdivided into three areas, viz., the iliac tuberosity, the auricular surface and 
the pelvic surface. The iliac tuberosity is an extensive, roughened, tuberculated 
and pitted area which Hes inamediately below the dorsal segment of the iliac crest. 
It gives attachment to the strong ligaments on the dorsal surface of the sacro-iliac 
joint. The auricular surface (fig. 440) is placed immediately below and in front 
of the tuberosity, and articulates with the lateral mass of the sacrum. It is shaped 
like the auricle — ^the wide expanded portion lying above and in front, and the 
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lobule below and behind^ covering the medial aspect of the posterior inferior spine. 
The edges are sharp and clearly defined, but the surface, although articular, is 
finely roughened and irregular. The pelvic surface lies below and in front of the 
auricular surface and helps to form the wall of the true pelvis. It comprises an 
upper and a lower portion. The upper portion faces downwards and lies between 
the margin of the auricular surface and the upper border of the greater sciatic notch. 


Fig. 438. — The left hip-bone. External surface. 



The lower portion faces inwards and is separated from the iliac fossa by the iliac 
part of the arcuate line. The line of union of the ilium with the ischium is com- 
pletely obliterated on this surface. 

Particular features. — ^The iliac crest forms the lower limit of the waist and gives attach- 
ment to the lateral muscles of the abdominal wall, to fascise and muscles of the lower limb 
and to muscles and fascise of the back (figs. 439, 441). The outer lip of the ventral segment 
(p. 368) gives attachment to the fascia lata, including the iliotibial tract ; in front of the 
tubercle of the crest it gives origin to the tensor fasciae latae : in its anterior two-thirds it 
provides msertion for the lower fibres of the external oblique ; and just behind its highest 
point it gives origin to the lowest fibres of the latissimus dorsi. An interval of variable size 
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the superior gluteal vessels and nerve as they emerge from the pelvis. The lower part of 
the posterior border (i.e. the lower margin of the greater sciatic notch) is covered by the 
piriformis muscle and is related to the sciatic nerve, although the nerve lies for the most 
part on the ischium. 

The gluteal surface is divided into four areas by the three gluteal lines (fig, 438). (a) The 
area behind the posterior gluteal line gives origin in its upper roughened part to the upper 


Fig. 440. — ^The left hip-bone. Internal surface. 



fibres of the gluteus maximus ; its lower, smooth part gives attachment to some of the 
fibres of the saorotuberous ligament. (6) The area between the posterior and middle gluteal 
lines, bounded above by the iliac crest, giv^ origin to the gluteus medius muscle, (c) The 
area between the middle and inferior gluteal lines gives origin to the gluteus minimus muscle. 
(d) The area below the inferior gluteal line is marked by numerous vascular foramina. The 
groove above the acetabulum gives origin to the reflected head of the rectus femoris, and 
the area adjoining the run of the acetabulum affords attachment to the capsular ligament 
of the hip-joint. The greater part of this area is covered by the gluteus minimus muscle, 
but behind and below in the neighbourhood of the site of union of the ilium and ischium, the 
bone is related to the piriformis muscle. 

The upper two-thirds of the iliac fossa provides origui for the iliacus muscle (fig. 441), 
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which covers lower third but is not attached to it. Branches of the niolumbar artery 
nm be^e^ the muscle and the bone, and one of them enters the large nutrient foramen 
winch IS oto present at the postero-Merior part of the fossa. The groove between the 
mfenor spme and the iliopubic eminence is occupied by the converging fibres of 
^e ili^us muscle laterally and the tendon of psoas major medially ; the tendon is separated 
from the bone near the acetabulum by its synovial bursa. On the right side the iliac fossa 



contains the caecum and the terminal part of the ileum ; on the left side, the terminal part 
of the descending colon. 

The iliac tuberosity of the sacropelvic surface gives attachment to the posterior sacro- 
iliac ligaments and, immediately behind the auricular surface, to the interosseous saoro-iliac 
hgament. The upper and anterior part of the tuberosity gives attachment to the iliolumbar 
ligament, and this area hes immediately below the medial part of the origin of the quadratus 
lumborum from the iliac crest. The auricular surface articulates with the upper two and 
a half sacral vertebrae (two only, as a rule, in the female). Its anterior and inferior borders 
are sharp and give attachment to the anterior sacro-iliac ligament. The upper part 
of the pelvic surface, between the inferior margin of the auricular surface and the upper 
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margin of the greater sciatic notch, is often marked in female subjects by a roughened 
groove, which is termed the pre-auriculo/r sudcus ; it gives attachment to the lower fibres 
of the anterior sacro-iliac ligament. Lateral to the sulcus the bone gives origin to fibres 
of the piriformis muscle. The rest of the pelvic surface gives origin to the upper half or 
less of the obturator internus muscle. 

The pubis> — General features. The pubis forms the anterior part of the 
hip-bone and meets the pubis of the opposite side in the median plane to form 
a cartilaginous joint> termed the pubic symphysis. It possesses a body^* which lies 
anteriorly ; a superior ramus^ which passes upwards and backwards to the aceta- 
bulum ; and an inferior ramus^ which passes backwards, downwards and laterally 
to unite with the ramus of the ischium on the medial side of the obturator foramen. 

The body k compressed from before backwards and presents anterior, posterior 
and symphyseal (or medial) surfaces and a free upper border termed ihtpiibic crest. 
The anterior surface faces downwards, forwards and slightly laterally in the erect 
posture ; rough in its upper and medial parts, it presents a smooth surface else- 
where. It is directed towards the lower limb and affords attachment for the 
medial group of muscles of the thigh. The posterior surface is smooth and faces 
upwards and backwards, forming the anterior wall of the true pelvis ; it is related 
to the urinary bladder. The symphyseal surface is an elongated oval area, covered 
with cartilage in the recent state and articulating with the opposite pubis at the 
pubic symphysis. When denuded of cartilage it presents an irregular surface, 
marked by a number of small ridges and furrows or by small nodular elevations. 
The pubic crest is the rounded upper border of the body. It is projected forwards 
and overhangs the upper part of the anterior surface (fig. 438). Its lateral extremity 
forms a rounded projection termed the pubic tubercle. Both the crest and the 
tubercle can be felt through the skin in the living subject, but the latter is obscured 
by the spermatic cord, which crosses its upper aspect as it passes upwards from the 
scrotum to pierce the abdominal wall. 

The superior ramus of the pubis springs from the upper and lateral part of the 
body, and passes backwards, upwards and laterally above the obturator foramen 
to reach the acetabulum. It is triangular on section and has three surfaces and 
three borders. The pectineal surface is directed forwards and slightly upwards. 
Triangular in outline, it extends from the pubic tubercle to the iliopubic eminence 
(fig. 438). It is bounded in front by a rounded ridge termed the obturator crests and 
behind by a sharp edge termed the pectineal line^ which together with the pubic 
crest constitutes the .pubic part of the arcuate line. The pelvic surface^ which is 
directed upwards, backwards and medially, is smooth and featureless ; it is narrower 
at its lateral than at its medial extremity, where it is continuous with the posterior 
surface of the body. It is bounded above by the pectineal line and below by a sharp 
edge which forms the inferior border. The obturator surface is directed downwards 
and backwards, and is crossed from behind forwards and downwards by a groove 
termed the obturator groove. It is bounded in front by the obturator crest and 
behind by the inferior border. 

The inferior ramus springs from the lower and lateral part of the body and passes 
backwards, downwards and laterally to unite with the ramus of the ischium on 
the medial side of the obturator foramen. The site of union may be marked by a 
localised thickening, but is often difficult to identify in the adult bone. The ramus 
has two surfaces and two borders. The anterior or outer surface is continuous 
above with the anterior surface of the body ; it is directed towards the thigh and is 
roughened for muscular attachments. It is bounded laterally by the margin of the 
obturator foramen and medially by a rough anterior border. The posterior or inner 
surface is contmuous above with the posterior surface of the body, and is convex 
from side to side. Its medial part is often prominently everted in male subjects 
(fig. 44 ^) is in contact with the crus of the penis. It is directed medially 
towards the perineum. Its lateral part is smooth and is directed upwards towards 
the pelvis. 

Particular features. — The pubic tubercle gives attachment to the medial end of the 
inguinal ligament ; it lies in the floor of the superficial inguinal ring (subcutaneous inguinal 
ring-) and is crossed by the spermatic cord. The ascending limbs of the loops of the cre- 

* The body of the pubis in the B.N.A. is the portion of the bone which takes part in the 
formation of the acetabulum. 
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master muscle are attached to the tubercle and to the anterior wall of the sheath of the 
rectus abdominis muscle. The lateral part of the pubic crest gives origin to the lateral head 
of the rectus abdominis, and the bone below to the pyramidalis. The medial part of the 
crest is crossed by the medial head of the rectus abdominis, which takes origin from an 
interlacement of fibres in front of the upper part of the pubis and pubic symphysis. The 
anterior surface of the body is directed towards the adductor region of the thigh. A rough- 
ened strip, usually wider in the female, marks the medial part of the surface and gives 
attachment to the anterior pubic ligament. In the angle between the upper end of this 
strip and the pubic crest the rounded tendon of the adductor longus takes origin. At a 
slightly lower level the gracilis arises from a linear origin close to the medial border of the 
body and extending downwards on to the inferior ramus. Lateral to the gracilis the ad- 
ductor brevis arises from the body and the inferior ramus. The lateral part of the anterior 
surface, and the adjoining portions of both rami provide origin for the obturator extemus 
muscle (fig. 439). 

The posterior surface of the body is separated from the urinary bladder by the retro- 
pubic pad of fat. About its middle it provides origin for the anterior fibres of the levator 
ani muscle, and more laterally the obturator intemus arises from this surface and extends 
on to both rami. Medial to the origin of the levator ani, the puboprostatic ligaments are 
attached to the bone. 

The pectineal surface of the superior ramus gives origin, along its upper part, to the 
pectineus muscle, which covers the rest of the surface (fig. 439) but is not attached to it. 
The pectineal line, which forms the upper boundary of the pectineal surface, is a saHent, 
sharp ridge. At its medial end it gives attachment to the conjoint tendon (falx inguinalis 
aponeurotica) and the pectineal part of the inguinal ligament (lacunar ligament), and 
throughout the rest of its extent it ajffords attachment to a strong fibrous band termed the 
pectineal ligament (p. 564). About its middle it receives the insertion of the psoas minor. 
The peluic surface is smooth and is not covered with muscle or fascia. It is separated from 
the parietal peritoneum only by the intervening subperitoneal tissue, in which the lateral 
umbilical ligament (obliterated hypogastric artery) runs downwards and forwards across 
the ramus and, near its lateral end, the vas deferens passes backwards. The obturator 
groove on the obturator surface is converted into a canal by the upper borders of the obtur- 
ator membrane, the obturator internus and the obturator extemus muscles. It transmits 
the obturator vessels and nerve from the pelvis to the thigh, where they emerge under cover 
of the pectineus muscle. The obturator crest (fig. 438) at its lateral end gives attachment to 
some of the fibres of the pubofemoral ligament. 

The outer surface of the inferior ramus gives origin to the gracilis, the adductor brevis and 
the obturator extemus', named from the medial to the lateral side. In addition, the origin of 
the adductor magnus usually extends from the ramus of the ischium on to the lower part 
of the inferior ramus of the pubis in the interval between the adductor brevis and the 
obturator extemus. The inner surface is divided into a medial, an intermediate and a 
lateral area, but they are not separated from one another by clear-cut markings on the bone. 
The medial area faces downwards and medially and is in direct contact with the crus 
penis ; it is limited above and behind by an indistinct ridge which gives attachment to the 
perineal membrane (inferior fascia of the urogenital diaphragm). The intermediate area 
gives origin to the sphincter urethrae muscle. The lateral area gives origin to fibres of the 
obturator internus muscle. The medial margin of the ramus is strongly everted in the male 
and gives attachment to the fascia lata and to the membranous layer of the superficial 
fascia of the perineum. 

The ischium^ — General features . — ^The ischium forms the lower and posterior 
part of the hip-bone. It comprises a body and a ramus. The body has upper and 
lower extremities^ and femoral^ dorsal and pelvic surfaces. 

Th^ upper extremity forms the lower part of the acetabulum and is fused with 
the ilium and pubis. The lower extremity is free and is capped by the lower part of 
a large bony prominence^ termed the ischial tuberosity. The ramus springs from the 
front of the lower part of the body. 

The femoral surface of the body is directed downwards, forwards and laterally 
towards the thigh. It is roughened and imeven, and is bounded in front by the 
margin of the obturator foramen, and laterally by the lateral border, which is 
indistinct above but clearly defined below, where it forms the lateral border of the 
ischial tuberosity. The dorsal surface is directed backwards, laterally and upwards. 
Above, it is continuous with the lower part of the gluteal surface of the ilium, and 
where the two elements meet the bone presents a low convexity, which corresponds 
with the curvature of the posterior part of the acetabulum. Below, the surface is 
marked by the upper part of the ischial tuberosity. Above the tuberosity the bone 
presents a vdde and shallow groove both on the lateral and on the medial side. 
The ischial tuberos^y is a large, roughened impression which marks the lower part 
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of the posterior surface and the inferior extremity of the body of the ischium. It is 
an elongated area^ widest near its upper end and tapering away inferiorly^ and 
provides attachment for some of the large muscles of the thigh. The posterior 
surface is placed between the lateral and the posterior borders of the body. The 
posterior border is continuous above with the posterior border of the ilium and helps 
it to complete the lower margin of the greater sciatic notch. The posterior end of 
that margin is marked by a conspicuous projection termed the ischial spine. Below 
the spine the border becomes rounded and indefinite^ forming the floor of a rounded 
notch, termed the lesser sciatic notch, which lies between the ischial spine and the 
tuberosity. The pelvic .surface is smooth and relatively feamreless and is directed 
towards the pelvic cavity ; its lower portion forms part of the lateral wall of the 
ischiorectal fossa in the permeum. 

Fig. 442. — ^The left ischial tuberosity, viewed from behind and below. 



The transverse ridge forms the lower boundary of the area for the hamstring muscles and 
separates it from the lower half of the tuberosity, which is divided into lateral and medial areas 
by the Imgitudinal ridge. The lateral area gives origin to the adductor magnus ; the medial 
area is covered with fibro-fatty tissue and supports the body in the sitting posture. 

The ramus of the ischium springs from the lower part of the front of the body 
and passes upwards, forwards and medially to meet the inferior ramus of the 
pubis, forming the lower boundary of the obturator foramen. It presents anterior 
(or outer) and posterior (or inner) surfaces, continuous with the corresponding 
surfaces of the inferior pubic ramus. The anterior surface is directed forwards and 
downwards towards the thigh and is rough for the attachment of the medial femoral 
muscles. The posterior surface is smooth, and partly subdivided into a perineal 
and a pelvic area, like the irferior ramus of the pubis. The upper border helps to 
complete the margin of the obturator foramen ; the lower border is roughened and 
free, and together with the medial border of the inferior ramus of the pubis forms 
the lateral boundary of the subpubic angle and part of the pubic arch. 

Particular features. — The femoral surface of the body of the ischium gives origin below 
to a part of the obturator extemus muscle and along the lateral border of the upper pai’t of 
the ischial tuberosity to the quadratus femoris. The upper part of this surface is pitted by 
numerous vascular foramina and is covered by the tendon of the obturator extemus as it 
passes laterally and backwards in the groove between the acetabulum and the ischial 
tuberosity. Just below the acetabulum the lateral border gives attachment to the ischio- 
femoral ligament. ' 
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Immediately above the ischial tuberosity the dorsal surface is crossed by the tendon 
of the obturator internus and the gemelli muscles ; the nerve to the quadratus femoris 
intervenes between these structures and the bone as it descends to reach its destination. 
At a higher level, the bone is covered with the piriformis muscle, which is partially separated 
from it by the sciatic nerve and the nerve to the quadratus femoris. The ischial tuberosity 
is divided by a nearly transverse ridge into an upper and a lower area. The upper area is 
associated with the hamstring muscles ; it is divided by an oblique line into an upper and 
lateral part which gives ori^n to the semimembranosus, and a lower and medial part from 
which the long head of the biceps femoris arises in common with the semitendinosus muscle. 
The lower portion of the tuberosity narrows as it passes forwards on to the lower end of the 
ischium. It is divided into a lateral and a medial area ; the lateral area is the larger and 
affords origin to part of the adductor magnus muscle ; the medial area is covered by fibro- 
fatty tissue, which usually contains the ischial bursa of the gluteus maximus. It is the medial 
area on the lower part of the tuberosity which supports the body in the sitting posture. 
On its medial side the tuberosity is limited by a curved ridge which extends forwards on 
to the ramus of the ischium and gives attachment to the sacrotuberous ligament and its 
falciform process (fig. 441). Many of the fibres of origin of the biceps femoris can be traced 
into the sacrotuberous ligament, and this intimate relationship is noteworthy, for the sacrum 
and the posterior part of the ilium constitute the primitive mammalian origin of the biceps 
femoris. The origin of the muscle from the tuberosity in man is secondary and the sacro- 
tuberous ligament represents the remains of its primitive tendon of origin. 

Above and medial to the tuberosity the posterior surface presents a wide, shallow groove. 
In this situation the bone is usually covered with a thm layer of cartilage in the recent state 
and a bursa is interposed between it and the tendon of the obturator extemus, which lies 
in the groove. The lower margin of the groove, close to the tuberosity, gives origin to the 
inferior gemellus ; the upper margin of the groove, close to the ischial spine, gives origin to 
the superior gemellus. 

The ischii spine projects downwards and medially. Its margins give attachment to the 
sacrospinous ligament, which separates the greater sciatic foramen from the lesser (fig. 540). 
Its dorsal surface is crossed by the internal pudendal vessels and the nerve to obturator 
internus, as they lie in the gluteal region. The pelvic surface of the spine gives origin to 
the coccygeus and the most posterior fibres of the levator ani muscle. The structures 
transmitted by the greater and lesser sciatic foramina are described on p. 481. 

The pdvic surface of the body of the ischium is smooth. Its upper part gives origin to 
the obturator internus muscle, the fibres of which converge on the lesser sciatic notch and 
cover the remainder of this surface, with the exception of the pelvic aspect of the ischial 
spine. The muscle and its covering fascia separate the bone from the isohioreotal fossa. 

The anterior surface of the ramus of the ischium is directed towards the adductor region 
of the thigh. It gives origin to the obturator extemus above, the anterior fibres of the 
adductor magnus and, near the lower border, to the gracilis muscle. Between the adductor 
magnus and the gracilis the origin of the adductor brevis may extend downwards from the 
inferior ramus of the pubis for a short distance. The posterior surface is divided into pelvic 
and perineal areas. The pelvic area is directed upwards and backwards and gives origin 
to part of the obturator internus. The perineal area is directed medially ; its upper part is 
related to the crus of the penis and gives origin to the sphiucter urethrae ; its lower part 
gives origin to the ischiocavernosus and to the superficial trans versus perinei muscles. The 
perineal membrane is attached to the ridge which separates the perineal from the pelvic 
area below, and the area for the crus from the origin of the sphincter urethrae above. The 
lower harder of the ramus provides attachment for the fascia lata of the thigh and the mem- 
branous layer of the superficial fascia of the perineum. 

The acetabulum (fig, 438) is a deep cup-shaped cavity on the lateral aspect of 
the hip-bone about its centre^ and is directed laterally^ downwards and forwards. 
It is surrounded by an irregular projecting margin which is deficient inferiorly ; 
this gap is termed the acetabular notch. The floor of the cavity is roughened 
and non-articular and is termed the acetabular fossa. The sides of the cup 
present a horseshoe-shaped articular surface which is widest superiorly ; in this 
situation the weight of the trunk is transmitted to the femur in Ae erect attitude. 
In the recent state this strip is covered with articular cartilage and provides the 
surface on which the head of the femur moves within the hip-joint. All three 
elements of the hip-bone contribute to the formation of the acetabulum in man^ 
but not in equal proportions. The pubis forms the upper and anterior fifth of 
the articular surface ; the ischium^ the floor of the acetabular fossa and rather 
more thfln the lower and posterior two-fifths of the articular surface ; the ihum 
forms the remainder of the articular surface. 

The obturator foramen is a large gap in the hip-bone^ below and in front 
of the acetabulum and placed between the pubis and the ischium. It is bounded 
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above by the grooved obturator surface of the superior ramus of the pubis ; medi- 
ally by the body and inferior ramus of the pubis ; below by the ramus of the 
ischium ; and laterally by the anterior border of the body of Ae ischium, including 
the tnargin of the acctabular notch. The foramen is occupied in the recent state 
by a fibrous sheet, termed the obturator membrane, which is attached to its 
margins except above, where a communication is left between the pelvis and the 
thigh. The free upper edge of the membrane is attached in front to the anterior 
obturator tubercle, which marks the anterior end of the inferior border of the superior 
ramus of the pubis, and behind to the posterior obturator tubercle, which is placed 
on the anterior border of the acetabular notch. These tubercles Me not always 
easy to identify. The foramen is large and oval in the male, but is smaller and 
nearly triangular in the female. 

Fig. 443. — A plan of the ossification of the hip-bone. 

_ . - ^ (Three vrimary, for the iliumt ischiunht and pubis. 

By eight oentres[^.^^ secondary: 



Structure. — The thicker parts of the hip-bone consist of spongy substance, 
enclosed between two layers of compact bone ; the thinner parts, as at the 
bottom of the acetabulum and centre of the iliac fossa, are usually semitrans- 
parent, and composed entirely of compact bone. At the upper part of the 
acetabulum and along the arcuate line, i.e. along the line of weight transmission 
from the sacrum to the head of the femur, the amount of compact bone shows 
a considerable increase. In this situation the underlying spongy substance 
shows the presence of two sets of pressure lamellae. The first arise near the upper 
part of the auricular surface and diverge to impinge on two stout buttresses 
formed by the compact bone. From there two similar sets of lamellar arches^ 
take origin and converge on the acetabulum.* 

Ossification (fig. 443). — ^The hip-bone is ossified from eight centres : three 
primary, one each for the ilium, ischium, and pubis ; and five secondary, one 
each for the iliac crest, the anterior inferior iliac spine (said to occur more 
frequently in the male than in the female), the tuberosity of the ischium, 
the pubic symphysis (more frequent in the female than in the male), and one 

* 0. P. G. Wakeley, Proceedings of AvuLtornical Society ^ Journal of Anatomy, vol. Ixiv. 
1929. 
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or more for the Y-shaped cartilage at the bottom of the acetabulum. The centres 
appear in the following order : in the ilium, immediately above the greater 
sciatic notch, about the eighth or ninth week of intrauterine life ; in the body of 
the ischium, about the third month ; in the superior ramus of the os pubis, 
between the fourth and fifth months. At birth, the iliac crest, the greater 
part of the acetabulum, the ischial tuberosity, and the inferior ramus of the 
pubis and the ramus of the ischium are cartilaginous. By the seventh or eighth 
year, the inferior ramus of the pubis and the ramus of the ischium are almost 
completely united by bone. The three primary centres extend their growth into 
the bottom of the acetabulum, where they are separated from each other by a 
Y-shaped portion of cartilage, which begins to ossify from two or more centres 
m the tweKth year. One of these centres, named the 0.9 acetabuli, forms a tri- 
angular scale of bone over the acetabular part of the pubis and fuses with the 
main parts of the bone about puberty. The ilium and ischium then become 
joined, aiid lastly the pubis and ischium, through the medium of this Y-shaped 
portion. At about the age of puberty, ossification takes place in each of the 
remaining portions, and they join with the rest of the bone between the 
twentieth and twenty-fifth years. Separate centres are frequently found for 
the pubic tubercle, crest and angle, and for the ischial spine. 

Comparison of the girdles of the upper and lower limbs, — The importance of 
mobility in the upper limb as contrasted with the necessity for stability in the lower 
limb is well illustrated by the more obvious differences which exist between the 
two girdles. 


Girdle of Upper Limb. 

(a) Consists of two separate bones, 
viz., the scapula and the clavicle. 

(J) Reaches the axial skeleton only 
at the sternoclavicular joint. 

(c) Is not directly connected to its 
fellow of the opposite side, except by 
the interclavicrdar ligament. 

(d) Has a shallow fossa for the head 
of the humerus. 


Girdle of Lower Limb, 

(а) Consists of a single bone, viz., 
the hdp-bone. 

(б) Articulates with the vertebral 
column at the sacro-iliac joint. 

(c) Articulates with its fellow of 
the opposite side at the pubic sym- 
physis. 

(i) Has a deep cup for the head 
of the femur. 


THE PELVIS 

The pelvis, so called from its resemblance to a basin, is a massive bony ring 
interposed between the movable segments of the vertebral column, which it 
supports, and the lower limbs, upon which it rests ; it is composed of the two 
hip-bones laterally and in front, and the sacrum and coccyx behind. It is divided 
into the false (greater) and the true (lesser) pelvis by an oblique plane passing 
through the prominence of the sacrum behind, and the arcuate line on each side^ 
and in front. These two subdivisions communicate with each other through the 
pelvic inlet. 

The false pelvis (greater pelvis), the expanded portion of the cavity above 
and in front of the pelvic inlet, is bounded on each side by the ilium and posteriorly 
by the base of the sacrum. 

The true pelvis (lesser pelvis) is that part of the pelvic cavity which lies below 
and behind the pelvic inlet. Its bony walls are more complete than those of the 
false pelvis. It possesses an inlet, an outlet and a cavity. 

The bony boimdaries of the pelvic inlet constitute the brim of the pelvis (fig. 444). 
The inlet is somewhat heart-shaped, obtusely pointed in front, and encroached 
upon behind by the forward projection of die promontory of the sacrum. It 
has three principal diameters : anteroposterior, transverse, and oblique. The 
anteroposterior or conjugate diameter extends from the lumbosacral angle to the 
symphysis pubis ; its average measmement is about no mm. in the female. 
The transverse diameter extends from the middle of the brim on one side to the 
same point of the opposite side i its average measurement is about 135 mm. in the 
female. The oblique diameter extends from the iliopubic (iliopectineal) eminence 
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to the opposite sacro-iliac joint ; its average measurement is about 125 mm. in the 
female. 

The cavity of the true pelvis is a short curved canal, considerably deeper behind 
than in front. It is bounded in front and below by the pubic rami and symphysis ; 


Fig. 444. — The diameters of the inlet of the true pelvis (female). 



above and behind, by the pelvic surfaces of the sacrum and coccyx ; laterally by a 
smooth, quadran^ar area of bone, formed by the pelvic surfaces of the ilium and 
ischium. It contains, in the recent subject, the pelvic colon, rectum, urinary 
bladder, and some of the organs of generation. The rectum is placed at the back 
of the pelvis, in the curve of the sacrum and coccyx ; the urinary bladder is in front. 


Fig. 445. — The diameters of the outlet of the true pelvis (female). 



behind the pubic symphysis. In the female, the uterus and vagina lie between the 
rectum and the urinary bladder. 

The outlet is very irregular in shape (fig. 445) and is bounded behind by the apex 
of the COCC57X, and laterally by the ischial tuberosities. These eminences are sepa- 
rated by three notches : one in front — xh&puhic arch — ^formed by the convergence of 
the rami of the ischium and pubis on each side. The other notches, one on each 
side, are formed by the sacrum and coccyx behind, the ischium in front, and the 
ilium above : they are called the sciatic notches i in the natural state they are con- 
verted into foramina by the sacrotuberous and sacrospinous ligaments. When 
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these ligaments have been preserved^ the outlet of the pelvis is lozenge-shaped, and 
is bounded, in front, by lie inferior pubic ligament and the inferior rami of the 
pubic bones and the ischial rami ; laterally, by the ischial tuberosities ; behind, by 
the sacrotuberous ligaments and the tip of the coccyx. 

The anteroposterior diameter of the outlet of the pelvis extends from the apex 
of the coccyx to the lower part of the pubic symphysis ; its measurement is from 
90 to 1 15 mm. in the female. It varies with the length of the coccjtx, and is capable 
of increase or diminution, on account of the mobility of that bone. The transverse 
diameter y measured across the widest part of the outlet, is about 115 mm. in the 
female.* 

Axes (fig. 446). — The pis of the inlet, i.e. a line at right angles to the plane of the 
inlet through its centre, is directed downwards and backwards, and if the line is 
prolonged it passes through the umbilicus above and the middle of the coccyx 
below. The axis of the outlet is directed 

downwards and slightly backwards ; if Fig. 446. — median sagittal section 
prolonged upwards it touches the base of through the pelvis, 

the sacrum. The axis of the cavity — i.e. 
an axis at right angles to a series of planes 
between and including those of the inlet 
and outlet — ^is curved like the cavity 
itself : this curve is parallel with that of 
the sacrum and coccyx. 

Position of the pelvis (fig. 446). — 

In the erect posture, the pelvis is placed 
obliquely with regard to the trunk : the 
plane of the inlet forms with the hori- 
zontal plane an angle of from 50® to 60®, 
and that of the outlet one of about 15®. 

The pelvic surface of the pubic symphysis 
looks upwards and bacls^ards, the con- 
cavity of the sacrum and coccyx down- 
wards and forwards. The position of 
the pelvis in the erect posture may be 
demonstrated by holding it so that the 
anterior superior iliac spines and the front of the top of the pubic symphysis are 
in the same vertical plane. 

In the sitting posture the body rests on the medial and lower parts of the 
ischial tuberosities (p. 377), and a coronal plane drawn through the anterior 
superior iliac spines passes through the acetabula. The lumbosacral angle is 
considerably reduced and the projection of the sacral promontory is correspondingly 
diminished. 

‘ Differences between the male and female pelves (figs. 447, 448, 449, 450). 
— Sexual characters are more pronounced in the bones of file pelvis than in any 
other bones in the body. The female pelvis is specially adapted to facilitate the 
passage of the foetal head during parturition and it must therefore provide more 
accommodation than is necessary in the male pelvis, while its depth must be 
diminished. The essential differences were weU summed up by Arthur Thomson, 
who described the male pelvis as a long section of a short cone and the female 
pelvis as a short section of a long cone. There are, however, very many differences 
in detail, most of which can be referred to these fhndamen^ distinctions. 

As a whole, the bones of the female pelvis are more delicate and their muscular 
impressions are not so well marked. The ilia are more vertical and, although the 
distance between the iliac crests is less in the female, the anterior superior iliac 
spines are farther apart. As a rule, the iHac fossae are shallower and the curves 
of the crest, as seen from above, are not so pronounced. The prominence of the 
hips in the female may be attributed, in part, to the sexual characters of the 
ilium. 

The inlet of the true pelvis is larger in the female and is more nearly circular in 
outline : in the male it is typically heart-shaped. 

* The measurements of the pelvis given above are fairly representative, but different 
figures are given by various authors, no doubt mainly due to difference in the physique and 
stature of the population from whom the measurements have been taken. 
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The cavity of the female pelvis is wider and shallower, and, in the production 
of this general difference, the following factors are to be noted, (i) The sacrum 
is shorter and wider in the female and its upper p^t is straight (p. 223). (2) The 
depth of the pubic symphysis is less and the distance between the two pubic 
tubercles is greater in the female. (3) The sciatic notches are wider and shallower, 


Fig. 447. — The female pelvis. Anterior aspect. 

From a specimen in the museum of the Royal College of Surgeons of England, 



Fig. 448. — The male pelvis. Anterior aspect. 



and the spines of the ischia do not project inwards to the same extent as they do in 
the male. 

The outlet is larger in the female, since (i) the pubic arch is wider and more 
rounded and it will always admit a set square : whereas in the male it is more 
pointed and definitely less than a right angle ; (2) the ischial tuberosities are more 
everted ; and (3) the coccyx is more movable. 

The male pelvis possesses one positive sexual character : the margins of the 
pubic arch are more everted, owing to the larger size of the crura of the penis. 
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The following additional diJTerences should also be mentioned, (i) The 
acetabula are smaller in the female : they are wider apart and look more definitely 
forwards.* As a result the transverse diameter of the acetabulum is distinctly less 
than the distance from its anterior margin to the pubic symphysis. In the male, on 
the other hand, the two measurements are practically equal. (2) The obturator 
foramen is smaller in the female and is triangular in shape. In the male it is more 
oval in outline, but this difference is not of great value as a sexual character. (3) The 
pre-auric^ar sulcus (p. 374) is more constantly present in the female ilium, and its 
presence is presumably associated with the existence of a more movable sacro-iliac 
joint. (4) The auricular surface of the sacrum is limited to the first and second 
sacral vertebrae in the female, but in the male it usually extends to the middle of the 
third vertebra. 

The size of the pelvis varies not only in the two sexes, but also in different 
members of the same sex, and does not appear to be greatly influenced by the height 
of the individual. Women of short stature, as a rule, have broad pelves. Occasion- 


Fia. 449. — Profile view of male pelvis. Fig. 450. — ^Profile view of female pelvis. 



ally the pelvis is contracted in all its dimensions, and its diameters may be as much 
as 12*5 mm. less than the average, and this even in well-formed women of average 
height. The principal divergences, however, are found at the inlet, and affect the ^ 
relation of the anteroposterior to the transverse diameter. Thus the inlet may be 
elliptical either in a transverse or an aiiteroposterior direction, the transverse dia- 
meter in the former, and the anteroposterior in the latter, greatly exceeding the 
other diameters ; in some instances it is almost circular. 

In the/ceto, and for several years after birth, the pelvis is small in proportion 
to that of the adult, and the projection of the lumbosacral angle less marked. 
The characteristic differences between the male and female pelves are distinctly 
indicated as early as the fourth month of intrauterine life. 


THE FEMUR (figs. 453-456) 

The femur, or thigh-bone, is the longest and strongest bone in the body. It 
possesses a shaft and two extremities. The shaft is almost cylindrical in most of its 
length, and is curved with ^forward convexity. The head, which is rounded, can 
easUy be distinguished from the widely expanded lower end : it projects from the 
medial side of llie upper end of the sh&. This information is sufficient to enable 
the student to assign a given femur correctly to its appropriate side of the body. 

In the erect posture the femora are placed obhquely (fig. 261). Their heads 

* Derry, Journal of Anatomy and Physiology ^ vol. xliii. 
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are separated by the breadth of the true pelvis and their shafts incline downwards 
and medially, so that the medial sides of the two knees can just touch. As the 
bones of the legs descend vertically from the knees, the obliquity of the femoral 
shafts results in the approximation of the feet in the erect attitude and the provision 
of a narrow base for the support of the weight of the body. The narrowness of the 
base detracts from the stability of the body but greatly facilitates movements and 
increases the speed with which they can be executed. The degree of obliquity' of 
the shafts varies in different individuals, but is usually greater in women on account 
of the greater breadth of the pelvis. 


Fig. 461. — The upper part of the right femur. Viewed from behind. 



The upper end of the femur (fig. 451) comprises a head, a neck, a greater and a 
lesser trochanter. 

General features* — ^The head forms rather more than half a sphere ; it is 
directed upwards, medially and slightly forwards, to articulate with the acetab- 
ulum of the hip-bone. Its surface is smooth, and is marked a Uttle below and behind 
its centre by a small roughened pit. 

The neck of the femur, which is about 5 cm. long, connects the head and the 
shaft, with which it forms an angle of about 125®. The arrangement facilitates 
the movements of the hip-joint and enables the lower limb to swing clear of the 
pelvis. The neck is narrowest at its middle and is wider at its lateral than at its 
medial end. Its two borders are rounded. The upper border is nearly horizontal 
and is gently concave upwards. The lower border is straight but oblique, and is 
directed downwards, laterally and backwards to meet the shaft near the lesser 
trochanter. The anterior surface of the neck is flattened and its junction with the 
shaft is marked by a prominent rough ridge termed the trochanteric line. The 
posterior surface is convex backwards and upwards in its transverse axis, and con- 
cave in its long axis, and its junction with the shaft is marked by a rounded ridge 
termed the trochanteric crest. 



PLATE VII 



Fig. 1. — Radio- 
graph of the hand 
and wi’ist of a child 
aged years. The 
capitate and ham- 
ate bones are in pro- 
cess of ossification, 
but the other carpal 
bones are still carti- 
laginous. The cen- 
tre for the head of 
the ulna has not 
yet appeared, but 
the centre for the 
lower epiphysis of 
the radius is pre- 
sent. Note the con- 
dition of the meta- 
carpal bones and 
phalanges. 


Fig. 2. — Radio- 
graph of hand and 
wrist of a child aged 
11 years. All the 
centres of ossifica- 
tion are present 
except that for the 
pisiform bone. Note 
how the first meta- 
carpal differs from 
the other metacar- 
pal bones. 



Fig. 2. — Radiograph of the pelvis of a child aged SJ years. The epiphysis for the head of 
the femur is well formed, but the centre for the greater trochanter has not yet appeared. The 
rami of the pubis and ischium are still connected by cartilage and the triradiate cartilage in 
the acetabulum is wide. 
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The greater trochanter is a large^ quadrangtilar eminence, situated at the 
upper part of the junction of the neck with the shaft. Its posterosuperior portion 
projects upwards and medially (fig. 455) so as to overhang the adjoining part of the 
posterior surface of the neck ; in this situation its medial surface presents a rough- 
ened, depressed area, termed the trochanteric fossa. The upper border of the 
trochanter lies one hand’s-breadth below the tubercle on the iliac crest, and is on 
a level with the centre of the head of the femur. The anterior surface of the 
trochanter presents a roughened impression ; its lateral surface is divided into two 
areas by an oblique, flattened 

strip, wider above than below, Fiq. 452, — The upper part of the right femur, 

which runs downwards and for- Lateral aspect, 

wards across it. The lateral 
surface of the trochanter can be 
palpated in the living subject, 
and, when the adjoining muscles 
are relaxed, the trochanter can 
be gripped between the thumb 
and fingers. 

The lesser trochanter 
(fig. 451) is a conical eminence, 
which projects medially and 
backwards ftom the shaft at 
its junction with the lower and 
posterior part of the neck. Its 
summit and anterior surface 
bear a roughened impression, 
but its posterior surface, 
which lies at the lower end 
of the trochanteric crest, is 
smooth and even. It is placed 
too deeply to be felt in the 
living subject. 

The trochanteric line marks 
the junction of the anterior 
surface of the neck with the 
shaft of the femur (fig. 453). 

It is a prominent roughened 
ridge, which commences in a 
tubercle at the upper and medial 
part of the anterior surface of 
the greater trochanter and nms 
downwards and medially. It 
reaches the lower border of 
the neck on a level with the 
lesser trochanter, but in front of it. Below, it is continuous with the spiral 
line (p. 388). 

The trochanteric crest (fig. 455) marks the junction of the posterior surface 
of the neck with the shaft of the femur. It is a smooth rounded ridge, which com- 
mences at the posterosuperior angle of the greater trochanter and runs downwards 
and medially to terminate at the lesser trochanter. A little above its middle it 
presents a low rounded elevation, sometimes termed the quadrate tubercle. 

Particular features. — ^The head of the femur is entirely intracapsular and is encircled 
immediately lateral to its greatest diameter by the labrum acetabulare. Its circumference 
is sharply defined, except on the anterior surface, where the cartilage covered surface ex- 
tends on to the front of the neck. The pit which marks the head below and behind its 
centre (fig. 451) gives attachment to the ligament of the head of the femur (ligamentum 
teres). The inferomedial part of the anterior surface of the head is related to the femoral 
artery, from which it is separated by the tendon of the psoas major and the articular capsule. 

The neck of the femur is marked by numerous vascular foramina, especially on its 
anterior surface and on the upper part of ite posterior surface. The angle which it makes 
with the shaft is widest at birth and diminishes steadily until the adult condition is 
reached. It is less in the female than in the male, owing to the increased breadth of the true 
pelvis and the greater obliquity of the shaft of the femur. The anterior surface of the neck 

G.A. N 
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Fig. 453. — ^The right femur. Anterior aspect. 
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is entirely intraoapsular and 
on this surface the capsular 
ligament extends laterally to 
the trochanteric line. On the 
posterior surface the capsular 
ligament does not reach the 
trochanteric crest (fig. 456), 
and only a little more than 
the medial half of the neck lies 
within the capsule. The part 
of the anterior surface adjoin- 
ing the head is covered with 
cartilage and is related to the 
iliofemoral ligament in the erect 
posture. A faint groove crosses 
the posterior surface in an up- 
ward and lateral direction ; it 
is produced by the obturator 
externus tendon as it passes 
to the trochanteric fossa. The 
neck of the femur does not lie 
in the same plane as the shaft, 
but is carried forwards as it 
passes upwards and medially. 
On this account the transverse 
axis of the head of the femur 
makes an angle with the trans- 
verse axis of the lower end of 
the bone, and this angle is 
known as the angle of femoral 
torsion. 

The greater trochanter (fig. 
452) provides insertion for most 
of the muscles of the gluteal 
region. The gluteus minimus 
is inserted into the rough im- 
pression on its anterior surface. 
The gluteus medius is inserted 
into the oblique, flattened strip, 
which runs downwards and 
forwards across its lateral sur- 
face. The area in front of this 
insertion is separated from the 
tendon by the trochanteric 
bursa of the gluteus medius ; 
the area behind the insertion 
is covered by the deep fibres 
of the gluteus maximus, and 
a portion of the trochanteric 
bursa of that muscle may be 
interposed. The upper border 
of the trochanter gives insert- 
ion to the piriformis, and 
its medial surface to the com- 
mon tendon of the obturator 
intemus and the two gemelli. 
At their insertions these two 
tendons are frequently blended 
with each other. The tro- 
chanteric fossa receives the in- 
sertion of the obturator ex- 
ternus. 

The lesser trochanter re- 
ceives the insertion of the psoas 
major on its summit and on 
the medial part of its anterior 
surface. The base of the troch- 
anter is expanded and its 
medial or anterior surface gives 
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insertion to tlie iliacus, whicli ex- 
tends downwards for a short dis- 
tance behind the spiral line. The 
upper fibres of the adductor mag- 
nus play over the posterior surface 
of the lesser trochanter and a bursa 
is sometimes interposed between 
them. 

The trochanteric line marks the 
lateral limit of the capsular liga- 
ment of the hip- joint. Its upper 
part, including the tubercle already 
noticed (p. 385), receives the at- 
tachment of the upper band of 
the iliofemoral ligament ; its lower 
part receives the lower band of 
the same ligament. The highest 
fibres of the vastus lateralis arise 
from the upper end of the line, and 
the highest fibres of the vastus 
medialis from its lower end. 

The trochanteric crest, above 
the quadrate tubercle, is covered 
by the gluteus maximus muscle ; 
below the tubercle it is separated 
from that muscle by the quadratus 
femoris and the upper border of 
the adductor magnus. The tuber- 
cle itself, and a portion of the 
bone below, receive the insert- 
ion of the quadratus femoris 
muscle. 

The shaft of the femur 
(figs. 453 and 455) is thinnest 
at its middle : it expands a 
little as it is traced upwards, 
but it widens appreciably near 
the lower end of the bone. 

In its middle third the shaft 
possesses three surfaces and 
three borders. The anterior 
surface^ which is smooth and 
gently convex in all directions, 
is easy to identify. It is placed 
between the lateral and the 
medial borders, which are both 
rounded and ill-defined. The 
lateral surface is directed more 
backwards than latersdly, and is 
bounded in front by the lateral 
border and behind by the pos- 
terior border. The posterior 
border is formed by a broad, 
rough ridge, termed the linea 
aspera, which usually forms a 
crestlike projection, with dis- 
tinct lateral and medial lips. In 
this situation the compact sub- 
stance is increased in amount 
in order to compensate for 
the weakness caused by the 
curve of the bone. The medial 
surface is directed medially and 
slightly backwards ; smooth. 


Fig. 454. — Key to fig. 453. 
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Fig. 455. — The right femur. Posterior aspect. 
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like the two other surfaces, it 
is bounded in front by ihe 
medial border and behind by 
the linea aspera. 

In its upper third the shaft 
presents a fourth surface^ 
which is directed backwards. 
This posterior surface is boun- 
ded on the medial side by a 
narrow^ roughenedline termed 
the spiral line^ which is con- 
tinuous above with the lower 
end of the trochanteric line, 
and below with the medial 
lip of the linea aspera. On 
the lateral side the surface is 
bounded by a broad, rough- 
ened ridge termed the gluteal 
tuberosity^ which extends up- 
wards and laterally to the root 
of the greater trochanter and 
is continuous below with the 
lateral lip of the linea aspera. 
The posterior surface in this 
part of the bone is therefore 
V-shaped. 

In its lower third also the 
shaft possesses a fourth, or 
posterior surface. This pos- 
terior surface is placed be- 
tween the medial and lateral 
supracondylar lines^ which are 
continuous above with the 
corresponding lips of the 
linea aspera. These two 
lines form definite but not 
conspicuous ridges, and of 
the two the lateral is the more 
distinct. Near its upper end 
the medial supracondylar line 
is in part obliterated ; it is m 
this situation that the princi- 
pal artery of the limb lies in 
close relation with the bone 
as it passes from the thigh 
to the popliteal fossa. The 
posterior surface of the lower 
third forms a flattened, 
triangular area, which is 
termed the popliteal surface 
of the femur (fig. 455) ; in 
its lower and medial part it 
presents a rough and slightly 
elevated area. 

Particular features. — ^The shaft 
(figs. 454 and 456) is thickly cov- 
ered with muscles and cannot 
be felt satisfactorily through the 
skin. Its anterior and lateral 
surfaces give origin in their upper 
three-fourths to the vastus intor- 
medius ; below that muscle the 
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articularis genu arises by several 
small slips from the front of 
the bone. The lower portion of 
the anterior surface for 5 or 6 
cm. above the patellar articular 
surface is covered by the supra- 
patellar bursa, which intervenes 
between the bone and the muscles 
mentioned. The lower portion 
of the lateral surface is covered 
by the vastus intermedins. 
The Tnedial surface is devoid 
of muscular attachments and 
is covered by the vastus medi- 
alis. 

The vastus lateralis has 
a linear origin which com- 
mences in front at the root of the 
greater trochanter and follows 
it to the upper end of the gluteal 
tuberosity. It then descends 
along the lateral margin of the 
tuberosity to the lateral lip of 
the linea aspera, from the 
upper half of which it takes 
origin. The vastus mediahs also 
has a linear origin. It com- 
mences at the lower end of the 
trochanteric line and follows the 
spiral liue to the medial lip of the 
linea aspera. At the lower end 
of the linea aspera it follows the 
medial supracondylar line in 
its upper half. 

The gluteal tuberosity may 
take the form of an elongated, 
roughened depression or it may 
proj ect as a salient ridge. Occas- 
ionally a part of it is sufficiently 
prominent to merit the name of 
a third trochanter. It receives the 
insertion of the deeper fibres of 
the lower half of the gluteus 
maximus muscle. The medial 
edge of the tuberosity provides 
insertion for the pubic fibres 
of the adductor magnus ; the 
succeeding fibres of that muscle 
are inserted into the linea aspera 
and the upper part of the medial 
supracondylar line ; the remain- 
ing fibres form a stout tendon 
which is inserted into the adduc- 
tor tubercle {vide infra) and 
sends a membranous expansion 
to the lower part of the medial 
supracondylar line. 

Between the gluteal tuber- 
osity and the spiral line the 
posterior surface receives the 
insertions of the pectineus and 
the adductor brevis muscles. 
The pectineus is inserted into 
a line, sometimes slightly rough- 
ened, which descends from the 
root of the lesser trochanter to 
the upper end of the linea aspera. 
The adductor brevis is inserted 
lateral to the pectineus and ex- 


Fig. 456. — Key to fig. 455. 



ligaments. 
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tends downwards to the upper part of the linea aspera, where it is attached medial 
to the adductor magnus. 

In addition to the attachments already described, the linea aspera receives the insertion 
of the adductor longus and the attachment of the lateral intermuscular septum, and gives 
origin to the short head of biceps femoris. The structures attached to the linea aspera 
may now be enumerated. From the lateral to the medial side they are : vastus lateralis, 
lateral intermuscular septum, short head of biceps femoris, adductor magnus, adductor 
brevis (to upper part only), adductor longus and vastus medialis ; but it should be noted 
that the tenuous fibres are inseparably blended at their bony attachments. The per- 
forating arteries cross the linea aspera from the medial to the lateral side, under cover 
of tendinous arches in the adductor magnus and the short head of the biceps femoris. The 
foramina for the nutrient arteries are situated close to the linea aspera. They vary in 
number and position. One is usually placed near the upper end of the linea aspera, and 
a second, which is not always present, near its lower end. The foramina are directed 
upwards through the compact substance. 

The poplite^ surface of the femur forms the floor of the upper part of the popliteal fossa. 
It is covered by a variable amount of fat, which separates the popliteal artery from the 
bone. The superior medial genicular artery arises from the popliteal artery as it lies in the 
intercondylar notch. It arches medially above the medial condyle, but is separated from 
the bone by the ^medial head of the gastrocnemius, which takes origin from the rough 
elevation placed a little above the medial condyle. The superior lateral genicular artery 
arches upwards and laterally above the lateral condyle, but is separated from the bone by 
the plantaris muscle, which arises from a small roughened area on the lower part of the 
lateral supracondylar line. 

The lateral supracondylar line is most distinct in its upper two-thirds, to which the short 
head of the biceps femoris and the lateral intermuscular septum are attached. Its lower 
part is marked by a small roughened area which gives origin to the plantaris and often 
encroaches on to the popliteal sturf ace. The medial supracondylar line is feebly marked in its 
upper two-thirds, where it gives origin to the vastus medialis. Near its upper end it is 
crossed by the femoral vessels as they enter the fossa from the subsartorial (adductor) 
canal. It is often sharp and prominent for 3 or 4 cm. above the adductor tubercle, and in 
this situation it gives attachment to a membranous expansion from the tendon of the 
adductor magnus muscle. 

The lower end of the femur is widely expanded in order to provide a good 
bearing surface for the transmission of the weight of the body to the top of the tibia. 
It consists of two prominent masses of bone, termed the condyles^ which are 
partially covered by a large articular surface. Anteriorly the two condyles are united 
and are in line with the front of the sh^ ; posteriorly they are separated by a deep 
notch, termed the intercondylar notch^ and they project backwards considerably 
beyond the plane of the popliteal surface. 


Fia. 457. — ^The lower end of the right femur. Inferior aspect. 
Patellar surface 
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The articular surface forms a broad A-shaped area for articulation with the 
patella, or knee-cap, above and the tibia below (fig. 457 ). The patellar surface 
extends over the anterior surfaces of both condyles, but much the larger part of it 
is on the lateral condyle. It is concave from side to side, being grooved in its 
Jong ms to accommodate the posterior surface of the patella. The tibial surface 
is divided into medial and lateral parts by the intercondylar notch, but anteriorly 
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each part is directly continuous with the patellar surface. The medial part forms 
a broad strip which covers the convex inferior and posterior surfaces of the medial 
condyle^ and is gently curved with the convexity of the curve direaed medially. 
The lateral tibial surface covers the same aspects of the lateral condyle but forms a 
rather broader strip, which passes straight backwards. 

The lateral condyle (fig. 458) is flattened on its lateral surface and is not so 
prominent as the medid condyle, but it is stouter and stronger, for it is placed more 
directly in line with the shaft and probably takes a greater share in the transmission 
of the weight to the tibia. The most prominent 

point on its lateral aspect is termed the lateral epi- S’lQ- 458. — The lower end of the 
condyle^ and the whole of this surface can be felt femur. Lateral aspect, 

through the skin in the living subject. A short- 
groove deeper in front than behind, separates tht 
lateral epicondyle from the articular margin below 
and belund. The medial surface of the condyle 
forms the lateral waU of the intercondylar notch. 

The medial condyle possesses a bulging, 
convex medial aspect, which can be 
palpated without difficulty. Its up- Origin of 
permost part is marked by a small gastrocnemius, 
projection termed the adductor 
tubercle (fig. 453) because it \ 

gives insertion to ffie tendon 
of the adductor ma^us mus- 
cle. The tubercle is an im- 
portant bony landmark for 
the surgeon, and can be 
identified most readily when 
it is approached from above. 

The most prominent point 
on the medial surface of the 
condyle is below and a little 
in front of the adductor 
tubercle and is termed the 
medial epicondyle. The lateral surface of the condyle is roughened and forms the 
medial wall of the intercondylar notch. 

The intercondylar notch separates the two condyles below and' behind. In 
front it is limited by the lower border of the patellar surface, and behind by the 
intercondylar liney which separates it from the popliteal surface. It Ues within the 
capsular ligament of the knee-joint, but is covered with sjmovial membrane 
oifly over a very limited area. 
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Particular features. — ^The patellar surface extends higher on the lateral than on the medial 
side ; its upper border therefore is obhque and runs downwards and medially (fig. 453). It is 
separated from the tibial surfaces by two faint grooves which cross the condyles obliquely. 
The lateral groove is the better marked (fig. 467) ; it runs laterally and slightly forwards 
from the front part of the intercondylar notch and expands to form a faint triangular de- 
pression, which rests on the anterior part of the periphery of the lateral semilunar cartilage 
(lateral meniscus), when the knee-joint is fully extended. The medial groove is restricted 
to the medial part of the medial condyle and rests on the anterior edge of the medial semi- 
lunar cartilage in the same position. Where this groove ceases the patellar surface is 
continued backwards on to the lateral part of the medial condyle as a semilunar area 
adjoining the anterior part of the intercondylar notch This area articulates with the medial 
vertical facet of the patella in forced flexion of the knee-joint ; it is not distinctly outlined 
in most femora. The tibial surfaces are convex from side to side and from before backwards. 
The anteroposterior curvature of the two surfaces is not of the same degree throughout ; 
the posterior part of each surface is the arc of a circle, but its ante|rior portion is part of a 
cycloid.* In full flexion of the knee-joint the sharply curved posterior parts of the tibial 
surfaces rest on the tibia and the seniilunar cartilages (menisci), while their anterior parts 
are in contact with the infrapatellar pad of fat. In full extension the anterior parts rest 
on the tibia, while the posterior parts are in contact with the posterior part of the articular 
capsule. 

* A cycloid is the curve traced by a point on the circumference of a wheel rolling along 
a straight line. 
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The medial condyle projects medially and downwards to such an extent that, despite 
the obliquity of the shaft, the lower surface of the lower end of the bone is practically 
horizontal. A curved strip, about 1 cm. wide, adjoining the medial margin of the articular 


Fig. 459. — A section through the hip-joint. Compare with fig. 460 as 
regards the bone trabeculae. 



surface, is covered with synovial membrane and lies within the capsule of the knee-joint. 
The medial epicondyle, which lies above this area, gives attachment to the medial (tibial 
collateral) ligament of the knee-joint. In front of the epicondyle the medial condyle is 
related to the medial patellar retinaculum (tendinous expansion of vastus medialis). 

The lateral condyle is less prominent and its lateral 
surface projects but little beyond the lateral surface of 
the shaft. The lateral epicondyle gives attachment to 
the lateral (fibular collateral) ligament of the knee-joint, 
and above and behind it the bone bears an impression 
which gives origin to these fibres of the lateral head of 
the gastrocnemius that do not arise from the capsular 
ligament. The deepened, anterior end of the groove 
which lies between the epicondyle and the articular 
margin gives origin to the popliteus (fig. 458) muscle ; 
the posterior or upper end of the groove lodges the 
tendon of the muscle only in full flexion of the knee. 
In extension the tendon passes across the margin of the 
articular surface below, and sometimes grooves it. 
Immediately adjoining the articular margin a strip of 
the lateral condyle, 1 cm. broad, is intracapsular, and 
is covered with synovial membrane, with the exception 
of the depression from which the popliteus arises. 

The intercondylar notch separates the projecting 
portions of the two condyles, and is intracapsular 
but, to a large extent, extrasynovial. Its lateral 
wall, formed by the medial surface of the lateral 
condyle, bears a flattened impression which occu- 
pies its upper and posterior part and extends on to the 
floor of the notch close to the intercondylar line. This impression gives attachment to 
the upper end of the anterior cruciate ligament. The medial wall of the notch, formed 
by the lateral surface of the medial condyle, bears a similar but rather larger impression 


Fig. 460. — ^A scheme showing the 
disposition of the principal 
cancellous lamellae in the upper 
end of the femur. 







Radiogr^-pli of the knee region of an adult. Lateral view. 
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PLATE X 



Fig. 1. — Radiograph of an 
adult knee. The gap between 
the lateral condyles of the 
femur and tibia is occupied 
by the articular cartilage of 
the two bones and the lateral 
semilunar cartilage. 



Fig. 2. — Radiograph of the 
knee of a child aged 7-J years. 
Note that the styloid process 
of the head of the fibula and 
the tubercles of the intercon- 
dylar eminence of the tibia are 
still cartilaginous and there- 
fore cannot be recognised. 
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Fio. 461. — ^An oblique section through 
the upper end of the left femur show- 
ing the calcar femorale. 


for the attachment of the upper end of the posterior cruciate ligament ; it is placed an- 
teriorly and extends on to the anterior part of the floor of the notch. These two impressions 
are relatively smooth, but the rest of the notch is rough and pitted by vascular foramina, 
although occasionally the bursal recess between the two ligaments extends upwards to 
reach it. The interdmdylar liine gives attachment to the capsular ligament and, laterally, 
to the oblique posterior (oblique popliteal) ligament of the knee-joint. The anterior border 
of the notch receives the upper attachment of the infrapatellar synovial fold. 

Structure. — The shaft of the femur is a cylinder of compact bone, hollowed 
by a large medullary cavity. The wall of the cylinder is thick in the middle 
one-third of the shaft, where the bone is narrowest and the medullary cavity 
best formed ; but above and below this the wall becomes thinner, while the 
medullary cavity is gradually filled up with spongy substance, so that the upper 
and lower ends of the shaft — and the 
articular extremities more especially — 
consist of spongy substance, invested by 
a thin compact layer. 

The trabeculae in the ends of the femur 
are disposed along the lines of greatest 
pressure and tension. In the upper end 
(figs. 459, 460) the chief lamellae are 
arranged in the following manner. A 
series of bony plates at right angles to 
the articular surface of the head con- 
verge to a central dense wedge; this 
wedge is supported by strong lamellae 
which extend to the sides of the neck 
and are specially marked along its upper 
and lower borders. Any force therefore 
applied to the head of the femur is trans- 
mitted directly to the central wedge and 
thence to the junction of the neck with 
the shaft. This junction is in turn 
strengthened by a series of dense lamellae 
which extend from the lesser trochanter 
to the lateral end of the superior border 
of the neck ; this arrangement will ob- 
viously oppose considerable resistance to 
either tensile or shearing force. A smaller 
bar stretching across the junction of the 
greater trochanter with the neck and 
shaft resists the shearing force of the 
muscles attached to this prominence. 

These two bars — one at the junction of 
shaft and neck, the other at the junction 
of shaft and greater trochanter — ^form 
the upper layers of a series of arches 
which extend across between the sides of 
the shaft and transmit to it forces applied 
to the upper end of the bone. A thin 
vertical plate of bone, named the calcar 
femorale (fig. 461), springs from the 

compact wall of the shaft in the region of the hnea aspera and extends 
into the spongy substance of the neck. Medially, it is attached to the inner 
surface of the posterior waU of the neck of the bone ; laterally, it con- 
tinues the plane of the posterior waU of the neck into the greater trochanter, 
where it shades off into the general spongy substance. It is thus situated 
in a plane anterior to the trochanteric crest and to the base of the lesser 
trochanter. 

In the lower end, the trabeculae spring on all sides from the inner surface of 
the cylinder, and descend in a direction perpendicular to the articular surface — 
the trabeculae above the condyles being the strongest and having a more accu- 
rately perpendicular course. In addition to this, there are horizontal planes of 
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spongy substance, which in this situation is divided into a series of cubical 
compartments. 

Ossification (figs. 454, 456, 462). — ^The femur is ossified from five centres : 
one each for the shaft, head, greater trochanter, lesser trochanter, and lower 
end. Except the clavicle, it is the first of the long bones to show traces of 
ossification. Ossification begins in the middle of the shaft in the seventh week of 
intrauterine life, and extends upwards and downwards. The secondary centres 
appear as follows : in the lower end, during the ninth month of intrauterine life 
(from this centre the condyles and epicondyles are formed) ; in the head at the 
end of the first year ; in the greater trochanter during the fourth year ; and in 
the lesser trochanter between the thirteenth and fourteenth years. The epi- 
physes, derived from the secondary centres, fuse independently with the shaft 

after puberty ; the lesser troch- 
anter joins first, then the greater, 
then the head, and, lastly, the 
lower end, which is not united 
until the twentieth year. It should 
be noted that the lower 
plate passes through th 
tubercle (fig. 454). 

Applied Anatomy, — The lower end 
of the femur is usually the only epiphy- 
sis in which ossification has commenced 
at the time of birth. The presence of 
this centre of ossification is, therefore, a 
proof, in a new-born child found dead, 
that the child was viable, and is always 
relied upon in medico-legal investig- 
ations. The position of the epiphyseal 
plate should be carefully noted. It is 
on a level with the adductor tubercle, 
and the epiphysis does not, therefore, 
form the whole of the synovial covered 
portion of the lower end of the bone. 
It is essential to bear this point in mind 
when operations are performed on the 
lower end of the femur, since growth in 
length of the bone takes place chiefly 
from the lower epiphyseal cartilage, and 
any interference with it in a young child 
would involve such ultimate shortening 
of the limb, from want of growth, as to 
make the limb almost useless. Separa- 
tion of the lower epiphysis may take 
place up to the age of twenty ; but, as 
a matter of fact, few cases occur after the age of sixteen or seventeen. The epiphysis for 
the head is entirely intracapsular. 

Fracture of the neck of the feinur is usually termed intracapsular fracture, but this is 
not always a correct designation, as, owing to the attachment of the articular capsule, the 
fracture is partly within and partly without the capsule when the fracture occurs at the 
distal part of the neck. It generally takes place in old people, principally women, and usu- 
ally from a very slight degree of indirect violence. Probably the main cause of its occur- 
rence in old people is the senile degenerative change which takes place in the bone. Merkel 
believes that it is mainly due to the absorption of the calcar femorale. As a rule the frag- 
ments become united by fibrous tissue, but frequently no union takes place, and the 
opposed surfaces become smooth and ebumated. 

Fractures at the junction of the neck with the greater trochanter are usually termed 
extracapsular, but this designation also is incorrect, for the fracture is partly within the 
capsule, as its attachment to the trochanteric line is beyond the line of fracture. These 
fractures are produced by direct violence to the greater trochanter, as from a fall laterally 
on the hip. 
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Fig. 462. — plan of the ossification of the 
femur. From five centres. 
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THE PATELLA 

The patella (figs. 4633 464)* — ^the largest of the sesamoid bones — ^is situated in 
front of the knee-joint in the tendon of the quadriceps femoris. It is flattened and 
triangular, and has an anterior and a posterior surface, three borders, and an apex. 

The anterior surface is convex, perforated by apertures for the passage of 
nutrient vessels, and marked by numerous rough, longitudinal striae. It is separated 
from the skin by a bursa and is covered, in the recent state, by an expansion from 
the tendon of the quadriceps femoris ; this expansion is continuous below with Hie 
superficial fibres of the ligamentum patellae. The posterior surface presents in its 
upper part a smooth, oval, articular area, divided into two facets by a vertical ridge ; 
the ridge corresponds to the groove on the patellar surface of the femur, and the 
facets to the medial and lateral parts of the same surface ; the lateral facet is the 
broader and deeper. A narrow strip, broader above than below and often in- 
conspicuous in the macerated specimen, is marked off from the medial part of 
the medial facet. This strip comes into contact with the medial condyle of the 


Fig. 463. — The left patella. 
Anterior aspect. 



Fig. 464. — ^The left patella. 
Posterior aspect. 
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femur in extreme flexion of the knee-joint. Below the articular surface there 
is a rough, convex, nou-articular area ; its lower part gives attachment to the 
ligamentum patellae ; its upper part is covered by the in&apatellar pad of fat. 

The apex is pointed, and gives attachment to the ligamentum patellae. 

The base or superior border is thick, and sloped from behind, downwards, and 
forwards : it gives attachment, except near its posterior margin, to that portion of 
the quadriceps femoris which is derived from the rectus femoris and vastus inter- 
medius. The medial and lateral borders are thinner and they converge below : they 
give attachment to those portions of the quadriceps femoris which are derived from 
the vasti medialis et lateralis. Near the junction of the superior and lateral borders 
there is a small, shallow, circular depression mto which a part of the tendon of the 
vastus lateralis is inserted. 

■ Structure. — ^The patella consists of a nearly uniform dense spongy substance, 
covered by a thin compact lamina. The spaces immediately beneath the 
anterior surface are arranged parallel with. it. In the rest of the bone they 
radiate from the articular surface towards the other parts of the bone. 

Ossification. — The patella is ossified from a single centre which usually 
makes its appearance in the second or third year, but may be delayed until 
the sixth year. Ossification is completed about the age of puberty. 

THE TIBIA (figs. 467-470) 

General features. — The tibia is the medial and much the stronger of the two 
bones of the leg, and, excepting the femur, is the longest bone of the skeleton. It is 
prismoid in form, and possesses a shaft and two ends. Its lower end is smaller than 

* The results of experimental excision of the patella in dogs are described by Eben J . 
Carey, Walter Zeit and Bernard F. McGrath, American Journal of Anatomy, vol. 40. 
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the upper end^ and on its medial side a stout process, termed the medial malleolus, 
projects downwards beyond the rest of the bone. The anterior border of the shaft 
is a conspicuous, sharp crest, which curves medially at the lower end towards the 
medial malleolus ; it is the most prominent of the three borders. The student 
should now be able to refer a given tibia correctly to its appropriate side. 

The upper end of the tibia is expanded, especially in its transverse axis, to 
provide a good bearing surface for the body weight transmitted through the lower 
end of the femur. It comprises two prominent masses, named the medial and 
lateral condyles^ and a smaller projection, termed the tubercle of the tibia. The 
condyles project backwards a little, so as to overhang the upper part of ±e posterior 
surface of the shaft, and superiorly each is covered by an articular surface, the two 
being separated by an irre^larly roughened intercondylar area. 

The medial condyle is the larger but does not overhang so much as the lateral 
condyle. Its upper articular surface (fig. 465), oval in outline, is concave in both 
diameters, and its lateral border projects upwards, deepening the concavity and 
covering an elevation, termed the medial intercondylar tubercle. The posterior 
surface of the condyle is marked, immediately below the articular margin, by a 
horizontal, roughened groove. Its medial and anterior surfaces form a rough strip, 
separated from the anterior surface of the shaft by an inconspicuous ridge. 


Fio. 466. — ^The upper surface of the 
right tibia. 

Tubercle * 



Fig. 466. — ^An outline of fig.’ 465 showing 
the attachments of the semilunar cart- 
ilages (menisci) and cruciate ligaments. 



The lateral condyle overhangs the shaft, especially at its posterolateral part, 
which bears on its inferior surface a small circular facet for articulation with the 
upper end of the fibula. The upper surface (fig. 465) is covered with the articular 
surface for the lateral condyle of the femur. Nearly circular in outline, it is slightly 
hollowed in its central part, and its medial border extends upwards to cover an 
elevation, termed the laterd intercondylar tubercle. The posterior, lateral and 
anterior surfaces of the condyle are rough. 

The anterior surfaces of the two condyles become continuous in front with a 
large triangular area, the apex of which is directed downwards and is formed by 
the tubercle of the tibia. The lateral edge of this area forms a sharp ridge which 
separates the lateral condyle from the lateral surface of the shaft. 

The intercondylar area (fig. 465) is a roughened strip on the superior surface 
which intervenes between the articular surfaces of the two condyles. It is narrowest 
at its middle, where it is marked by an elevation termed the intercondylar eminence. 
The lateral and medial parts of the eminence project slightly upwards, and con- 
stitute the lateral and medial intercondylar tubercles. BoA behind and in front of 
the eminence the intercondylar area becomes wider, as the curved margins of the 
articular surfaces recede from each other. 

The tubercle of the tibia is placed at the upper end of the anterior border of 
the shaft, and is the truncated apex of the triang^ar area on the front of the bone 
where the anterior surfaces of the two condyles become continuous. It forms a low 
eminence, divided into a lower roughened and an upper smooth portion. The 
lower part can be felt through the sl^, from which it is separated only by a bursa 
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termed the subcutaneous infrapateller bursa ; the upper part gives attachment to the 
ligamentum patellae. 

Particular features. — ^The articular surface of the medial condyle is oval in shape, with its 
long axis anteroposterior. It is related around its anterior, medial and posterior margins to 
the medial semilunar cartilage (medial meniscus), and the area of contact is flattened. The 
imprint of the cartilage, which is widest behind and narrower at the medial side and in front, 
can often be recognised on the bone. The rest of the surface is concave, and its raised lateral 
margin covers the medial intercondylar tubercle. The articular surface of the lateral condyle 
is more nearly circular in shape. Like the medial articular surface it is related to the corre- 
sponding semilunar cartilage, and bears its flattened imprint. Elsewhere the surface is 
very slightly concave to adapt it to the surface of the corresponding femoral condyle, and 
its raised medial margin is continued on to the lateral aspect of the lateral intercondylar 
tubercle. The edges of the two articular surfaces are sharp except at the posterior part of 
the lateral surface, where the margin is smooth and rounded ; in this situation the tendon 
of the popliteus is intimately related to the bone. The anterior and lateral margins of the 
lateral stiface and the anterior, medial and posterior margins of the medial surface give 
attachment to the coronary ligaments (p. 498). 

The intercondylar area (fig. 466) is widest anteriorly. In its anteromedial part, just in 
front of the medial articular surface, it bears a slight depression which gives attachment to 
the anterior horn of the medial semilunar cartilage. Behind that depression a relatively 
smooth area affords attachment to the lower end of the anterior cruciate ligament. The 
anterior horn of the lateral semilunar cartilage is attached to the bone in front of the inter- 
condylar eminence and lies lateral to the anterior cruciate ligament. The intercorvdylar 
eminence occupies the narrow, middle part of the area, and is surmounted by two tubercles, 
of which the medial is slightly the more prominent. The posterior slope of the eminence 
gives attachment to the posterior horn of the lateral semilunar cartilage, and behind that the 
intercondylar area inclines downwards and backwards. A depression behind the base of the 
medial intercondylar tubercle gives attachment to the posterior horn of the medial semi- 
lunar cartilage. The rest of the area is smooth and affords attachment to the lower end of 
the posterior cruciate ligament, as far back as the ridge to which the capsular ligament is 
attached. 

The groove on the posterior surface of the medial condyle receives the insertion of the 
semimembranosus muscle ; its upper border receives the capsular ligament, and its lower 
border the posterior and shorter fibres of the medial ligament of the knee-joint. The medial 
and anterior surfaces of the condyle, which are marked by numerous vascular foramina, 
give attachment to the medial patellar retinaculum. 

The fibular facet on the lalercd condyle is directed downwards and slightly backwards 
and laterally. Above and to its medial side the posterior surface of the condyle is grooved 
by the tendon of the popliteus, but a bursa intervenes between the tendon and the bone. 
The lateral and anterior surfaces of the condyle are separated from the lateral surface of the 
shaft by a sharp margin which gives attachment to the deep fascia of the leg. An impression 
on the anterior surface, often well-marked though flattened, affords attachment for the ilio- 
tibial tract. Near the fibular facet the uppermost fibres of the extensor digitorum longus 
and peroneus longus arise from the lateral surface. 

The tubercle of the tibia is subcutaneous in its lower part only ; its upper part receives the 
attachment of the ligamentum pateUse. The two areas are sometimes separated by a rough 
crest, which receives the superficial fibres of the ligament. Above the tubercle the bone is 
related to the deep surface of the ligament, but the deep infrapatellar bursa and some fibro- 
fatty tissue intervene. 

The shaft of the tibia (figs. 467, 469) is triangifiar on section^ possessing 
medialj lateral and posterior surfaces, separated by anterior, interosseous and medial 
borders. It is thinnest at the junction of its middle and lower thirds, but expands 
considerably towards its upper and lower ends. 

Th&*anterior border commences at the tubercle of the tibia and runs downwards 
to the medial malleolus. It is subcutaneous throughout its whole length, and, 
except in its lower fourth, where it is roimded and indistinct, forms a sharp crest, 
which is familiarly known as the ‘shin.’ It is not straight, but follows a slightly 
sinuous course and its lower fourth diverges towards the medial side. The inter-' 
osseous border commences below and a little in front of the fibular facet on the 
lateral condyle and descends to reach the anterior border of the fibular notch, which 
marks the lateral aspect of the lower end of the tibia. In nearly the whole of its 
length it affords attachment to the interosseous membrane which connects the tibia 
to the fibula. As a rule it is poorly defined at its upper end, but is easily identified 
in the rest of its extent. The medial border commences below the anterior end of the 
groove on the medial condyle and runs downwards to the posterior margin of the 
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Fig. 467. — The bones of the left leg. 
Viewed from in front. 
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medial malleolus. Its upper and 
lower fourths are rounded and 
. ill-definedj but its middle third 
is sharper and can be recognised 
without dfficulty. 

The medial surface is bounded 
in front by the anterior border^ 
and behind by the medial border. 
Itis broad and smooth^ andis sub- 
cutaneous throughout practically 
its whole extent. The lateral sur-- 
face^ also broad and smooth, is 
placed between the anterior and 
the interosseous borders. In its 
upper three-fourths it is directed 
laterally and is slightly concave 
from before backwards. Its lower 
fourth is carried round on to the 
front of the bone, owing to the 
deviation of the anterior border 
to the medial side and the for- 
ward inclination of the lower part 
of the interosseous border. This 
part of the surface is somewhat 
convex forwards. The posterior 
surface is bounded by the inter- 
osseous and the medial borders, 
and is widest at its upper end, 
where it is crossed from above 
downwards and medially by an 
oblique, roughened ridge, termed 
the soleal line. The area below 
this line is subdivided into medial 
and lateral parts by a faint vertical 
line;, which begins at or just be- 
low the middle of the soleal line 
and soon fades away. A prom- 
inent vascular groove marks the 
bone near the upper end of the 
vertical line and descends to 
enter the large nutrient foramen ; 
it may be situated either on the 
lateral or on the medial side of 
the vertical line. 

Particular features. — ^The ant- 
erior border provides attachment for 
the deep fascia of the leg throughout 
its whole extent. A little above the 
medial malleolus it receives the 
medial end of the superior extensor 
retinaculum (transverse ligament of 
the leg). Above the soleal line the 
medial border gives attachment to 
the fascia covering the ^ popliteus 
muscle and to the posterior fibres of 
the medial (tibial collateral) liga- 
ment of the knee-joint ; below the 
soleal line it gives origin for a short 
distance to fibres of the soleus mus- 
cle and attachment to the fascia 
which covers the deep muscles of 
the leg. At its lower end it be- 
comes continuous with the medial 
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border of the groove which lodges 
the tendon of the tibialis posterior 
muscle. The interosseous border 
gives attachment to the interosseous 
membrane of the leg, except at its 
upper and lower ends. Its upper 
end is scarcely recognisable, and in 
this situation there is a large gap in 
the interosseous membrane for the 
pa/3sage of the anterior tibial vessels. 
Its lower end forms the anterior 
boundary of the fibular notch and 
gives attachment to the anterior 
inferior tibiofibular ligament. 

The medial surface is usually 
roughened close to the upper part of 
the medial border over an area nearly 
5 cm# long and 1 cm. wide ; this 
area gives attachment to the longer 
fibres of the medial (tibial collateral) 
ligament of the knee- j oint. In front 
of this roughened area the surface 
provides insertion for the tendons 
of the sartorius, gracilis and semi- 
tendinosus muscles, which however 
rarely produce markings on the bone. 
The gracilis, above, and the semi- 
tendinosus, below and behind, are 
inserted immediately in front of the 
ligamentous area ; the sartorius is 
inserted into a line, which com- 
mences above and descends in 
front of the two other insertions 
(fig. 468). The rest of the surface 
is covered only by superficial fascia 
and skin, but its lower part is 
crossed obliquely by the long saph- 
enous vein, as it ascends from in 
front of the medial malleolus. 

The lateral surface gives origin 
in its upper two-thirds, or less, to 
the tibialis anterior muscle. Its 
lower part is devoid of muscular 
attachments, but is crossed by the 
tendon of the tibialis anterior (which 
lies along the lateral side of the an- 
terior border), the extensor hallucis 
longus, the anterior tibial vessels 
and nerve (deep peroneal nerve), 
the extensor digitorum longus and 
peroneus tertius, in that order from 
the medial to the lateral side. 

The ^305^erior surface gives insert- 
ion to the popliteus over the triang- 
ular area above the soleal line, with 
the exception of the area adjoining 
the fibular facet. The soleal line 
gives attachment to the strong 
fascia which covers tbe popliteus 
muscle, and to the soleus muscle, 
its covering fascia, and the fascia 
covering the deep muscles of the leg. 
The upper end of the line does not 
reach the interosseous border and is 
marked by a tubercle, which gives 
attachment to the medial end of the 
tendinous arch in the soleus. Lateral 
to that tubercle the posterior tibial 
vessels and nerve ddSoend on the 


I^G. 468. — Key to fig. 467. 
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Fig. 469. — The bones of the left leg. 
from behind. 
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surface of the tibialis posterior. 
Below the soleal line, the verU 
ical line separates the origin 
of the flexor digitorum longus 
on the medial side from the 
origin of the tibialis posterior 
(fig. 470) . The lower fourth, or 
more, of the posterior surface 
is devoid of muscular attach- 
ments, but is intimately related 
to the tendon of the tibialis 
posterior as it runs downwards 
and medially to reach the 
groove on the back of the med- 
ial malleolus. The flexor 
digitorum longus lies on the 
posterior surface of the tibialis 
posterior, crossing it obl^uely 
from the medial to the lateral 
side, but the posterior tibial 
vessels and nerve and the flexor 
hallucis longus come into con- 
tact with the lateral part of this 
surface for a short distance 
above the lower end of the 
bone. 

The lower end of the 
tibia is greatly expanded^ and 
its medial portion projects 
downwards beyond the rest 
of the bone to form the med- 
ial malleolus. It possesses 
anterior, medial, posterior, 
lateral and inferior sur- 
faces. 

The anterior surface is 
smooth and bulges forwards 
beyond the inferior surface, 
from which it is separated 
by a narrow groove. It is 
continuous above yrith the 
lateral surface of the shaft. 
The medial surface also is 
smooth and is continuous 
above with the medial sur- 
face of the shaft and below 
with the medial surface of 
the medial malleolus. It is 
subcutaneous and can easily 
be felt through the skin. The 
posterior surface is crossed 
at its medial end by a groove 
which is usually conspicuous 
and can be traced down on 
to the posterior surface of 
the medial maUeolus. Else- 
where this surface of the 
lower end is smooth and is 
continuous above with the 
posterior surface of the shaft. 
The lateral surface is formed 
by a triangular notch, termed 
XhQ fihular notch^ which is 
intimately related to the 
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lower end of the fibula. The 
anterior and posterior borders 
of the notch are salient and 
converge to meet above on the 
interosseous crest. The floor 
of the notch is roughened in its 
upper part for the attachment 
of the interosseous ligament 
which binds the lower ends of 
the two bones securely together. 
Its lower part is smooth and is 
sometimes covered with articular 
cartilage. The inferior surface is 
smooth for articulation with the 
body of the talus. Wider in 
front than behind, it is concave 
fi:om before backwards and 
slightly convex from side to 
side. Medially it is uninter- 
ruptedly continuous with the 
articular surface of the medial 
malleolus. 

The medial malleolus is a 
short but stout process. Its 
medial surface is smooth and 
convex, and can be felt easily 
through the skin. Its lateral 
surface is smooth and covered 
with a comma-shaped articular 
facet, which articulates with the 
medial side of the body of the 
talus. Its anterior smface is 
rough, and its posterior surface 
bears the lower end of the 
groove that marks the posterior 
surface of the lower end of the 
bone. The lower border of the 
malleolus is pointed in firont, 
and behind that, it presents a 
depression for ^e attachment 
of the deltoid ligament of the 
ankle-joint, 

Particularfeatures.— The anterior 
surface of the lower end is related 
to the tendons, vessels and nerve 
which lie on the lower part of the 
lateral surface of the shaft and have 
already been enumerated (p. 399). 
The narrow groove adjoining the 
anterior border of the inferior sur- 
face gives attachment to the anterior 
ligament of the ankle-joint. The 
groove on the posterior surface 
lodges the tendon of the tibialis 
posterior, which at that level usu- 
ally, separates the flexor digitorum 
longus tendon from the bone. More 
medially the posterior tibial vessels 
and nerve and the flexor hallucis 
longus tendon are in contact with 
this surface. The floor of the fihtdar 
notch, especially in its rough upper 
part, gives attachment to the 


Fig. 470. — ^Key to fig. 469, 
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interosseous tibiofibular ligament ; its lower smooth part may be covered with articular 
cartilage. The anterior and posterior borders of the notch give attachment respectively to 
the anterior and posterior inferior tibiofibular ligaments. The medial malleolvs is shorter 
than the lateral malleolus, which lies on a more posterior plane. Its anterior surface gives 
attachment to the anterior and capsular ligaments of the ankle-joint. Its posterior surface 
is grooved by the tibialis posterior tendon, and the raised, medial margin of the groove gives 
attachment to the flexor retinaculum (laciniate ligament). The upper end of the deltoid 
ligament is attached to the lower border of the malleolus both to the pointed anterior part 
and to the depression behind it. 

Structure. — ^The structure of the tibia is like that of the other long bones. 
The compact waU of the shaft is thickest at the junction of the middle with 
the lower one- third of the bone. 

Ossification. — The tibia is ossified from three centres (figs. 468, 470, 471) : one 
for the shaft and one for each end. Ossification begins in the middle of the shaft 

about the seventh week of intra- 

Fig. 47L-A plaii of the osdacation of the centre for the 

tibia. From three centres. upper end appears before or short- 

ly after birth, and from it a thin 
tongue-shaped process extends 
downwards in front to form the 
tubercle (fig. 471) ; the centre for 
the lower end appears in the 
second year. The lower end joins 
the shaft about the eighteenth 
year * the upper about the 
twentieth year. Two additional 
centres occasionally exist — one 
for the tongue-shaped process 
which forms the tubercle, and one 
for the medial malleolus. 

THE FIBULA (figs. 467-470) 

General features. — The fibula 
is the lateral bone of the leg, and is 
very slender as compared with the 
tibia, for it is not called upon to 
share in the transmission of the 
body weight. It possesses an upper 
end or head, a shaft and a lower end, 
which constitutes the lateral malle- 
olus. The shaft shows considerable 
variation in its form, for it is 
moulded by the muscles to which 
it gives attachment ; and these variations may prove confusing to the junior 
student. The lower end should be identified fast. It is expanded antero- 
posteriorly but is flattened from side to side. It bears a triangular articular 
facet on the anterior part of its medial surface;, which is directed medially to 
articulate with the talus. A well-marked depression, termed the malleolar fossa, 
lies posterior to the articular facet. The student has now been provided with 
sufficient information to enable him to determine the side to which a given fibula 
belongs. 

The head of the fibtila is slightly expanded in all its diameters, and projects 
beyond the shaft in front, behind and on fae lateral side. It bears on its upper sur- 
face a nearly circular articular facet, which articulates with the inferior surface 
of the lateral condyle of the tibia ; it is directed upwards, and slightly forwards and 
medially. A blunt elevation, termed the styloid process^ projects upwards from the 
lateral part of its posterior surface. The head of the fibula can be felt through the 
skin on the posterolateral aspect of the knee, nearly 2 cm, helow the level of the knee-- 
joint Immediately below the head a large nerve, termed the lateral popliteal nerve, 
crosses the posterolateral aspect of the constricted upper end of the shaft and can 
be rolled against the bone in the living subject. If sufficient pressure is exerted. 
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tingling sensations will be experienced on the dorsum of the foot, radiating to the 
toes, and especially to the medial side of tihe big toe. 

The lower end or lateral malleolus projects downwards to a lower level than 
the tibia. Its lateral surface is subcutaneous and can be felt through the skin 

Fig. 472. — transverse section through the right tibia and fibula, showing the 
attachment of the crural interosseous membrane. 


border 


Posterior border 

without difficulty ; its posterior surface is marked by a broad groove with a promin- 
ent lateral border. Its anterior surface is rough and rounded and is continuous 
below with the inferior border. The medial smface (fig. 473) presents a triangular 
articular facet, with its apex pointmg downwards, which articulates with the lateral 
surface of the talus in the ankle-joint ; it is convex from above downwards. Behind 
the articular facet the bone is marked by 
a roughened depression, termed the 
malleolar fossa^ which readily admits the 
tip of a finger. 

The shaft of the fibula (figs. 467, 469) 
possesses three borders and three sur- 
faces, each of which can be associated 
with a particular group of muscles. 

The borders are anterior, posterior and 
interosseous, and they should be identi- 
fied first. At its lower end the anterior 
border divides to enclose an elongated, 
triangular area which is continuous 
below with the lateral surface of the 
lateral malleolus. Traced upwards, 
it ascends to reach the anterior aspect 
of the head. The posterior border 
is continuous with the medial margin 
of the groove on the back of die 
lateral malleolus. Usually sharp and 
distinct in its lower part, it is often 
rounded in the upper half of its extent. 

The interosseous border lies to the medial 
side of the anterior border and as a rule 
is on a more posterior plane (fig. 472), 
but in the upper two-thirds of the 
bone these two borders are very close 
to each other, and the intervening 
surface may be i mm. or less in 
width. 

The lateral surface is bounded by the anterior and posterior borders. It is 
associated with the peroneal muscles, and is directed laterally in its upper three- 
fourths. Its lower fourth inclin es backwards and becomes continuous with the 
groove on the back of the lateral malleolus. The anterior surface is bounded by 
the anterior and the interosseous borders. It is usually directed forwards and 
medially, but frequently faces directly forwards. Wider below, it becomes 


Fig. 473. — The lower end of the right 
fibula. Medial aspect. 
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very narrow in its upper half^ and may be reduced to little more than a rounded 
ridge on the upper part of the shaft. It is associated with the extensor muscles of 
the leg. The posterior surface is the largest of the three and is placed between the 
interosseous and the posterior borders. It is associated with the flexor muscles of 
the leg. In its upper two-thirds it is divided into two areas by a longitudinal ridge^ 
termed the medial crests which is separated from the interosseous border by a 
grooved surface, directed medially. The rest of the posterior surface faces back- 
wards in its upper half or more, but its lower part curves round on to the medial 
aspect and is directed medially. The lower part of this area fits into the fibular 
notch on the tibia and is roughened for the attachment of the interosseous tibio- 
fibular ligament. 

The elongated, triangular area immediately above the lateral surface of the 
lateral malleolus is subcutaneous, but the rest of the shaft is covered with muscles 
and cannot be examined satisfactorily in the living subject. 


Fig. 474. — A plan of the ossification 
of the fibula. From three centres. 
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Particular features. — ^The head of the fibula affords origin to fibres of the extensor digit- 
onon longus in front, peroneus longus anterolaterally, and solens behind. The tendon of 

biceps femoris gains its principal insertion into 
the anterolateral, sloping surface of the styloid 
process, but it is split near its insertion by the 
lower part of the lateral ligament of the knee- 
joint, and its smaller anterior part passes into the 
lateral aspect of the head, above the origin of the 
peroneus longus. A flattened impression on the 
lateral aspect of the head receives the lower 
attachment of the lateral ligament of the knee- 
joint. The margins of the articular facet provide 
attachment for the capsular ligament of the 
superior tibiofibular joint. 

The anterior border of the fibula divides in- 
feriorly into two ridges which enclose between them 
a subcutaneous triangular surface (fig. 473). The 
anterior intermuscular septum of the leg is attached 
to its upper three-fourths, and the lateral extremity 
of the superior extensor retinaculum (transverse 
ligament of the leg) to the lower part of the 
anterior border of the triangular area. The lower 
part of the posterior margin of the triangular area 
gives attachment to the lateral extremity of the 
superior peroneal retinaculum. The interosseous 
border terminates below at the upper extremity of 
the roughened area for the attachment of the 
tibiofibular interosseous ligament. It provides 
attachment for the interosseous membrane and 
does not reach so high as the head of the bone, on 
account of the gap in the upper part of the mem- 
brane for the transmission of the anterior tibial 
vessels. The posterior border is not always recognis- 
able at its upper end ; below, it becomes continuous 
with the medial border of the groove on the back of the lateral malleolus. Except at 
its lower end it gives attachment to the posterior intermuscular septum of the leg. The 
medial crest of the bone is intimately related to the peroneal artery, and the nutrient 
foramen of the fibula is situated either on the crest or m its immediate vicinity near the 
middle of the shaft. It gives attachment to a layer of the deep fascia of the leg which 
separates the tibialis posterior from the flexor hallucis longus and the flexor digitorum 
longus muscles. 

The anterior surface of the fibula is often termed the extensor surface^ for it gives origin 
to .the extensor digitorum longus, the extensor hallucis longus and the peroneus tertius. 
The extensor digitorum longus arises from the whole breadth of the upper fourth of the 
surface and from the anterior part of the succeedmg two-fourths ; the extensor hallucis 
longus arises from its middle two-fourths behind the extensor digitorum longus ; the pero- 
neus tertius arises from its lower fourth or more, and is directly continuous with the lower 
part of the extensor digitorum longus. The lateral surface is frequently termed the peroneal 
surface^ because it gives origin to the peroneus longus and the peroneus brevis. The pero- 
neus longus arises from the whole extent of the upper third of the surface and from the post- 
erior part of the middle third. The peroneus brevis arises in front of the lower half of the 
peroneus longus and extends downwards beyond it almost to the lower end of the bone. 
On account of the relative attachments of their fleshy bellies the tendon of the peroneus 
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brevis is closely applied to the bone below and separates it from the tendon of the peroneus 
longus. The posterior surface, which is divided longitudinally into two parts by the medial 
crest, is often termed the flexor surface. The portion which lies between the crest and the 
interosseous border is slightly hollowed out and gives origin to the tibialis posterior ; it is 


Fig. 475. — The tarsus and metatarsus of the left foot. Dorsal aspect. 
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often crossed by an oblique ridge which gives attachment to an intramuscular tendon. 
This part of the surface is usuafly confined to the upper three-fourths of the shaft, and 
at its lower end the medial crest becomes confluent with the interosseous border. The 
portion of the posterior surface which lies between the medial crest and the posterior border 
gives origin in its upper fourth to the soleus, which extends upwards on to the posterior 
aspect of the head ; near the upper end of the medial part of this origin a roughened tubercle 
marks the lateral end of the tendinous arch which is thrown across the posterior tibial 
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vessels and nerve by the soleus muscle. Below the origin of the soleus the remainder of this 
surface gives origin to the flexor hallucis longus, whose origin extends downwards almost 
to the lower end of the bone. The triangular area of the shaft above the lateral malleolus is 
covered only by the superficial fascia and the skin. Above the lateral malleolus a triangular 


Fig. 476. — The tarsus and metatarsus of the left foot. Plantar aspect. 
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area on the medial surface of the shaft gives attachment to the interosseous tibiofibular 
ligament (fig. 473) and its anterior and posterior margins to the corresponding ligaments of 
the inferior tibiofibular joint. 

The anterior surface of the lateral malleolus gives attachment to the anterior talofibular 
ligament. The lower border is marked in front by a slight notch and behind by a small 
projection which constitutes the apex of the malleolus. It is to the notch that the cal- 
caneofibular hgament is attached. The groove on the posterior aspect lodges the tendons 
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of the peroneus brevis and peroneus longns ; the latter is the more superficial and is closely 
covered by the superior peroneal retinaculum. The rnalleolar fossa (fig. 473) is pitted by 
numerous small vascular foramina ; its upper part gives attachment to the iiaferior trans- 
verse tibiofibular ligament, its lower part to the posterior talofibular ligament. 

Ossification. — The fibula is ossified from three centres (fig. 474) : one for 
the shaft, and one for each end. Ossification begins in the shaft about the 
eighth week of intrauterine life, in the lower end during the second year, and in 
the upper about the fourth year. The lower epiphysis — ^the first to ossify — 
unites with the shaft about the twentieth year ; the upper about the twenty- 
fifth year. 


Fig. 477.— Key to fig. 476. 



THE SKELETON OE THE FOOT 

The skeleton of the foot has three segments : the tarsal bones, the metatarsal 
bones, and the phalanges’or bones of the digits. 

THE TABSTJS (figs. 475-477)^ 

The tarsus comprises seven short bones which make up the skeleton of 
the posterior half of the foot. It is homologous with the carpus but its con- 
stituent elements are larger and stronger, on account of the part they play in 
supporting and distributing the weight of iht body in the erect attitude. Like the 
bones of die carpus the tarsal bones are arranged in a proximal and a distal row, 
but an additional element is interposed between the two rows on the medial side. 
The proximal row comprises the talus and the calcaneum^ These two bones do 
not lie side by side ; the talus is placed above the calcaneum, but its long axis is 
directed forwards, medially and downwards, so that its anterior end or head comes 
to lie on the medial side of the calcaneum, though at a higher level. The distal row 
comprises four bones, named, from the medial to the lateral side, the medial cunei- 
form, the intermediate cuneiform, the lateral cuneiform and the cuboids 
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These bones lie side by side and together contribute to the formation of a transverse 
arch, which is convex upwards. On the medial side the navicular bone is inter- 
posed between the talus and the medial three bones of the distal row. On the 
lateral side the calcaneum articulates directly with the cuboid bone. 


Fia. 478. — ^The left talus. Superior aspect. 

For meMal malleolus i 
Head | 

Hech\ 


For lateral malleolus^ 

For inferior transverse ligament 
of ankle-joint 



Medial tubercle 

' Sulcus for flexor hallucis longus 
Trochlea for tibia 
Posterior tubercle 


Fia. 479. — ^The left talus. Plantar aspect. 

I For plantar calcaneonavicular ligament 
I For navicular bone 

\ Anterior calcanean articular surface 


Sulcus tali 



Posterior calcanean articular 
surface 


[Posterior tubercle 
\ Sulcus for flexor hallucis longus 
I Middle calcanean articular surface 


The foot is set at right angles to the leg, and the tarsus and metatarsus are 
arranged in such a way as to form intersecting longitudinal and transverse arches 
(fig. 497), As a result the weight is not transmitted to the ground from the tibia 
directly through the tarsus, but is distributed through the tarsal and metatarsal 
bones to the extremities of the arches (see p. 423). Each of the tarsal bones is 
roughly cuboidal in form and presents six surfaces for examination. 



PLATE XI 



Fia. 1. — Radiograph of the knee of a boy aged 16 years. Lateral view. 
Note that the upper epiphysis of the tibia includes the tibial tubercle, 
which is indicated by the arrow. • 



Fig.. 2. — ^Radiograph of the ankle of a child aged 10 years. Note that the 
inferior epiphyseal line of the fibula is opposite the ankle joint. 



PLATE XII 



Radiograph of an adult foot. 1 = tuberosity of navicular bone, partly obscured by the 
shadow of the head of the talus. 2 =cuneo -navicular joint. 3 = joint between meta- 
tarsal III and the lateral cuneiform bone. 4 = joint between metatarsal II and the 
intermediate cuneiform bone. 5 = joint between metatarsal I and the medial cuneiform 
bone. 


THE TALUS 
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The Tales (figs. 478-481) 

General features. — ^The talus is the principal connecting link between the 
foot and the bones of the leg, and takes an important part in the formation of the 
ankle-joint. The rounded head, which is placed at the anterior end of the bone, 
the trochlear surface for the tibia on the superior surface and the large triangnlar 
facet for the lateral malleolus on the lateral surface can be recognised without 
difficulty, and enable a talus to be referred to its appropriate side of the body. 

The talus possesses a head, a neck and a body. 

The head of the talus is directed forwards and slightly downwards and medially. 
Its anterun surface, which is oval and convex, with its long axis directed downwards 
and medially, articulates with the posterior surface of the navicular bone. The 

Fig. 480. — The left talus. Medial aspect. 


Trochlea for tibia 




inferior surface is marked by three articular areas^ which are separated by indistinct 
ridges. Of these areas the most posterior "is 'die’ largest ; oval in outline, it is 
gently convex and rests on the upper surface of a' sfielf-like projection from the 
medial side of the calcaneuni named the sustentapplum tali. Anterior and lateral 
to this area, and usually continuous with it, a flattened articular facet rests on the 
anterolateral part of the upper surface of the calcaneum.; it is continuous in front 
with the navicular surface. Medial to the two calcanean facets a part of the head 
of the talus is exposed on the plantar aspect of the ariic^atcd foot. This area is 
covered with articular cartilage and is continuous on the one hand with the calcanean 
areas and on the other with the navicular area. In the recent state it lies in contact 
with an important ligament named the plantar calcaneonavicular or ‘ spring ^ liga- 
ment (ip. ^ii). 

The neck of the talus is the slightly constricted part which connects the head 
to the body. It is set very obliquely on the body and extends farther backwards 
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on the medial side than on the lateral side. Its roughened surfaces give attachment 
to ligaments, and the medial part of its inferior surface exhibits a deep groove, 
termed the sulcus tali. When the talus and calcaneum are articulated together this 
groove forms the roof of a bony canal, termed the sinus tarsi^ which is occupied by 
3ie interosseous talocalcanean ligament. 

The body of the talus is cuboidal in shape. Its superior surface is covered 
by a trochlear articular surface, which articulates with the lower end of the tibia 
in the ankle-joint. It is convex from before backwards and gently concave from 
side to side, and it is important to observe that it is widest anteriorly. The lateral 
surface^ triangular in outline, is smooth for articulation with the lateral malleolus, 
and is concave from above downwards. Superiorly it is continuous with the 
trochlea i inferiorly its apex forms the lateral tubercle of the talus. The medial 
surface is covered in its upper part by a comma-shaped articular facet which is 
deeper in front than behind and articulates with the medial malleolus. Below the 
facet the surface is rough and is pitted by numerous vascular foramina. The 
posterior surface is rough, is small in extent and is marked by an oblique groove 
placed between two tubercles. The posterior tubercle^ which is usually the larger, 
is on the lateral side of the groove ; the medial tubercle is less prominent and lies 
immediately behind the sustentaciilum tali of the calcaneum (fig. 476). The 
inferior surface rests on the upper surface of the calcaneum and is covered with an 
oval concave facet, the long axis of which runs forwards and laterally. 

Particular features. — The talus is devoid of any muscular attachments^ but it provides 
attachment for numerous ligaments (figs. 563 ;and 564), as it takes part in the formation of 
the ankle, the talocalcanean and the talocalcaneonavicular joints. 

The long axis of the neck is inclined downwards and forwards and medially, making an 
angle of about 150° with the long axis of the body. This angle is smaller (130°- 140°) in 
the newly-born child, and helps to account for the inverted position of the foot in young 
children. The dorsal surface of the neck gives attachment anteriorly to the dorsal talo- 
navicular ligament and the anterior ligament of the ankle-joint ; the posterior part of this 
surface therefore lies within the capsular ligament of the ankle- j oint . The lateral part of the 
neck gives attachment to the anterior talofibular ligament, which extends downwards along 
the neighbouring anterior border of the lateral surface. The inferior surface of the neck 
gives attachment to the interosseous talocalcanean ligament, which is usually subdivisible 
into three parts (p. 509). 

The m^ial border of the trochlear articular surface is straight but its lateral border inclines 
medially at its posterior part, which is often broadened and flattened to form a small 
elongated triangular area. It is this part of the bone which comes into contact with the 
inferior transverse tibiofibular ligament in dorsiflexion of the ankle-joint. 

The 'posterior tubercle receives the attachment of the posterior talofibular ligament, 
which extends upwards to the groove, or depression, between the tubercle and the post- 
erior border of the trochlea. Its lower border gives attachment to the posterior 
talocalcanean ligament. The groove between the posterior and medial tubercles lodges the 
tendon of the flexor hallucis longus and is continuous below and in front with the groove 
on the inferior surface of the sustentaculum tali. The medial tubercle gives attachment by 
its medial aspect to the medial talocalcanean ligament below, and to the most posterior of 
the superficial fibres of the deltoid ligament above. 

The roughened area below the comma-shaped articular facet on the medial surface 
provides attachment for the deep fibres of the deltoid ligament. 

The long axis of the posterior calcanean facet on the inferior surface of the body runs 
forwards and laterally at an angle of about 45° with the median plane. In about 10 per 
cent, of oases * a small pressure facet is found at the lateral end of the posterior wall of the 
sulcus tali ; it is continuous with the anterolateral part of the posterior calcanean 
facet. 


The Calcaneum (figs. 482-485) 

General features — ^The calcaneum is the largest and strongest of the tarsal 
bones ; it projects backwards beyond the bones of the leg so as to provide a useful 
lever for the muscles of the calf, which are inserted into its posterior surface. It is 
irregularly cuboidal in shape, and its long axis is directed forwards, upwards and 
somewhat laterally. The student will experience no difficulty in distinguishing the 
small articular anterior end from the larger, roughened, posterior end, nor in dis- 

* R. B. S. Sewell, J oumad of Anatomy and Physiology, vol. xxxviii. 
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tinguishing the rough plantar surface from the upper surface, which bears a 
large, articular facet about its middle. Finally the lateral surface is flattened, 
whereas the medial surface is hollowed out from above downwards and back- 
wards. The student should now be able to assign a calcaneum correctly to its 
appropriate side of the body. 

The upper surface is subdivisible into three areas. The posterior third is rough- 
ened, convex from side to side and concave from behind forwards ; it supports a 
mass of fibro-fatty tissue interposed between the tendo calcaneus and the back 
of the ankle-joint. The middle third is covered by the posterior facet for the talus^ 
which is oval in outline and convex anteroposteriorly. The anterior third is 
partly articular and partly non-articular. In front of the posterior articular 
facet there is a rough depression, which becomes narrower and takes the form 
of a groove on the medial side. This is termed the sulcus calcanei or groove of 


Fig. 482. — The left calcaneum. 
Superior aspect. 


Fig. 483. — ^The left calcaneum. 
Plantar aspect. 



Posterior surface 


Groove for per&tuus longus 


Peroneal tubercle ■ 


For cuboid bone 
For attachment of 
short plantar 
ligament ^ 
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tali 



Sulcus for flexor 
Kallucis longus 


Medial tubercle 


the calcaneum ; it corresponds to the sulcus tali and helps it to complete the sinus 
tarsi in the articulated foot. In front of and medial to this groove an elongated 
articular area covers the upper surface of a projecting shelf termed the sustentacu- 
lum tali, and extends forwards and medially on to the body of the bone. This area 
is not infrequently subdivided into two parts by a narrow non-articular interval 
which marks the anterior limit of the sustentaculum tali. They constitute the 
middle and anterior facets for the talus. 

The anterior surface is the smallest of the six surfaces, and is entirely covered 
by an obliquely-set concavoconvex facet which articulates with the cuboid bone. 

The posterior surface is divided into three areas. The uppermost is smooth and 
is separated from the tendo calcaneus by a bursa and some fatty tissue. The middle 
area is the largest ; it is roughened to give insertion to the tendo calcaneus. The 
lowest area slopes downwards and forwards and is subcutaneous. 

The plantar surface is rough and is marked by three tubercles. The lateral 
and rhedial tubercles are placed at the posterior part of this surface and are separated 
from each other by a slight notch. The medial tubercle is the larger of the two. 
Near the anterior part of this surface the anterior tubercle forms a rounded promin- 
ence which is separated from the ahteridr border by a narrow rough area. 
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The lateral surface is almost flat and is much deeper behind than in front. In its 
anterior part it presents a small elevation, termed the p^oneal tubercle^ which is ex- 
ceedingly variable in its size. When well developed, it exhibits an oblique groove 
on its postero-inferior part, for the peroneus longus tendon, and a shallower groove 
on its anterosuperior aspect, for the peroneus brevis tendon. About i cm. or more 
behind the peroneal tubercle a second elevation may mark the bone ; it gives 
attachment to part of the lateral ligament of the ankle-joint. 


Sulcus calcanei 
Middle articular surface for talus | 


Fig. 484. — ^The left calcaneum. Lateral aspect. 
Sulcus calcanei i Posterior articular surface for talus 



Lateral tubercle 


Posterior I 
surface 


Fig. 485. — ^The left calcaneum. Medial aspect. 

Anterior articular surface 

Middle articular surface for talus j for talus 

Sustentaculum tali f 

Posterior articular surface for talus • I 



Posterior surface Medial tubercle 

The medial surface is concave from above downwards and backwards, and its 
concavity is accentuated by a shelf-like process, termed the sustentaculum tcdiy which 
projects me(hally from the anterior part of its upper border (fig. 482). The superior 
surface of this process bears the middle facet for the talus, and its inferior surface is 
marked by a groove which is continuous with the groove on the posterior surface of 
the talus and lodges the flexor hallucis longus tendon. The medial surface of the 
sustentaculum tali can be felt indistinctly through the skin immediately below the tip 
of the medial malleolus ; occasionally it presents a groove for the flexor digitorum 
longus tendon. 

Particular features. — The groove of the calcaneum gives attachment to the interosseous 
talocalcanean ligament (p. 509). In addition, the non-articular area in front of the posterior 
facet for the talus gives partial origin to the extensor digitorum brevis and attachment to 
the principal band of the inferior extensor retinaculum (cruciate ligament) and to the stem 
of the bifurcated ligament. 
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The medial tvbercle gives origin by its prominent medial margin to the abductor hallucis 
(fig. 477) and attachment to the superficial part of the flexor retinaculum (laciniate liga- 
ment), and in front to the plantar aponeurosis and the flexor digitorum brevis. The lateral 
tubercle gives origin to the abductor digiti minimi, which extends medially to arise from the 
front of the medial tubercle also. The roughened strip between the medial and lateral 
tubercles, behind, and the anterior tubercle, in front, gives attachment to the long plantar 
ligament, while the short plantar (plantar calcaneocuboid) ligament springs from the 
anterior tubercle and the narrow rough area in front of it (fig. 477). The lateral tendinous 
head of the flexor digitorum accessorius (quadratus plantse) arises from the bone in front of 
the lateral tubercle close to the lateral margin of the long plantar ligament. 

The posterior surface is wider below than above. Close to the medial side of the insertion 
of the tendo calcaneus it receives the insertion of the plantaris muscle. 

The anterior part of the lateral surface is crossed by the tendons of the peroneus longus 
and brevis, but in most of its extent is covered only by the skin and superficial fascia. The 
peroneus brevis tendon, after passing behind the lateral malleolus, runs forwards and slightly 
downwards above and in front of the peroneal tubercle ; the peroneus longus tendon passes 
downwards and forwards below and behind the tubercle, which gives attachment to a slip 
from the inferior peroneal retinaculum (p. 651). The calcaneofibular ligament is attached 
to the bone about 1 cm. or more behind the peroneal tubercle, and the site is usually 
indicated by a low rounded elevation. 


Fig. 486. — ^The left navicular bone. a. Anterior aspect, b. Posterior aspect. 
For intermed. cuneiform hone 



Occasional facet for cuboid hone 


The sustentaculum tali assists, by its upper surface, in the formation of the talocalcaneo- 
navicular joint ; its lower surface is grooved by the flexor hallucis longus tendon, and the 
margins of the groove give attachment to the deep part of the flexor retinaculum (laciniate 
ligament). The medial margin of the process is a narrow roughened strip, convex from 
before backwards. Anteriorly it gives attachment to the plantar calcaneonavicular 
or ‘ spring ’ ligament (p. 511) j behind that it gives attachment to a slip from the tibialis 
posterior tendon and to some of the superficial fibres of the deltoid ligament ; its posterior 
part receives the medial talocalcanean ligament. Below the attachment of the deltoid 
ligament the tendon of the flexor digitorum longus is related to this aspect of the process 
and sometimes its position is indicated by a groove. Below the groove for the flexor 
hallucis longus the medial surface gives origin to the large, fleshy, medial head of the flexor 
digitorum accessorius (quadratus plantse). 


The Navictjlar Bone (fig. 486) 

The navicular bone is situated in the medial part of the tarsus and 
is interposed between the head of the talus behind and the cuneiform bones 
in front. 

The anterior surface is convex from side to side and is subdivided into three 
facets (of which the most medial is the largest) for articulation with the three 
cuneiform bones. The posterior surface^ oval and concave, articulates with the head 
of the talus. The superior surface is roughened and is convex from side to side. The 
medial surface also is rough and is continued downwards to form a prominent pro- 
jection termed the tuberosity. It can be felt through the skin about 2*5 cm. bdow 
and in front of the medial malleolus. Th.^ plantar surface^ also roughened, is con- 
cave, and is separated from the tuberosity on the medial side by a groove. The 
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lateral surface is rough and irregularj but frequently presents a facet for articulation 
with the cuboid bone. 

Particular features. — The facet for the medial cuneiform is triangular in outline, with 
its rounded apex on the medial side. The facets for the intermediate and lateral cunei- 
form bones are also triangular, but their apices lie inferiorly. The dorsal surface gives 
attachment to the dorsal talonavicular, cuneonavicular, and cubonavicular ligaments. The 
tuberosity of the navicular bone provides the principal insertion for the tibialis posterior 
tendon, and the groove which lies on its lateral side on the plantar surface transmits the 
part of this tendon which runs forwards to reach the cuneiform bones and the bases of the 
middle three metatarsal bones. A slight projection marks the plantar surface of the bone on 
the lateral side of the groove. Together with the posterior edge of this surface it gives 
attachment to the plantar calcaneonavicular or ‘ spring ’ ligament. The roughened part 
of the lateral surface gives attachment to the calcaneonavicular part of the bifurcatsd 
ligament. 


The Cuneiform Bones (figs. 487 - 489 ) 

The cuneiform bonest three in number, are wedge-shaped and articulate with 
the navicular bone behind and the bases of the first, second and third metatarsal 
bones in front. The medial cuneiform bone is the largest of the three, and the 
intermediate the smallest. In the intermediate and in the lateral cuneiform bone 
the dorsal surface is the base of the wedge and the plantar surface represents the 


Pig. 487. — The left medial cuneiform bone. 

A. Medial aspect. b. Lateral aspect. 



edge, but in the medial cuneiform bone the wedge is reversed so that its edge is 
represented by the narrow, dorsal surface of the bone. This arrangement is an 
important factor in the constitution of the transverse arch of the foot. The 
posterior surfaces of the three cuneiform bones form a slight concavity for the 
navicular bone, but the anterior parts of the medial and lateral cuneiforms project 
farther forwards than the intermediate cuneiform bone, and bound a deep recess 
in which the base of the second metatarsal bone is lodged. 

Particular features. — ^The medial cuneiform bone (fig. 487 ) is the most medial bone of 
the distal row of the tarsus ; it articulates with the navicular bone behind and with the base 
of the first metatarsal bone in front. The dorsal surface is rough and narrow, and represents 
the edge of the wedge. The plantar surface represents the base of the wedge ; it receives 
a substantial sHp from the tendon of the tibialis posterior muscle. The anterior surface 
bears a large kidney-shaped facet for articulation with the base of the first metatarsal 
bone, and the Mttle notch which represents the hilum Hes on its lateral margin. The 
■posterior surface bears a piriform facet which articulates with the navicular bone. Concave 
from above downwards, it is narrower at its upper than at its lower end. The medial 
surface is rough and subcutaneous. It is sHghtly convex from above downwards and 
its antero-inferior angle is marked by a large, flattened impression which receives the 
msertion of most of the fibres of the tibialis anterior tendon. The lateral surface is partly 
articular and partly non-articular. Along its posterior and upper margins it is covered with 
an T-shaped smooth strip, which articulates with the intermediate cuneiform bone. The 
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upper and anterior part of this strip is separated by a vertical ridge from a small, almost 
square, facet which articulates with the upper part of the medial surface of the base of the 
second metatarsal bone. Below this facet the bone is attached to the medial side of the base 
of the second metatarsal bone by a strong interosseous ligament, and behind that the inter- 
osseous intercuneiform ligament connects it to the medial side of the intermediate cuneiform 
bone. The antero-inferior part of the lateral surface is roughened where it receives the 
insertion of part of the peroneus longus tendon. 


Fig. 488. — The left intermediate cuneiform bone. 


A. Anteromedial aspect. 
For med. cuneiform hone 



For 2nd metatarsal hone 


B. Posterolateral aspect. 

For navicular bone 



For lat. cuneiform hone 


The intermediate cuneiform bone (fig. 488) articulates in front with the base of the second 
metatarsal and behind with the navicular bone. It is of very regular wedge-like form, the 
base of the wedge forming the roughened, dcyrsal surface, and the edge the narrow, plantar 
surface, which receives a slip from the tibialis posterior tendon. The anterior and posterior 
surfaces are covered each with a triangular articular facet, for the base of the second meta- 
tarsal and the navicular bone, respectively. The medial surface is partly articular and 
partly non-articular. Along its posterior and upper margms it bears a f-shaped strip, 
occasionally subdivided into two parts, for articulation with the medial cuneiform. The 


Fig. 489.- — The left lateral cuneiform bone. 

A. Anterolateral aspect. b. Posteromedial aspect. 

For 4th meta- 
tarsal bone For cuboid hone For navicular 



tarsal hone 


lateral surface also is partly articular and partly non-articular. Along its posterior margin 
it bears a vertical strip, usually indented at its middle, for articulation with the lateral 
cuneiform bone. Strong interosseous ligaments connect the non-articular parts of the 
lateral and medial surfaces to the lateral and medial cuneiform bones. 

The lateral cuneiform bone (fig. 489) is placed between the intermediate cuneiform and 
the cuboid bones. In front it articulates with the base of the third metatarsal and behind 
with the navicular bone. Like the intermediate cuneiform, its dorsal surface, rough and 
almost rectangular, represents the base of the wedge, and its plantar surface, narrow and 
rough, the edge. The latter receives a slip from the tibialis posterior tendon and may 
give partial origin to the flexor hallucis brevis. The anterior surface is completely covered 
with a triangular articular facet for the base of the third metatarsal bone. The posterior 
surface is rough in its lower part but is smooth and articular in its upper two-thirds, which 
articulate with the navicular by means of a triangular facet. The medial surface is partly 
articular and partly non-articular. Along its posterior margin it bears a vertical strip, 
indented at its middle, for the intermediate cuneiform bone, and along its anterior margin 
a narrower strip, often divided into two small facets, serves for articulation with the lateral 
aspect of the base of the second metatarsal bone. The lateral surface also is partly articular 
and partly non-articular. A large triangular or oval facet is situated posteriorly for 
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articulation with the cuboid bone ; a small facet, semi-oval in shape, is placed at the upper 
part of its anterior margin for articulation with the dorsal part of the medial side of the base 
of the fourth metatarsal bone. The non-articular portions of the medial and lateral surfaces 
give attachment to strong interosseous intercuneiform and cuneocuboid ligaments, which 
play an important part in maintaining the transverse arch of the foot. 


THE CUBOID BONE (fig. 490) 

Greneral features.— The cuboid bone is the most lateral bone of the distal 
row of the tarsus, is situated between the calcaneum behind and the fourth and 

fifth metatarsal bones in front. 

The dorsal surface^ directed laterally as well as upwards, is rough for ligamentous 
attachments. The anterior part of die plantar surface is crossed by an oblique 
groove for the per oneus longus tendon^ which is bounded behind by a prominent ridge. 
This ridge ends laterally in an enlargement termed the tuberosity of the cuboid bone. 
The lateral aspect of the tuberosity is faceted for the sesamoid bone or cartilage 
which is ftequently found in the peroneus longus tendon. Behind the ridge the 
plantar surface is rough and, owing to the obliquity of the calcaneocuboid joint, 
extends backwards and medially so that the medial border of this surface is much 


Fig. 490. — The left cuboid bone. 


A. Anteromedial aspect. b. Posterolateral aspect. 

For lot. cuneiform hone For 4th metatarsal bone 



longer than the lateral border. The lateral surface is rough and exhibits a deep 
notch which marks the commencement of the groove for the peroneus longus ten- 
don. The medial surface is much more extensive and is partly articular and partly 
non-articular. It is marked near its middle by a smooth oval facet for articulation 
with the lateral cuneiform bone ^ behind this a small facet for the navicular bone is 
sometimes present. The two form a continuous articular surface but are separated 
by a vertical ridge. The anterior surface is divided by a vertical ridge into two 
articular areas ^ the medial facet is quadrilateral in form and articulates with the 
base of the fourth metatarsal bone ; the lateral facet, triangular in outline with the 
apex on the lateral side, articulates with the base of the fifth metatarsal bone. The 
posterior surface — smooth, triangular and concavoconvex — articulates with the 
anterior surface of the calcaneum ; its medial plantar angle projects backwards 
as a process which helps to support the anterior end of the calcaneum. 

Particular features. — ^Tbe dorsal surface gives attaohinent to the dorsal calcaneocuboid, 
cubonavicular, cuneocuboid and cubometatarsal ligaments. The ridge on the plantar sur- 
face gives attachment to the deep fibres of the long plantar ligament, which conceals the 
attachment of the short plantar (plantar calcaneocuboid) ligament to the posterior border 
of this surface. The projecting posteromedial part of the plantar surface receives a slip from 
the tendon of the tibialis posterior and gives origin to the flexor hallucis brevis muscle. 
The rough part of the medial surface of the cuboid affords attachment for the interosseous 
cuneocuboid and cubonavicular ligaments, and in its posterior part to the medial calcaneo- 
cuboid, which is the lateral limb of the bifurcated ligament. 

The Homologies of the Carpus and the Tarsus , — ^In the most primitive reptiles the carpus 
and tarsus resemble one another very closely and, on the assumption that the radius, which 
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is the pre-axial bone of the forearm, is homologous with the tibia, which is the pre-axial 
bone of the leg — a, view which is generally but not universally accepted — ^little difficulty 
is experienced in dete r m ining the homologies of their constituent elements. In man the 
carpus remains relatively primitive and the identffication of its elements in the reptilian 
carpus is a comparatively simple problem. Owing, to the adoption of the erect attitude 
the human tarsus has been modffied very considerably, and it is only by reference to the 
primitive reptilian condition that any clue can be obtained to the homologies of the carpal 
and tarsal bones. 


The following tabular statement presents the 
Reptilian CarpiLS, 

Os radiale 


view which has obtained 


Os intermediale 
Os ulnare 
Ossa centralia 
(1 and 2) 

Os carpale 1 

jj 2 


4 and 5 


Human Carpus. 
Scaphoid bone 
(less its tubercle) 
Lunate bone 
Triquetral bone 
Tubercle of the scaph- 
oid bone 
Trapezium bone 

Trapezoid bone 

Capitate bone 

Hamate bone 


Reptilian Tarsus. 
Os tibiale 

Os intermediale 
Os fibulare 
Ossa centralia 
(1 and 2) 

Os tarsale 1 

99 99 2 

99 99 3 

„ ,, 4 and 5 


most support. 
Human Tarsus. 
Talus 

(Os trigonum) 
Calcaneum 
Navicular bone 

Medial cuneiform 
bone 

Intermediate cunei- 
form bone 
Lateral cuneiform 
bone 

Cuboid bone 


THE METATARSUS 

The metatarsal bones^ five in number, are situated in the anterior part of the 
foot in front of the tarsus and behind the phalanges. They are numbered from 
the medial to the lateral side. 

The Common Chahaotees oe the Metataesal Bones 

Like the metacarpals, the metatarsals are miniature long bones, and each 
possesses a shaft, a base or proximal end, and a head or distal end. 

With the exception of the first and, to a lesser degree, the fifth, the shafts are 
long and slender, and are slightly convex longitudmally on their dorsal aspects 
and concave on their plantar aspects. They are prismoid in form and taper from 
the base to the head. 

The bases articulate with the distal row of the tarsus and with one another. The 
line of each tarsometatarsal joint, excluding the first, passes backwards and laterally, 
and the bases of the metatarsals are therefore set somewhat obliquely relative to 
their shafts — ^a fact which assists in the recognition of the side of the body to which 
the bones belong. 

The heads articulate with the proximal phalanges of their own digits, each by 
means of a convex articular surface which extends father on the plantar than on the 
dorsal surface ; the plantar extension ends on each side on the summit of a slight 
eminence. The sides of the heads are flattened, and each shows a depression 
surmounted dorsally by a tubercle, which gives attachment to one of the collateral 
ligaments of the metatarsophalangeal joint. 


The Chaeactees of the Individxjal Metataesal Bones 

The first metatarsal bone (fig. 491) is the shortest and thickest of the metatarsal bones. 
The body is strong, and of well-marked prismoid form. The base has no articular facets on 
its sides, but there is occasionally a pressure facet on the lateral side caused by contact with 
the second metatarsal bone. Its posterior surface, of large size and Iridney-shaped, 
articulates with the first cuneiform bone ; the lateral border of the facet shows a slight 
indentation, which represents the hihim of the kidney. Its circumference is grooved for 
the tarsometatarsal ligaments, and medially gives insertion to a part of the tendon of the 
tibialis anterior ; its plantar ^glo presents a rough, oval prominence for the insertion of 
G.A. o 
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Fig. 491. — The left first metatarsal bone Medial and lateral aspects. 


For sesamoid bones 



For med. cimeiform For peroneus 

boric longue 


the tendon of the peroneus longus. The lateral surface of the shaft is flat and gives origin 
to the medial head of the first dors^ interosseous muscle. The head is large ; on its plantar 
surface there is a median elevation separating two grooved facets on which sesamoid bones 
glide. 

Fig. 492. — The left second metatarsal bone. Medial and lateral aspects. 



The second metatarsal bone (fig. 492) is the longest of the metatarsal bones. Its wedge- 
shaped base bears four articular facets : one on its posterior surface, of a triangular form, 
for articulation with the intermediate cuneiform bone ; one at the upper part of its medial 
surface, for articulation with the medial cuneiform bone ; and two on its lateral surface. 
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Fio. 493. The left third metatarsal bone. Medial and lateral aspects 



For snd T Fffr 2nd ) 

metatarml For metatarsal Forxth 

bone intermed. bone metatarsal 

cuneiform bone 

bone 


an upper and a lower, separated by a rough non-articular interval. Each of these lateral 
articular surfaces is divided by a vertical ridge ; the anterior two facets articulate with the 
third metatarsal bone ; the posterior two (sometimes continuous) with the lateral cuneiform 
bone. A pressure facet is occasionally present caused by contact with the first metatarsal 


Eiq. 494. — The left fourth metatarsal bone. Medial and lateral aspects. 



For intermed. For sth 

cuneiform bone metatarsal hone 


bone ; it is oval in shape, and is situated on the medial side of the base, in front of the facet 
for the medial cuneiform bone. The medial and lateral surfaces of the shaft give origin 
respectively to the lateral head of the first dorsal interosseous muscle and the medial head 
of the second. 
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The third metatarsal bone (fig. 493) has a triangular hose, which articulates posteriorly 
with the lateral cuneiform bone ; medially it articulates by two facets with the second 
metatarsal bone ; and laterally, by a single facet situated at the dorsal angle, with the 
fourth metatarsal bone. The medial surface of the shaft gives origin to the lateral head of 
the second dorsal interosseous muscle and to the first plantar ; the lateral surface gives 
origin to the medial head of the third dorsal interosseous muscle. 

The fourth metatarsal bone (fig. 494) is smaller than the third. The posterior surface 
of its base bears an oblique quadrilateral facet for articulation with the cuboid bone* 
on its lateral side a single facet, for the fifth metatarsal bone ; on its medial side^a facet 


Ftg. 495. — The left fifth metatarsal bone. Medial and lateral aspects. 



j!0r ^ \ 

metatarsal For cuboid Tubercle 

hone bone 


divided by a ridge into an anterior portion for the third metatarsal bone, and a posterior 
portion for the lateral cuneiform bone. The medial surface of the shaft gives origin to the 
lateral head of the third dorsal interosseous muscle and to the second plantar ; the lateral 
surface gives origin to the medial head of the fourth dorsal interosseous muscle. 

The fifth metatarsal bone (fig. 495) is recognised by a rough emmence, termed the 
tubercle, on the lateral side of its base. The base articulates posteriorly with the cuboid 
bone by a triangular, obHquely cut surface ; and medially, with the fourth metatarsal bone. 
The tendon of the peroneus tertius is inserted on the medial part of its dorsal surface, and 
that of the peroneus brevis on the dorsal surface of the tubercle. A strong band of the 
plantar aponeurosis connects the projecting part of the tubercle with the lateral tubercle 
of the calcaneum. The plantar surface of the base is grooved by the tendon of the abductoi 
digiti minimi, and gives origin to the fiexor digiti minimi brevis. The medial side of the 
shaft gives origin to the lateral head of the fourth dorsal interosseous muscle and to the 
third plantar. 


The PHAiANaES oe the Foot (Phalanges Digitobtjm Pedis) 

The phalanges of the foot correspond in number and general arrangement with those of 
the hand ; there are two in the big toe, and three in each of the other toes. They are, 
however, much smaller, and their shafts, especially those of the bones of the first row, are 
compressed from side to side. 

The proximal phalanges closely resemble those of the hand. The shaft of each is com- 
pressed from side to side, convex above, concave below. The base is concave for articulation 
with the head of the corresponding metatarsal bone, and the head possesses a trochlear 
surface for articulation with the middle phalanx. 

The middle phalanges are remarkably small and short, but rather broader than the 
proximal phalanges. 

The distal phalanges resemble those of the fingers ; but they are smaller, and are 
flattened from above downwards ; each presents a broad base for articulation with the 
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coi^pond^ mMe phaJ^ and an expanded distal extremity for the snpport of the nail 
^d the end of the toe. Each bears a roughened tuberosity on the plantar aspect of its 


OSSIFIOATION OF THE BONES OF THE FoOT (fig. 496) 

The tarsal bones are ossified each firom a single centre, excepting the calean- 
eum, which has a scale-like epiphysis for its posterior part. The centres make 
then- appearance as follows : in the calcaneum, at the sixth month of intra- 
uterine life ; in the talus, about the seventh month ; in the cuboid, at the ninth 
month ; in the lateral cuneiform, during the first year ; in the medial cuneiform, 
during the third year ; in the intermediate cuneiform and navicular, during the 
fourth year. The epiphysis for the posterior part of the calcaneum begins to 
ossify between the sixth and tenth years, and unites with the rest of the bone 


Fig. 496. — plan of the ossification of the bones of the foot. 


Awan 8th~9th wk. 
XJnites 17th’20th yr. 
Appears 3rd-4th yr. 
Appears 3rd'6th yr. 

Unites 17th'18th yr. 

Appears 12th-16th wJc. 
Appears 3rd-6th yr. 

Unites 17th-‘18th yr. 
Appears ith-lOth month 



ccucaneum appears Sth-lOth 
yre,; unites soon after ptiberty 

Calcaneum — 6tii month 
Talus — 7th month 


Navicular — 4ih yr. 

Cuboid — 9th month 
Lateral cuneiform — 1st yr, 
Intermed. cuneiform — 4th yr. 
Medial cuneiform — 3rd yr. 
Appears 3rd yr. 

Unites 17th-20th yr. 

Appears 8th‘9th wk. 


Appears 6th yr. 
Unites mh-18th yr. 
Appears Sth wk. 


soon after puberty. The posterior tubercle of the talus is sometimes ossified 
from an independent centre, and may then remain separate or it may be con- 
nected to the rest of the bone by cartilage. This additional ossicle is named the 
08 trigonum. 

The metatarsal bones are ossified each from two centres : a primary centre 
for the shaft, and a secondary or epiphyseal centre for the base or proximal end 
of the fi[rst, and for the head or distal end of each of the other four.* Ossification 
begins in the middle of the shaft about the eighth or ninth week of intrauterine 


* As in the first metacarpal bone (see page 366), so in the first metatarsal, there is 
sometimes a second epiphysis for the head. 
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life. The epiphysis for the base of the first metatarsal appears about the 
third year ; those for the heads of the other metatarsals between the third and 
fourth years ; all unite with the shafts between the seventeenth and twentieth 
years. An epiphysis is frequently present on the tubercle of the base of the 
fifth metatarsal bone (Holland).* 

The phalanges are each ossified from two centres : a primary one for the 
shaft and an epiphysis for the base. The primary centres for the distal phalanges 
appear about the eighth week of intrauterine life : those for the proxunal 
phalanges between the twelfth and sixteenth weeks, and those for the inter- 
mediate phalanges after the sixteenth week (that for the phalanx of the fifth toe 


Fig. 497. — ^Th© skeleton of the left foot. Medial aspect. 



does not usually appear until after birth). The epiphyseal centres appear 
between the third and sixth years, and unite with the shafts about the seven- 
teenth or eighteenth year. 


CoiyrPABisoK of the Bones of the Hand and Foot 

The hand and foot are constructed on similar principles — each comprising 
a proximal part, the carpus or tarsus, an intermediate portion, the meta- 
carpus or:-metatarsus, and a distal portion, the phalanges. The proximal part 
consists of a series of more or less cubical bones which allow a slight amount 
of gliding on one another and are chiefly concerned in distributing forces 
transmitted to or from the bones of the forearm or leg. The intermediate 
part is made up of slightly movable long bones, which assist the carpus or 
tarsus in distributing forces, and also give greater breadth for the reception of 
such forces. The separation of the individual bones from one another allows 
of the attachments of the interosseous muscles and protects the dorsipalmar 

* 0. Thurstan Holland, Joitmal of vol. Iv. 1921* 
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and dorsiplantar vascular anastomoses. The distal portion is the most movable, 
and its separate elements enjoy a varied range of movements, the chief of which 
are flexion and extension. 

The functions of the hand and foot are, however, very different, and the 
general similarity between them is greatly modified to meet these requirements. 
Thus, the foot forms a firm basis of support for the body in the erect posture, 
and is therefore more solidly built, and its component parts are less movable 
on each other than those of the hand. The architecture of the bones of the 
hand is designed to provide an efficient instrument of prehension, and its com- 
ponent parts are not only capable of a greater range of movement but possess 
a greater degree of independent mobility. In the case of the proximal phalanges 
the difference is readily noticeable ; those of the foot are smaller and their move- 
ments more limited than those of the hand. The difference between the meta- 
carpal bone of the thumb and the metatarsal bone of the big toe is very much 
more marked. The position of the metacarpal bone of the thumb permits 
of great mobility ; as compared with the other metacarpal bones, it is carried 
forwards and rotated round its long axis through an angle of approximately 
90°, and it is capable of a considerable range of movement at its articulation 
with the carpus. The metatarsal bone of the big toe assists in supportmg 
the weight of the body, is constructed with great solidity, lies parallel with the 
other metatarsals, and has a limited degree of movement. The carpus is 
sm all in proportion to the rest of the hand, is placed in line with the forearm, and 
forms a transverse arch, the concavity of which constitutes a bed for the flexor 
tendons. The tarsus forms a considerable part of the foot, and is placed at 
right angles to the leg, a position which is almost peculiar to man, and has relat- 
ion to his erect posture. In order to allow of their supporting the weight of 
the body efficiently while making provision for the requisite spring and elast- 
icity of the gait, the tarsus and metatarsus are bruit up into a series of arches 
(figs. 497, 498), the disposition of which will be considered after the articulations 
of the foot have been described. 


THE SESAMOID BOISIES* 

The sesamoid bones are more or less rounded nodules of bone imbedded in 
certain tendons and usually related to articular surfaces. Their functions probably 
are to modify pressure, to diminish friction, and occasionally to alter the direction 
of the pull of a muscle. The fact that they are present as cartilaginous nodules in 
the foetus and in greater numbers than in the adult shows that they are not developed 
to meet certain physical requirements in the adult. They must be regarded as 
integral parts of die skeleton phylogenetically inherited.f Physical necessities 
probably come into play in selecting and in regulating the degree of development 
of the original cartilaginous nodules. 

Sesamoid bones are invested by the fibrous tissue of the tendons, except on the 
surfaces in contact with the parts over which they glide, where they present smooth 
articular facets. 

In the upper limb the sesamoid bones of the joints are foimd only on the palmar 
surface of the hand. Two, of which the medial is the larger, are present at the 
metacarpophalangeal joint of the thumb, imbedded in the tendons of the adductor 
pollids and the flexor poUicis brevis ; one is frrequently present in the corresponding 
joint of the index finger, and one (or two) in the same joint of the little finger. 
Sesamoid bones are found occasionally imbedded in the palmar ligaments at the 
metacarpophalangeal joints of the middle and ring fingers, at the interphalangeal 
joint of the thumb, and at the distal interphalangeal joint of the index finger. 

In the lower limb the largest sesamoid bone of the joints is the patella, developed 
in the tendon of the quadriceps femoris. On the plantar aspect of the foot, two, of 
which the medial is the larger, are always present at the metatarsophalangeal joint 
of the big toe, imbedded in the tendons of insertion of the flexor hallucis brevis ; 
one sometimes at the metatarsophalangeal joints of the second and fifth toes, one 

♦ Consult an article by A. H. Bizarre, Joiumal of Anatomy vol. Iv. 1921. 

•j* Thilenius, Morpholog, Arheiten, v. 1896. 
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occasionally at the corresponding joints of the third and fourth toes, and one at the 
interphalangeal joint of the big toe. 

Sesamoid bones apart from joints are seldom found in the tendons of the upper 
limb ; one is some^es seen in the tendon of the biceps opposite the radial 
tuberosity. Sesamoid bones or cartilages are, however, present in several of the 
tendons of the lower limb — viz. one in the tendon of the peroneus longus where it 
glides on the cuboid bone i one, appearing late in life, in the tendon of the tibialis 
anterior, opposite the smooth facet on the anteromedial part of the medial surface 
of the niedial cuneiform bone ; one in the tendon of the tibialis posterior, opposite 
the medial side of the head of the talus ; one in the lateral head of the gastrocnemius, 
behind the lateral condyle of the femur ; and one in the tendon of the psoas major 
where it glides over the ilium. Sesamoid bones are found occasionally in the 
tendons which wind round the medial and lateral malleoli, and one is sometimes 
present in the tendon of the gluteus maximus where it passes over the greater 
trochanter of the femur. 
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A J OIN T or articulation is formed where two or more bones of the skeleton 
meet one another. In long bones the ends are the parts which form the 
joints : in flat bones the joints usually are formed at the edges : and in 
short and irregular bones the joints may occur at various parts of their 
surfaces. 

The function of the joint is the most important factor in the determination 
of its character and structure. In some situations, e.g. in the skull, it is im- 
portant that no movement should be permitted between contiguous bones ; in 
other situations, e.g. in the vertebral column, a slight degree of mobility is 
advantageous, provided that it can be obtained without any loss of strength ; 
and in still other situations the provision of a more or less wide range of move- 
ment is aU-important. 

In the earlier sections the development of the skeletal system and its 
component parts has been described, and it has been shown how in the first 
place the individual bones are laid down as condensations of the mesenchyme. 
Later, adjoining areas of condensation may become continuous with one 
another before they undergo the processes of chondrification and ossification. 
Centres of chondrfiS-cation and ossification appear and outline the individual 
bones, which are connected to one another by plates of mesenchyme. The 
subsequent history of this mesench3nnal pla^ differs in different types of joint. 
It may become converted into white fibrous tissue ; it may be converted into 
cartilage ; or it may break down and leave a space between the two opposed 
bones. In the first case the connecting medium between the bones concerned 
is white fibrous tissue, made up of numbers of bundles of short, white connective 
tissue fibres running between the opposing ends : such joints are immovable 
and are termed fibrous joints. In the second case the connecting medium 
between the bones concerned is white fibrocartilage ; such joints are capable 
of a limited range of movement, and are termed cartilaginous joints. In the 
third case the opposed bones are separated from one another by a space, lined 
by a special membrane which is termed synovial membrane ; the joint possesses 
a more or less wide range of movement and is termed a synovial joint. 

In joints where only a slight degree of movement is required, the desired 
result is obtained by the provision of a cartilaginous joint when adequate 
leverage is available, e.g, in the joints between the bodies of the vertebrae. In 
some situations, however, e.g. in the joints of the carpus and metacarpus, the 
necessary leverage cannot be obtained and synovial joints are essential to pro- 
vide even very limited degrees of movement. 

All the joints in the human body fall into one of these three categories, and 
the salient features of each group must be considered, before the individual 
joints of the body can be described in detail. 


A CLASSIFICATION OF THE JOINTS 

Joints are divided into three classes : fibrous joints, cartilaginous joints, 
and synovial joints. 

1. Fibeous Joints. [Abticulationes Fibeos.®] 

Fibrous joints are articulations in which the surfaces of the bones are fastened 
together by intervening fibrous tissue, and in which there is no appreciable 
motion, as in the joints between the bones of the cranium. There are two 
principal groups of fibrous joints : sutures and S3mdesmoses. Sutures, however, 
can be subdivided into seven different varieties. 

A suture is an articulation met with only in the skull, where the margins of 

Q.A. o2 
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the bones articulate with one another (fig. 499), but are separated by a thin layer 
of fibrous tissue, which is named the sutural ligament and is continuous ex- 
ternally with the periosteum on the outside of the skull (pericranium), internally 
with the fibrous layer of the dura mater (the membrane which covers the brain). 

When the bony margins are provided with saw-hke edges the articulation 
is named sutura serrata, as in the sagittal suture. When the margins present a 
series of tooth-like processes which widen towards their free ends, the articula- 
tion is named a denticulate suture. Where one bone overlaps another, as in the 
suture between the temporal and parietal bones, it is named sutura sqmmosa ; 
where the overlapping edges are ridged or serrated it is named sutura limbosa ; 

Fig. 499. — A section through the Fig. 500 , — A section through the spheno- 
sagittal suture. occipital joint of an infant. 



Periosteum 


where there is simple apposition of contiguous rough surfaces, as between the 
palatine processes of the maxillae, or between the horizontal plates of the palatine 
bones, it is named sutura plana. 

A gbmphosis or peg -and- socket suture is articulation by the insertion of a 
conical process into a socket ; it is seen in the articulations of the roots of the 
teeth with the alveoli of the mandible and maxillae. A schindylesis or wedge- 
and-groove suture is a joint where a ridge fits into a grooved surface ; it is 
seen in the articulation between the rostrum of the sphenoid and the upper 
border of the vomer. 

Syndesmosis is a joint in which the opposed bony surfaces are connected 
by an interosseous ligament, as in the inferior tibiofibular joint. 

2. Cartilagikous Joints. [Artictjlationes CABTiLAGiNBiE] 

In these articulations the opposed bony surfaces are connected to each 
other by cartilage, and a limited amount of movement may be possible. There 
are two varieties of cartilaginous joints, viz. primary and secondary. 

Primary cartilaginous joint. — ^This is usually a temporary form of joint, for 
the connecting cartilage, which is hyaline in character, is, in most cases, con- 
verted ultimately into bone. Primary cartilaginous joints are found between 
the epiphyses and diaphyses of long bones, between the occipital and sphenoid 
bones at and for some years after birth, and between the petrous parts of the 
temporal bones and the jugular processes of the occipital bone. No movement 
is permitted at these joints, for the cartilaginous plate is relatively thin and 
the necessary leverage cannot be obtained. 

Secondary cartilaginous joint. — In this joint the opposed bony surfaces are 
covered with hyaline cartilage, and are connected to each other by a flattened 
disc of fibrocartilage of a more or less complex structure (fig. 501). The bones 
are also connected by bands of white fibrous tissue termed ligaments, which, 
however, do pot form a complete capsule round the joint. A limited degree of 
movement is permitted and it is rendered possible by the compressibility of the 
cartilaginous disc and the degree of leverage which is available. Secondary 
cartilaginous joints are represented by the joints between the vertebral bodies, 
the joint between the manubrium and the body of the sternum, and the joint 
between the pubic bones (pubic symphysis). All these articulations lie in the 
median plane of the body. 

3. Synovial Joints. [Articulationes Synovtalbs] 

Most of the joints of the body, including all the joints of both limbs, with the 
exception of the inferior tibiofibular syndesmosis and the pubic symphysis, 
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belong to the synovial group. They have certain definitely characteristic 
features. (1) The contiguous bony surfaces are covered with articular cartilage 
and are not attached to one another. (2) There is a joint cavity, which is 
reduced to a potential space in the normal healthy condition during life. (3) The 
joint is completely surrounded by an articular capsule, which consists of a 
capsular ligament Lined with a synovial membrane. (4) The synovial mem- 
brane lines the whole of the interior of the joint with the exception of the 
cartilage- covered ends of the articulating bones. (5) The bones are usually 
connected by a variable number of ligaments which are additional to the 
capsular ligament and usually superficial to it. (6) On account of the nature of 
the connexions between the bones concerned, movement is always possible in a 
synovial joint ; it may vary from a simple gliding movement, very limited in 
range, such as is permitted between the individual bones of the carpus, to the 
wide range of movement of the shoulder-joint. 

In addition, the joint-cavity may be divided, completely or incompletely, 
by an articular disc of fibrocartilage (fig. 503). These structures act as shock- 
reducing agents and they serve to ensiire perfect contact between the moving 
surfaces in any position of the joint (p. 429). The periphery of articular 
discs is continuous with the capsular ligament of the joint, while their free 
surfaces are covered with synovial membrane, unless they are subjected to 
pressure, as in the knee-joint. 

The articular cartilage which covers the articular surface of a bone is usually 
hyaline in character, but in the cases of bones which ossify in membrane it may 
be white fibrocartilage. It contains neither nerves nor blood-vessels, and its 
nutrition is derived from the vascular network in the synovial membrane at its 
periphery, and to a certain extent jfrom the synovia which lubricates the joint 
{vide infra). Macroscopically its free surface is smooth and has no covering 
perichondrium ; microscopically the surface is finely irregular, and minute 
shred-Hke projections indicate the effects of normal wear and tear. The 
deepest part of the articular cartilage is calcified and is firmly attached to the 
articular surface of the bone, which is formed by a compact layer termed the 
articular lamella. The lacunae of this lamella are large but no Haversian 
canals or canalieuli are present. The vessels of the neighbouring spongy 
substance approach the articular lamella but do not perforate it, so that it is 
denser and firmer than ordinary bone. 

The capsular ligament consists of parallel and interlacing bundles of white 
connective tissue fibres. It forms a sort of cuff or brassard, each end of which 
is attached to a continuous line around the articular end of one of the bones 
concerned, usually in the immediate neighbourhood of the periphery of the 
articular surface, but this arrangement is subject to considerable variation. 
It is perforated by the articular vessels and nerves, and may present one or 
more apertures through which the synovial membrane protrudes to form a 
pouch or sac. The capsular ligament usually shows two or more localised 
thickenings in which the constituent fibre bundles are generally parallel to ^ne 
another. These thickenings are the ligaments of the joint and they are named 
according to their position or attachments. In some joints the capsular liga- 
ment is reinforced or replaced by the tendons, or by expansions from the 
tendons, of neighbouring muscles. Some joints possess accessory ligaments 
which stand clear of the capsular ligament. Such accessory ligaments may be 
situated outside the capsule, or they may be intracapsular. 

All ligaments are tough, inelastic and unyielding, but at the same time 
flexible and pliant, so that they offer no resistance to normal movements. On 
the other hand they are designed to prevent the occurrence of excessive or 
abnormal movements, and every ligament becomes taut at the normal limit of 
some particular movement. They are not designed to withstand prolonged 
tension, and pain always results when they are subjected to it. 

The synovial membrane lines the capsular ligament and covers those parts 
of the bones which are within the capsule, but ceases at the margins of the 
articular cartilages, which it usually overlaps to a slight extent. It gives a 
covering to all intracapsular structures, e.g. tendons, ligaments or articular 
discs, with certain important exceptions. The semilunar cartilages of the 
knee-joint, which are subjected normally to considerable pressure, have no 
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synovial covering although they are clothed with synovial membrane in the 
foetus ; and an area on the anterior part of the capsular ligament of the hip- 
joint corresponding to the front of the head of the femur is devoid of synovial 
lining. In many joints the synovial membrane forms fringe-like processes, 
usually containing small pads of fat, which project into the interior and fill up 
any irregularities or potential spaces in the joint (fig. 533). The synovial 
membrane secretes a small quantity of viscid glairy fluid termed symvia. ' This 
fluid acts as a lubricant and may help to nourish the articular cartilage. It 
contains small percentages of salts, albumen, extractives, etc., some of which 
are no doubt contributed by the wearing away of the articular cartilage. 

Histolo^cally the synovial membrane is composed of a delicate, vascular, 
connective tissue, which is covered on its free surface by an incomplete layer 


Fig. 501. — A section through a secondary cartilaginous joint. Diagrammatic. 



Fig. 502. — A section through a simple 
synovial joint. Diagrammatic. 


Fig. 503. — A section through a synovial joint 
with an articular disc. Diagrammatic. 



of flattened cells, resembling an endothefium. The collagenous groundwork 
of the tissue is traversed by numerous fine fibres and contains many coiinective 
tissue cells of different types. The cell elements of the synovial membrane are 
migratory and highly phagocytic. They may be present in the synovia, and 
are capable of absprbing micro-organisms and foreign particles injected into 
the joint. In addition, they probably absorb the cartilaginous debris which 
must result from ordinary wear and tear. 

The synovial sheaths of tendons (vaginae mucosse) and the synovial bursae 
(bursae mucosae) are closely related in structure and function to the synovial 
membrane of joints. 

Classification. — Synovial joints are classified according to the kind of motion 
permitted in them. There are two varieties in which the movement is uniaxial ; 
that is to say, all movements take place around one axis. In one, the ginglymus 
or hinge-joint, this axis is, practically speaking, transverse ; in the other, the 
articulatio trochoidea or pivot-joint, it is longitudinal. There are two varieties 
where the movement is bi-axial ; these are the articulatio condyloidea or con- 
dyloid joint and the articulatio sellaris or saddle-joint. There is one form where 
the movement is poly-axial, the articulatio cotylica or hall-and-socket joint ; and 
finally there is the articulatio plana or plane joint. 

In uni-axial and poly-axial joints it is not difficult, from the mechanical 
point of view, to ensure that the opposed articular surfaces shall make perfect 
contact in all positions of the joint, but the same object is by no means easy to 



429 


KINDS OF MOVEMENT 

attain in biaxial joints, where movements are possible around two axes which 
are at right angles to each other. In many situations this difficulty is overcome 
by the provision of articular discs. The opposite surfaces of a disc do not 
correspond to each other, but each is accurately adapted to the bone with which 
it is in contact. When movement occurs round one of the two axes, the disc 
remains stationary relative to one of the bones but moves with it over the other ; 
when movement occurs round the other axis, the disc remains stationary 
relative to the opposite bone and moves with it. For example, when the 
sternal end of the clavicle is elevated or depressed, the clavicle moves over the 
clavicular surface of the articular disc of the joint, but when the bone is moved 
forwards or backwards, the disc remains stationary relative to the clavicle and 
moves with it over the clavicular notch of the manubrium sterni. This arrange- 
ment ensures perfect contact between the bones and the disc in all positions of 
the joint, and in this sense, the discs may be said to adapt the opposed articular 
surfaces to each other. 

Ginglymus or hinge-joint. — In this form the articular surfaces are moulded 
to each other in such a manner as to permit motion in one plane only. On each 
side of the articular surfaces the bones are connected together by strong col- 
lateral ligaments, which form their chief bond of union. The best examples 
of hinge- joints are the interphalangeal joints, and the joint between the humerus 
and ulna. 

Articulatio trochoidea or pivot-joint. — ^Where the movement is limited to 
rotation, the joint is formed by a pivot turning within a ring, or a ring turning 
on a pivot, the ring being formed partly of bone, partly of hgament. . In the 
superior radio-ulnar joint, the ring is formed by the radial notch of the ulna 
and the annular ligament ; here, the head of the radius rotates within the ring. 
In the articulation of the odontoid process (dens) of the axis with the atlas, the 
ring is formed in front by the anterior arch, and behind by the transverse liga- 
ment, of the atlas ; here, the ring rotates round the odontoid process. 

Condyloid articulation. — ^In this form of joint, an ovoid, convex, articular 
surface, or condyle, is received into an elhptieal concavity in such a manner as 
to permit of active flexion, extension, adduction, abduction and circumduction, 
but no active axial rotation. The radiocarpal joint is an example of this 
form of articulation. {See also p. 473.) 

Saddle-articulation. — In this variety the opposing surfaces are reciprocally 
concavoconvex, and the movements are the same as in the preceding form. 
The best example of the saddle-articulation is the carpometacarpal joint of the 
thumb. 

Articulatio cotylica or baU-and-socket joint. — In this type of joint the distal 
bone is capable of motion around an indefinite number of axes, which have one 
common centre. It is formed by the reception of a globular head into a cup- 
like cavity, hence the name ‘ ball-and-socket.^ ' Examples of this form of ar- 
ticulation are found in the hip- and shoulder- joints. 

A plane joint is one which admits of gliding movement only ; it is formed 
by the apposition of plane, or nearly plane, surfaces, the amount of motion in 
such joints being limited by the ligaments or osseous processes surrounding 
the articulations. It is seen in the joints between the articular processes of the 
vertebrae, and in most of the carpal and tarsal joints. 


The Kinds of Movement permitted in Joints 

The movements permitted in joints may be divided into four kinds : gliding - 
and angular movements, circumduction, and rotation. Frequently these are 
more or less combined in the various joints, so as to produce an infimte variety, 
and it is seldom that only one kind of motion is found in any particular joint. 
Where movement is limited in range, the reciprocal articular surfaces are approxi- 
mately equal in size, but where movement is free, they show considerable differ- 
ences, the more movable bone usually possessing the larger surface. 

Gliding movement is the simplest kind of motion that can take place in a 
joint, one surface gliding over another without any angular or rotatory move- 
ment. It is common to most movable joints ; but in some, as in most of the 
articulations of the carpus and tarsus, it is the only motion permitted. This 
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movement is not confined to plane surfaces, but may take place between any 
two contiguous surfaces, of whatever form. 

Angular movement implies diminution, or increase, of the angle between 
adjoining bones. Two t37pes of angular movement are so common, especially 
in the joints of the limbs, that they must be defined. They occur around axes 
which are set at right angles to each other and are : (1) flexion and its opposite, 
extension, and (2) abduction and its opposite, adduction. 

Flexion occurs around an axis which is transverse or obliquely transverse, 
and usually results in the approximation of two morphologically ventral sur- 
faces. This definition is not entirely satisfactory, for its first part does not hold 
good for the joints of the thumb ; and its second part, in the cases of the 
shoulder, hip and ankle joints. The thumb lies in a plane set at right angles 
to the plane of the fibigers. As a result its dorsal surface is directed laterally, 
and flexion and extension at each of its joints occur around an anteroposterior 
axis. At the shoulder- joint flexion carries the arm forwards and medially, and 
its morphologically ventral surface is brought no nearer to the ventral aspect 
of the trunk. At the hip- joint, owing to the changes which occur in the early 
stages of development (p. 101), flexion approximates the morphologically dorsal 
surface of the thigh to the ventral surface of the trunk. The condition at the 
ankle-joint is complicated by the fact that the foot is set at a right angle to 
the leg. Bending movement at the ankle implies a diminution of the angle 
and is frequently termed flexion. On the other hand it results in the approxi- 
mation of two morphologically dorsal surfaces and might, with an equal amount 
of justiflcation, be termed extension. It will avoid confusion and misunder- 
standing if the self-explanatory terms dorsi-flexion and plantar-flexion are used 
in connexion with the movements at the ankle-joint.* 

Abduction and adduction occur around a more or less anteroposterior axis, 
except in the case of the carpometacarpal joint of the thumb, where, for 
reasons already stated, these movements occur around a transverse axis. The 
terms imply movements from and to the median plane of the body, except in 
the cases of the digits, where the plane of reference is the median plane of the 
middle digit (in the hand) or the second digit (in the foot). 

Circumduction is that form of motion which takes place between the head 
of a bone and its articular cavity, when the bone is made to circumscribe a 
conical space ; the base of the cone is described by the distal end of the bone, 
the apex is in the articular cavity ; this kind of motion is best seen in the 
shoulder- and hip-joints. 

Rotation is a form of movement in which a bone moves round a longitudinal 
axis ; the axis of rotation may lie in a separate bone, as in the case of the pivot 
formed by the odontoid process of the axis, around which the atlas turns ; or 
a bone may rotate around its own longitudinal axis, as in the rotation of the 
humerus at the shoulder- joint ; or the axis of rotation may be not quite parallel 
to the long axis of the bone, as in the movement of the radius on the ulna during 
pronation and supination of the hand, where it is represented by a line con- 
necting the centre of the head of the radius with the centre of the head of the ulna. 

Accessory movements. — The movements which can be performed actively at 
any joint do not necessarily include all the movements which the structure of 
the joint would permit. Certain movements which cannot be performed vol- 
untarily can nevertheless be produced when resistance is encountered to active 
movements (accessory movements, first type), e.g. it is only when some solid 
object, such as a cricket ball, is grasped in the hand, that the fingers can be 
rotated at the metacarpophalangeal joints. Other movements can be produced 
only passively (accessory movements, second type) and their widest range is 
obtained when the muscles acting on the joint are fuUy relaxed, e.g. when the 

* Floxion has also been. deJQned as the position assumed by the joints of the foetus ‘ in 
utero.’ Such a definition would imply that ‘dorsi-flexion* of the ankle-joint is really 
‘ flexion,’ This view is supported by the physiological observation that in reflexes involvmg 
all the joints of the lower limb flexion at the hip- and knee-joints is always associated with 
‘dorsi-flexion’ of the ankle-joint, and extension of the hip- and knee-joints with ‘plantar- 
flexion * of the ankle- j oint. The definitions based on morphological and physiological criteria 
ar<0 contradictory to each other and this emphasises the desirability for the use of the make- 
shift terms suggested in the text. 
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arm is partially abducted at tbe shoulder- joint, the humerus can be drawn away 
from the glenoid cavity. Such movements are commonly termed ‘ passive 
movements but as all movements, whether active or not, can be performed 
passively when the muscles concerned are relaxed, the term accessory moveinents 
will be used to designate aU movements which cannot be performed actively 
in the absence of resistance. 

The possibility of accessory movements implies a certain amount of play 
between the articular surfaces of a joint, and this prevents undue strain or pres- 
sure on those surfaces when the joint is subjected to violent stresses. A con- 
siderable amount of play is permitted in the shoulder- joint, but none in the 
hip-joint. As a result damage of the articular surfaces is very much commoner 
in the latter, and the disease of osteoarthritis, which has its origin in trauma 
of an articular surface, is of much more frequent occurrence in the hip-joint 
than in the shoulder- joint. 

Limitation of movements is effected by a number of different factors, of 
which the tension of ligaments is very important, as can be seen when attempts 
are made to produce hyperextension of the dissected knee or hip-joints. In 
life, however, the tension of the muscles which are antagonistic to the movement 
is equally important, if not more so, for it is open to doubt whether under normal 
conditions the tension of the antagonist muscles ever permits a ligament to 
be put fully on the stretch. The part played by muscles in limiting movement 
is well seen in flexion of the hip- joint. When this movement is performed with 
the knee extended, it is much more limited in range than when it is performed 
with the knee flexed. In the latter case flexion of the knee relaxes the ham- 
string muscles, and this permits the thigh to be flexed until it comes into contact 
with the anterior abdominal wall. The movement is then limited by the 
approximation of the soft parts concerned — a third factor which is present in 
connexion with some other movements, e.g. flexion of the elbow and knee. 

In synovial joints, where the bones concerned are connected by ligaments 
and muscles only, the artipular surfaces are in constant apposition in all positions 
of the joint throughout life. The maintenance of this apposition is assisted 
by atmospheric pressure and the force of cohesion, but these factors are merely 
subsidiary to the influence exerted by the muscles. The balance between the 
normal tonus of the different muscle groups which act on the joint is responsible 
for maintaining the articular surfaces in constant apposition. In this connexion 
it cannot be emphasised too strongly that the stability of any joint depends on 
the tonus of the muscles which act on it. The erect attitude is mamtained by 
the balance between opposing muscle groups, and in the maintenance of this 
and other normal postures the ligaments play no part. 

Nerve supply. — ^Movable joints are innervated by the nerves of supply to the 
muscles which act on them, and it is probable that this arrangement establishes 
local reflex arcs which tend to ensure stability. The part of the articular 
capsule which is rendered taut on the contraction of a given muscle or group of 
muscles is innervated by the nerve or nerves supplying their antagonists. For 
example, the inferior part of the articular capsule of the hip-joint, which is put 
on the stretch in abduction, is supplied by the obturator nerve. Tension of this 
part of the capsule produces a reflex contraction of the adductor muscles which, 
usually, is successful in preventing overstretching or tearing of the ligaments. 

THE MANDIBULAR JOINT 

The bony parts entering into the formation of the mandibular joint are : 
above, the articular eminence and the anterior portion of the articular fossa 
of the temporal bone ; below, the head of the mandible. The articular sur- 
faces are covered "with a variety of white fibrocartilage in which the fibres pre- 
dominate and jbhe cartilage cells are few in number. An articular disc divides 
the joint into an upper and a lower cavity. The ligaments of the joint are the 
following : 

Capsular. Sphenomandibular. 

Temporomandibular. Stylomandibular. 

The capsular ligament is a thin, loose envelope, attached, above, to the 
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articular eminence in front ; to the lips of the squamotympanic fissure behind; 
and between these two attachments, to the circumference of the articular fossa : 
below, to the neck of the mandible. The synovial membrane of the joint lines 
the capsular hgament and is continued over the upper and lower surfaces of 
the articular disc. 

The temporomandibular ligament (fig. 504) is placed on the lateral side of 
the joint and is intimately related to the capsular ligament. It is attached, 
above, to the lateral surface of the zygomatic process of the temporal bone and 
to the tubercle on its root ; below, to the lateral surface and posterior border 
of the neck of the mandible. It is broader above than below, and its fibres 
are directed obhquely downwards and backwards. The ligament is covered 
superficially by the parotid gland. 

The sphenomandibular ligament (fig. 505) is placed on the medial side of the 
joint and is separated from the capsular ligament by a considerable interval. 
It is a flat, thin band which is attached above to the spine of the sphenoid bone, 
and, becoming broader as it descends, is fixed to the lingula of the mandibular 


Fia. 604. — The left mandibular joint. Lateral aspect. 



foramen. Its lateral surface is in relation, above, with the lateral pterygoid 
muscle and the auriculotemporal nerve ; lower down, it is separated from the 
neck of the mandible by the maxillary (internal maxillary) vessels ; still lower, 
the inferior dental (inferior alveolar) vessels and nerve and a lobule of the 
parotid gland lie between it and the ramus of the mandible . Its medial surface is 
in relation, below, with the medial pterygoid muscle, and, above, it is separated 
from the wall of the pharynx by an interval containing fat and some veins of 
the pharyngeal plexus. The upper attachment of the ligament is a secondary 
attachment,* and some of its fibres can be traced through the medial end of the 
petrotympanic'fissure to the primary attachment, viz. the anterior process of 
the malleus. It represents a portion of the cephalic extremity of MeckeFs 
cartilage (p. 99). 

The articular disc (fig. 506) is a thin, oval plate consisting mainly of fibrous 
■ tissue ; it is placed between the condyle of the mandible and the articular fossa, 
and divides the joint into two cavities. Its upper surface is concavooonvex 
from before backwards, to accommodate itself to the form of the articular fossa 
and the articular eminence. Its under surface, in contact with the head of the 
mandible, is concave. Its circumference is connected to the capsular ligament 

* J. Cameron, Journal oj Anatomy and Physiology, vol. xlix. 
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and, in front, to th© tendon of the lateral pterygoid muscle. It is usually 
thickest a little behind its centre, where it occupies the deepest part of the 
articular fossa. 

The stylomandibular ligament (fig. 505) is a specialised band of the deep 
cervical fascia (p. 537), which 

stretches from the apical part Fig. 505. — The left mandibular joint, 

of the styloid process of the Medial aspect, 

temporal bone to the angle and 
posterior border of the ramus 
of the mandible between the 
insertions of the masseter and 
medial pterygoid muscles. It 
separates the parotid from the 
submandibular (submaxillary) 
gland, and from its deep surface 
some fibres of the styloglossus 
take origin. Although classed 
among the ligaments of the 
mandibular joint, it can only 
be considered as accessory to it. 

The nerves of the mandibu- 
lar joint are derived from the 
auriculotemporal and mass- 
eteric branches of the mandibu - 
lar nerve; the from the 

superficial temporal branch of 
the external carotid artery, 
and from the maxillary artery 
(internal maxillary artery). 

Movements. — The mandible may be depressed and elevated, or carried for- 
wards and backwards ; a slight amount of side-to-side movement is also 
permitted. When the mouth is opened the body of the mandible is depressed, 
and the head and articular disc are pulled forwards and downwards on to the 

Fig. 506. — sagittal section through the left mandibular joint. 


Articv^r disc 



Lateral pterygoid muscle Condyloid process 

articular eminence on each side ; at the same time the head rotates on the 
articular disc round a more or less transverse axis. On closure of the mouth the 
reverse actions take place. When the mandible is carried horizontally forwards, 
as in protruding the lower incisor teeth in front of the upper, the disc and the 
head of the mandible glide forwards and downwards on the articular fossa and 
articular eminence on each side. The grinding or chewing movement is pro- 
duced by the head, with its disc, gliding alternately forwards and backwards, 
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on one side, while on the other they move simultaneously in the opposite direc- 
tions ; at the same time the head undergoes a vertical rotation on the disc. On 
one side the head advances and rotates, while on the other it recedes and 
rotates. 

Muscles producing the movements : 

Depression. — Digastric, Mylohyoid, Geniohyoid and Lateral Pterygoid 
(of both sides). 

Elevation. — ^Masseter, Temporal and Medial Pterygoid (of both sides). 

Protrusion . — ^Medial and Lateral Pterygoid (of both sides). 

Retraction . — Temporal (posterior fibres — both sides). 

Lateral movement . — Medial and Lateral Pterygoid (of one side). 

Applied Anatomy . — The mandible can be dislocated in one direction only — viz. forwards. 
When the month is open, the head of the mandible is situated on the articular eminence,’ 
and any sudden violence, or even a sudden muscular spasm, as during a convulsive yawn, 
may displace it forwards into the infratemporal fossa. The displacement may be unilateral 
or bilateral. Reduction is accomplished by depressing the jaw with the thumbs placed on 
the last molar teeth, and at the same time elevating the chin. The downward pressure 
overcomes the spasm of the masseter, temporal, and pterygoid muscles, and elevation of the 
chin throws the head of the mandible backwards ; the above-mentioned muscles then draw 
the head back into its normal position. 

The external auditory meatus and the tympanic cavity lie immediately behind the joint ; 
any force, therefore, applied to the mandible is liable to be attended with damage to these 
parts, or inflammation in the joint may extend to them. On the other hand inflammation 
of the tympanic cavity may involve the articulation and cause its destruction, thus leading 
to ankylosis of the joint. 


THE JOINTS OF THE VERTEBRAL COLUMN 

The vertebrae from the third cervical to the first sacral inclusive are articu- 
lated to one another by : (1) a series of cartilaginous joints between the vertebral 
bodies ; and (2) a series of sjmovial joints between the vertebral arches. 


1. The Joints oe the Veetebeal Bodies 

The cartilaginous joints between the bodies of the vertebrae allow of only 
slight movement between adjoining bones, but when this slight movement 
takes place in a number of consecutive joints the total range of movement is 
considerable. The vertebral bodies are united by anterior and posterior longi- 
tudinal ligaments, and by intervertebral discs of fibrocartilage. 

The anterior longitudinal ligament (fig. 507) is a strong band of fibres which 
extends along the anterior surfaces of the bodies of the vertebrae. It is broader 
below than above, thicker and narrower in the thoracic region than in the cer- 
vical and lumbar regions, and somewhat thicker and narrower opposite the 
bodies of the vertebrae than opposite the intervertebral discs. It is attached, 
above, to the basilar part of the occipital bone, from which it extends to the 
anterior tubercle of the atlas, then to the JBront of the body of the axis and is con- 
tinued down as far as the upper part of the front of the sacrum. It consists of 
longitudinal fibres, which are firmly fixed to the intervertebral discs and to the 
margins of the vertebral bodies, but are loosely attached to the middle parts of 
the bodies. In the latter situation the ligament is thick and fills up the con- 
cavities on the anterior surfaces, and makes the front of the vertebral column 
more even. It is composed of several layers of fibres, of which the most super- 
ficial are the longest and extend between four or five vertebrse. The inter- 
mediate fibres extend between two or three vertebrae, while the deepest reach 
from one vertebra to the next. At the sides of the bodies the ligament consists 
of a few short fibres which connect adjacent vertebrae. 

The posterior longitudinal ligament (figs. 507, 508) is situated within the 
vertebral canal on the posterior surfaces of the bodies of the vertebrae. Above, 
it is attached to the body of the axis, and is thence continued downwards to the 
sacrum ; its upper end is continuous with the membrana teotoria (p. 444). It 
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consists of smooth, glistening fibres, which are attached to the intervertebral 
discs and to the upper and lower margins of the vertebral bodies, but are separ- 
ated from the miMe parts of the bodies by the emerging basivertebral veins, 
and by veins which drain these into the anterior internal vertebral plexuses. 
In the cervical region the ligament is broad and of nearly uniform width, but in 
the thoracic and lumbar regions it presents a denticulated appearance, being 
narrow over the vertebral bodies and broad over the intervertebral discs. It 
consists of superficial layers occupying the interval between three or four 
vertebrse, and deeper layers which extend between adjacent vertebra. 

The intervertebral (fiscs (figs. 507, 508) are interposed between the adjacent 
surfaces of the bodies of the vertebrae, from the axis to the sacrum, and form 


Fig. 507. — median sagittal section througli a portion of the lumbar 
region of the vertebral column. 



the chief bonds of connexion between the vertebrae. Their shape corresponds 
with that of the bodies between which they are placed. Their thickness varies 
in different regions of the column, and in different parts of the same disc ; they 
are thicker in front than behind in the cervical and lumbar regions, and thus 
contribute to the anterior convexities of these parts of the column ; while they 
are of nearly uniform thickness in the thoracic region, the anterior concavity of 
this part of the column being almost entirely due to the shape of the vertebral 
bodies. They are adherent, by their surfaces, to thin layers of hyaline cartilage 
which cover the upper and under surfaces of the bodies of the vertebras. The 
intervertebral discs are closely connected to the anterior and posterior longi- 
tudinal ligaments ; in the thoracic region they are joined laterally, by means 
of the intr a- articular ligaments, to the heads of those ribs which articulate 
with two vertebrm. The intervertebral discs constitute about one-fourth oi 
the length of the vertebral column, exclusive of the first two vertebrae ; but this 
amount is not e(][ually distributed between the various bones, the cervical and 
lumbar portions having, in proportion to their length, a much greater amount 
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than the thoracic region, with the result that these parts possess greater pliancy 
and freedom of movement. 

Structure of the intervertebral discs . — ^Eaoh is composed, at its circumference, of 
of fibrous tissue and fibrocartilage, forming the annulus fibrosus ; and, at its centre, of a 
soft, pulpy, highly elastic substance, of a yellowish colour, which projects considerably 
above the surrounding level when the disc is divided horizontally. This pulpy substance 
(nucleus pulposus), especially well developed in . the lumbar region, contains the remains of 
the notochord. The laminse of the annulus fibrosus are arranged concentrically ; the peri- 
pheral consist of ordinary fibrous tissue, the others of white fibrocartilage. The laminse 
are not quite vertical in their direction, those near the circumference being curved outwards 



and closely approximated ; while those nearest the centre curve in the opposite direction, 
and are somewhat more widely separated. The fibres composing the laminse are directed, 
for the most part, obliquely from above downwards, the fibres of adjacent laminse cross one 
another, like the limbs of the letter X. This laminar arrangement exists in about the outer 
half of each disc. The nucleus pulposus consists of a fine fibrous matrix, containing angular 
cells united to form a reticular structure. 

In the cervical region the cartilaginous joints between the bodies of the 
vertebrae are complicated occasionally by the presence of a small synovial 
cavity on each side between the bevelled lateral part of the under surface of 
the body and the lipped lateral margin of the upper surface of the body below. 
It is this little joint which is enlarged to form the principal joint in the case of 
the articulation between the atlas and the axis. 


- 2. The Joints of the Vertebral Arches 

The joints between the articular processes of the vertebrae belong to the 
plane variety and are enveloped by articular capsules ; the laminae, spines and 
transverse processes are connected by the following ligaments : 

Ligamenta flava. Ligamentum nuchae. 

Supraspinous. Interspinous. 

Intertransverse. 
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The articular capsules are thin and loose, and are attached just beyond the 
margins of the articular facets of adjacent articular processes ; they are longer 
and looser in the cervical than in the thoracic and lumbar regions. 

The ligamenta flava (figs. 507, 509) connect the laminae of adjacent vertebrae, 
and are best seen from the interior of the vertebral canal. Their attachments 
extend from the articular capsules to the regions where the 1fl.TYn‘r>flpi fuse to form 
the spine j here their posterior margins come into contact and are to a certain 
extent united, small intervals being left for the passage of vessels. The liga- 
menta flava consist of yellow elastic tissue, the fibres of which, almost perpen- 
dicular in direction, are attached to the lower part of the anterior surface of the 

Fig. 509. The ligamenta flava of the lumbar region. Anterior aspect. 



lamina above, and to the posterior surface and upper margin of the lamina 
below. The ligaments are thin, but broad and long in the cervical region ; they 
are thicker in the thoracic region, and thickest in the lumbar region.* They 
prevent excessive flexion and, by virtue of their elasticity, they help to control 
the movement, graduating it so that its limit is not reached abruptly. In this 
way they serve to guard against injury of the discs. They also assist in restoring 
the vertebral column to the erect attitude, after it has been flexed. 

The supraspinous ligament (fig. 507) is a strong fibrous cord which connects 
together the apices of the spines from the seventh cervical vertebra to the 
sacrum ; fibrocartilage is developed in the ligament at its points of attachment 
to the tip's of the spines. It is thicker and broader in the lumbar region than 
in the thoracic, and intimately blended in both situations with the neighbouriug 
fascia. The most superficial fibres of this ligament extend over three or four 
vertebrae ; those more deeply seated pass between two or three vertebrae ; . 
while the deepest cormect the spines of neighbouring vertebrae. In front it is 
continuous with the interspinous ligaments. Between the spine of the seventh 
cervical vertebra and the external occipital protuberance its place is taken by the 
ligamentum nuchae. 

The ligamentum nuchae is a fibrous membrane, which, in the neck, is homolo- 
gous with the supraspinous ligament of the thoracic and lumbar vertebrae. It 
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extends from the external protuberance and external occipital crest to the spine 
of the seventh cervical vertebra. From its anterior border a fibrous lamina is 
given ofi, which is attached to the posterior tubercle of the atlas and to the 
spines of the cervica] vertebrae, and forms a septum between the muscles of the 
two sides of the neck. In man it is the representative of an important elastic 
ligament which, in some of the lower animals, controls the movement of flexion 
of the head, functioning in the same way as the ligamenta flava in man. 

The interspinous ligaments (fig. 507), thin and membranous, connect ad- 
joining spines, and their attachments extend from the root to the apex of each 
process. They meet the ligamenta flava in front and the supraspinous liga- 
ment behind, They are narrow and elongated in the thoracic region ; broader, 
thicker, and quadrilateral in form in the lumbar region ; and only slightly 
developed in the neck. 

The intertransverse ligaments are interposed between the transverse pro- 
cesses. In the cervical region they consist of a few, irregular, scattered fibres 
in the thoracic region they are rounded cords intimately connected with the 
deep muscles of the back ; in the lumbar region they are thin and membranous. 

Movements of the vertebral column. — ^The range of movement possible be- 
tween any two adjoining vertebrse is very restricted, and this limitation is to be 
attributed to the presence of the intervertebral disc connecting the vertebral 
bodies. The greater thickness of the discs in the cervical and lumbar regions 
as compared with the thoracic region is associated with the greater individual 
ranges of movement* occurring in those regions. But, although the range of 
movement between any two adjoining vertebrae is small, the summation of 
these movements gives a relatively wide range of movement to the vertebral 
column as a whole. 

The movements permitted in the vertebral column are : flexion or forward 
bending, extension or backward bending, bending to one or other side (usually 
termed lateral flexion), rotation and circumduction. 

In flexion the anterior longitudinal ligament is relaxed and the anterior 
parts of the intervertebral discs are compressed ; while at the limit of the move- 
ment the posterior longitudinal ligament, the ligamenta flava, and the inter- 
spinous and supraspinous ligaments are stretched, as well as the posterior fibres 
of the intervertebral discs. The interspaces between the laminse are widened, 
and the inferior articular processes glide upwards upon the superior articular 
processes of the subjacent vertebrae. It should be remembered, however, that 
tension of the extensor muscles of the back is the most important factor in 
limiting the movement. Flexion is most extensive in the cervical region. 

In extension an exactly opposite disposition of the parts takes place.* This 
movement is limited by the tension of the anterior longitudinal ligament, and 
by the approximation of the spines. It is free in the cervical and lumbar 
regions, but is restricted in the thoracic region. 

In lateral flexion the sides of the intervertebral discs are compressed, the 
extent of motion being limited by the resistance offered by the tension of the 
antagonist muscles and the surrounding ligaments. Lateral movements may 
take place in any part of the column, but are freest in the cervical and lumbar 
regions. 

Circumduction is limited, and is merely a succession of the preceding move- 
ments. 

Rotation is produced by the twisting of. the vertebrae on the intervertebral 
discs ; this, although only slight between any two vertebrae, allows of a con- 
siderable extent of movement when it takes place in the whole length of the 
column, the front of the upper part of the column beiug turned to one or other 
side. This movement occurs to a slight extent in the cervical region, is 
freer in the upper part of the thoracic region, and almost negligible in the lumbar 
region. 

* P. Wiles {Proc. of the Roy. Soc. of Medicine, vol. xxviii. 1936) is of opinion that in full 
extension the axis of movement lies just behind the articular processes and that it move's 
forwards as the column is straightened until, in full flexion, it passes through, approxi- 
mately, the middle of the vertebral body. 
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The extent and variety of the movements are influenced by the shape and 
direction of the articular facets. In the cervical region the upward inclination of 
the superior articular facets allows of free flexion and extension. Extension can 
usually be carried farther than flexion ; at the upper end of the region it is 
checked by the locking of the posterior edges of the superior atlantal facets in the 
condylar fossse of the occipital bone ; at the lower end it is limited by a mechan- 
ism whereby the inferior articular processes of the seventh cervical vertebra slip 
into grooves behind and below the superior articular processes of the first 
thoracic vertebra. Flexion is arrested just beyond the point where the cervical 
convexity is straightened ; the movement is checked by the apposition of the 
projecting lower lips of the bodies of the vertebrse with the shelving surfaces on 
the bodies* of the subjacent vertebrae. Lateral flexion and rotation in the 
cervical region are always combined ; the upward and medial inclinations of the 
superior articular facets impart a rotatory movement during attempts at 
lateral flexion. In the thoracic region, notably in its upper part, all the move- 
ments are limited in order to reduce interference with respiration to a minimum. 
The almost complete absence of an upward inclination of the superior articular 
facets prohibits any marked flexion, while extension is checked by the contact* 
of the inferior articular margins with the laminae, and the contact of the spines 
with one another. Rotation is free in the thoracic region : the superior articular 
processes are segments of a cyhnder whose axis passes through the vertebral 
bodies. The direction of the articular facets would allow of free lateral flexion, 
but this movement is considerably limited in the upper part of the region by the 
resistance of the ribs and sternum. In the lumbar region extension is free and 
wider in range than flexion. The inferior articular facets are not in close 
apposition with the superior facets of the subjacent vertebrae, and on this 
account a considerable amount of lateral flexion is permitted. The amount of 
rotation possible is almost negligible, owing to the arrangement of the articular 
processes. 

Muscles producing the movements. — ^The vertebral column may be moved 
either by muscles attached to it and acting directly on it, or by muscles attached 
to other bones and acting indirectly on the column. 

The principal muscles actively concerned in producing (1) flexion are the 
longus cervicis (longus colli), the scaleni, the sternomastoid, the rectus abdominis 
and the gluteus maximus (which, in the erect attitude, acts on the lumbar region 
through the hip-bone), of both sides in each case ; (2) extension, the sacro- 
spinalis, the splenius capitis and the semispinalis capitis, of both sides in each 
case ; (3) lateral flexion, the longissimus and iliocostocervicahs portions of the 
sacrospinalis, the oblique muscles of the abdominal wall, and the muscles con- 
cerned in flexion, of one side only in each case ; and (4) rotation, the rotatores, 
the multifidus and the splenius cervicis. 


3. The SACBOOOccYaEAii Joint 

This articulation is a cartilaginous joint, between the apex of the sacrum 
and the base of the coccyx, the bones being united by anterior, posterior and 
lateral sacrococcygeal ligaments, and by a disc of fibrocartilage. 

The anterior sacrococcygeal ligament (fig. 540) consists of a few irregular 
fibres which descend from the anterior surface of the sacrum to the front of the 
coccyx. 

The superficial posterior sacrococcygeal ligament is a flat band which arises 
from the margin of the sacral hiatus, and descends to be inserted into the 
posterior surface of the coccyx. This ligament completes the lower part of 
the sacral canal. 

The deep posterior sacrococcygeal ligament extends from the back of the 
fifth sacral vertebra to the back of the coccyx. * 

The intercornual ligaments connect the cornua of the sacrum and coccyx 
on each side. 

A lateral sacrococcygeal ligament exists on each side and connects the 
transverse process of the coccyx to the inferior lateral angle of the sacrum ; 
it completes the foramen for the fifth sacral nerve. 
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A thin disc of fibrocartilage is interposed between the contiguous surfaces 
of the sacrum and coccyx ; it is somewhat thicker in front and behind than 
at the sides. Occasionally the coccyx is freely movable on the sacrum ; in such 
cases an articular capsule lined with synovial membrane is present. 

In the young subject the different segments of the coccyx are connected 
together by the extension downwards of the anterior and posterior sacro- 
coccygeal ligaments, thin annular discs of fibrocartilage being interposed be- 
tween the segments. In the adult male, all the pieces become ossified together 
at a comparatively early period ; but in the female, this does not commonly 
occur until a later period of fife. At a more advanced age the joint between 
the sacrum and coccyx is obliterated. 

Backward and forward movements take place between the sacrum and 
coccyx ; their extent increases during pregnancy. 


4. The Atlanto-Axial Joints 

The articulation of the atlas with the axis is of a complicated nature and 
comprises three synovial joints. Of these one is placed on each side between 
the inferior facet of the lateral mass of the atlas and the superior facet of the axis : 
the other is median in position and is placed between the odontoid process (dens) 
and the anterior arch of the atlas. 


Fig. 510. — The atlanto-occipital and atlanto-axial joints. Anterior aspect. 
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sjjio’rial Joint is shown between the lateral part oi the upper 
the third cervical vertebra and the bevelled, inferior surface of the bo(fy of 
the axis. The joint cavities have been opened. 


The lateral atlanto-axial joints are plane joints, but the articular surfaces 
involved are both slightly convex in their long axes. 

The capsular ligaments are thin and loose ; they surround the joints and are 
lined with S 3 uiovial membrane. Each is strengthened at its posterior and medial 
part by an accessory ligament^ which is attached below to the body of the axis 
near the base of the odontoid process, and above to the lateral mass of the atlas 
near the transverse ligament. 

In front the two vertebrae are connected by a continuation of the anterior 
longitudinal ligament (fig. 510). In this position it is a strong membrane, fixed 
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above to the lower border of the anterior arch of the atlas, and below to the 
front of the body of the axis. It is strengthened in the median plane by a 
roxmded cord which connects the tubercle on the anterior arch of the atlas to 
the body of the axis. 


Fig. 511. — The posterior atlanto- occipital membrane. 



BeMad, the atlas and axis are joined by a broad, thin membrane (fig. 511) 
attached above to the lower border of the posterior arch of the atlas, below 
to the upper edges of the laminae of the axis ; it is m series with the ligamenta 
flava and is pierced near its lateral extremity by the second cervical nerve. 

Fig. 512. — ^Th© atlas vertebra, with the transverse ligament. 

Ante^rior arch Facet for odontoid process 
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The median atlanto-axial joint is a pivot- joint between the odontoid process 

of the axis and the ring formed by the anterior arch and the transverse ligament 

of the atlas ; the articular surfaces are reciprocally curved. 
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Fig. 513. — The atlanto-occipital and atlanto-axial joints, shown from behind 
after removal of the posterior part of the occipital bone and the laminae of the 
upper cervical vertebrae. The atlanto-occipital joint-cavities have been 
opened. 
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Fig. 514. — median sagittal section through the occipital bone and first three 
cervical vertebrae. 
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The capsular ligament is weak and loose and is lined with synovial mem- 
brane. A second synovial cavity is present and lies between the transverse 
ligament of the atlas and the posterior surface of the odontoid process : it is 
often continuous with the joint- cavity of one or other of the atlanto-occipital 
joints. 

The transverse ligament of the atlas (figs. 512-514) is a thick, strong band 
which arches across the ring of the atlas and retains the odontoid process of the 
axis in contact with the anterior arch. It is concave in front, convex behind, 
broader in the middle than at the ends, and firmly attached on each side to a 
small tubercle on the medial surface of the lateral mass of the atlas. The 
median part of the anterior surface is* covered by a thin layer of articular 
cartilage. As the ligament crosses the odontoid process, a small longitudinal 
band is prolonged upwards, and another downwards, from its superficial or 
posterior fibres. The upper band is attached to the upper surface of the basilar 
part of the occipital bone between the apical ligament of the odontoid process 
and the membrana tectoria ; the lower band is attached to the posterior surface 
of the body of the axis ; hence the whole ligament is named the cruciate ligament 
of the atlas. The transverse ligament divides the ring of the atlas into two un- 
equal parts (fig. 512) : of these, the posterior and larger surrounds the spinal 
cord and its membranes and the spinal roots of the accessory nerves ; the 
anterior and smaller contains the odontoid process. The neck of the process is 
constricted where it is embraced posteriorly by the transverse ligament, so that 
this hgament suj05ces to retain the odontoid process in position after aU the 
others have been divided. 

Movements. — ^Movement must occur at aU three joints at the same time, and 
it allows the rotation of the atlas (and with it the skull) upon the axis, the extent 
of rotation being limited by the alar ligaments (p. 444). 

The opposed articular facets of the atlas and axis are both slightly convex 
in their long axes, as already stated. When, therefore, the upper facet glides 
forwards on the lower it also descends. The stretching of the fibres of the 
capsular ligament that would result from this forward movement is diminished 
owing to the contemporaneous descent of their upper attachments, and in this 
way excessive laxity of the capsule is obviated. 

Muscles producing the movements. — ^The principal muscles by which these 
movements are produced are the obliquus capitis inferior, the rectus capitis 
posterior major and the splenius capitis of one side, acting with the sterno- 
mastoid muscle of the other side. 


THE JOINTS OF THE VERTEBRAL COLUMN WITH THE CRANIUM 

The articulation of the vertebral column with the cranium involves not only 
a pair of atlanto-occipital joints and their ligaments, but also a number of liga- 
ments which connect the axis with the occipital bone. 


1. The Atlanto-Occipital Joints 

On each side the atlanto-occipital joint is placed between the superior 
articular facet of the lateral mass of the atlas and the condyle of the occipital 
bone : it is condyloid in type. The articular surfaces are reciprocally curved, 
but do not exactly correspond, as the atlantal facet may be constricted or 
occasionally subdivided into, two, an arrangement which facilitates the lubric- 
ation of the joint. The ligaments connecting the bones are : 

Two capsidar. Anterior and posterior atlanto- 

occipital membranes. 

The capsular ligaments surround the condyles of the occipital bone and the 
superior articular facets of the atlas : they are thin and loose and are lined 
with synovial membrane. Their lateral portions are directed obliquely upwards 
and, medially, and are reinforced by bundles of fibres, which are attached above 
to the jugular processes of the occipital bone, and below to the bases of the 
transverse processes of the atlas. 
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The atlanto-occipital joints frequently communicate with the joint between 
the odontoid process and the transverse ligament of the atlas. 

The anterior atlanto-occipital membrane (fig. 510) is broad, and composed 
of densely woven fibres which pass between the anterior margin of the foramen 
magnum above, and the upper border of the anterior arch of the atlas below • 
laterally it is continuous with the capsular ligaments ; in front, it is strengthened 
in the median plane by the continuation of the anterior longitudinal ligament, a 
strong, rounded cord, which connects the basilar part of the occipital bone to 
the tubercle on the anterior arch of the atlas (fig. 510). 

The posterior atlanto-occipital membrane (fig. 511), broad but thin, is con- 
nected above to the posterior margin of the foramen magnum ; below, to the 
upper border of the posterior arch of the atlas. On each side it arches over 
the groove for the vertebral artery, and with this groove bounds an opening 
for the entrance of the artery and the exit of the first cervical nerve. The 
free border of the membrane, arching over the artery and nerve, is sometimes 
ossified. 

Movements. — The long axes of the two joints are set obliquely and run from 
behind forwards and medially. As a result of this obliquity and of the curva- 
ture of the occipital condyle, the corresponding articular surfaces of the two 
sides are in reality portions of the surface of an ellipsoid, the long axis of which 
is set transversely. The two joints therefore act as one, and movement may 
occur around transverse and anteroposterior axes, but not round a vertical 
axis. The movements permitted therefore are (a) fiexion and extension, which 
give rise to the ordinary forward and backward nodding of the head, and 
(b) slight lateral motion to one or other side. 

Muscles producing the movements : 

Flexion . — ^Longus capitis. Rectus capitis anterior, and Sternomastoid. 

Extension . — Recti capitis posteriores major et minor, Obliquus superior, 
Semispinalis capitis, Splenius capitis, and Trapezius (upper fibres). 

Lateral flexion . — Rectus capitis lateralis, Semispinalis capitis, Splenius 
capitis, Sternomastoid and Trapezius (upper fibres). 


2. The Ligaments connecting the Axis with the Occipital Bone 
Membrana tectoria. Two alar. Apical ligament. 

The membrana tectoria (figs. 513, 514) is situated within the vertebral canal. 
It is a broad, strong band, which covers the odontoid process and its ligaments 
and appears to be a prolongation upwards of the posterior longitudinal hgament 
of the vertebral column. It is fixed below to the posterior surface of the 
body of the axis, and, expanding as it ascends, is attached above to the upper 
surface of the basilar part of the occipital bone, in front of the foramen magnum, 
blending with the cranial dura mater. It covers the posterior aspect of the 
cruciate ligament of the atlas. 

The alar ligaments of the odontoid process (fig. 513) are two strong, rounded 
cords, which arise one on each side of the upper part of the odontoid process, 
and passing obliquely upwards and laterally, are inserted into rough impressions 
on the medial sides of the condyles of the occipital bone. The alar ligaments, 
are relaxed on extension of the head but become taut on fiexion and help to 
limit the movement. They are so disposed that they would render free rotation 
of the head impossible, were it not for the fact that the movement of rotation is 
accompanied by a slight descent of the atlas (p. 443). This descent causes 
sufficient relaxation of the alar ligaments to compensate for the tension brought 
about by rotation. Rotation to the right is eventually checked by the tension 
of those fibres of the right alar ligament which are attached to the odontoid 
process in front of the axis of movement, and by tension of those fibres of the left 
alar ligament which are attached to the process behind the axis of movement. 
Rotation to the left is checked by the opposite fibres on each side. 

The apical ligament of the odontoid process (fig. 514), which extends from the 
tip of the process to the anterior margin of the foramen magnum, lies between 
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the alar ligaments, being intimately blended with the deep portion of the 
anterior atlanto-occipital membrane and with the upper longitudinal band of 
the cruciate ligament of the atlas. It is regarded as a rudimentary inter- 
vertebral disc, and may contain traces of the notochord in its substance. 

It must be remembered that, in addition to the ligaments which unite the 
atlas and axis to the skull, the ligamentum nuchse (p. 437) connects the cervical 
vertebrae with the cranium. 

Applied ATiaiomy . — ^Dislocation of the atlas from the axis, with rupture of the transverse 
ligament of the atlas and consequent injury to the spinal cord, is the mode in which death 
is produced in many cases of execution by hanging. Hanging may however produce a 
fracture through the axis, or a separation through the disc between the axis and the third 
cervical vertebra. Following infective conditions of the pharynx or in its vicinity, the 
cruciate ligament may become softened and occasionally a pathological dislocation of the 
atlas on the axis may result. 


THE COSTOVERTEBRAL JOINTS 

The articulations of the ribs with the vertebral column may be divided into 
two sets, one connecting the heads of the ribs with the bodies of the vertebrae, 
the other uniting the necks and tubercles of the ribs with the transverse processes. 



1. The Joints oe the Heads of the Ribs (fig. 515) 

These articulations constitute a series of plane joints. They are formed by 
the articulation of the heads of the typical ribs with the facets on the contiguous 
margins of the bodies of the thoracic vertebrae, and with the intervertebral 
discs between them. The first, tenth, eleventh, and twelfth ribs each articulate 
with a single vertebra ; in each of the other joints, an intra-articular ligament 
divides the joint cavity into two distinct parts. The ligaments of the joints are : 

Capsular. Radiate. 


Intra-articular . 
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The capsular ligaments connect the heads of the ribs with the circumferences 
of the articular cavities formed by the intervertebral discs and the adjacent 
vertebrae. Some of their upper fibres pass through the intervertebral foramen 
to the back of the intervertebral disc, while the posterior fibres are con- 
tinuous with the inferior costotransverse ligament (ligament of the neck of the 
rib). 

The radiate ligament connects the anterior part of the head of each rib with 
the sides of the bodies of two vertebrae, and the intervertebral disc between 
them. It is attached to the anterior part of the head of the rib, just beyond the 
articular surface. The superior fibres ascend and are connected with the body 
of the vertebra above ; the inferior fibres descend to the body of the vertebra 
below ; the middle fibres, the smallest and least distinct, are horizontal and 
attached to the intervertebral disc. 


Fig. 516. — The costovertebral joints, viewed from above. 



In the articulation of the first rib, the radiate ligament is attached to the 
body of the last cervical vertebra, as well as to that of the first thoracic. In 
the articulations of the tenth, eleventh and twelfth ribs, each of which artic- 
ulates with a single vertebra, the radiate ligament is connected to the vertebra 
with which the rib articulates, and also to the vertebra immediately above it. 

The intra-articular ligament is situated in the interior of the j oint . It consists 
of a short band of fibres, flattened from above downwards, attached laterally 
to the crest separating the two articular facets on the head of the rib, and 
medially to the intervertebral disc ; it divides the joint into two cavities and 
its upper and lower surfaces are covered with synovial membrane. In the joints 
of the first, tenth, eleventh and twelfth ribs, intra-articidar ligaments do not 
exist ; consequently, there is but one cavity in each of these articulations. 
The intra-articular ligament is the homologue of the ligamentum conjugale, 
which is present in some mammals and unites the heads of opposite ribs across 
the back of the intervertebral disc. 


2. The Costotrahsvebse Joints (fig. 516) 

The articular portion of the tubercle of a rib forms a plane joint with the 
transverse process of the vertebra to which it corresponds numerically. In the 
eleventh and twelfth ribs this articulation is wanting. In the upper six (or 
five) joints the articular surfaces are reciprocally curved, but in the lower joints 
the surfaces are flattened (p. 214). 
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The ligaments of the joints are : 

Capsular. Inferior costotransverse. 

Superior costotransverse. Lateral costotransverse. 

The capsular ligament is a thin membrane attached to the circumference of 
the articular surfaces, and Rued mth S3Tiovial membrane. 

The superior (anterior) costotransverse Rgament comprises an anterior and a 
posterior layer. The anterior fibres are attached below to the crest of the neck 
of the rib and pass upwards and laterally to the lower border of the transverse 
process immediately above. Laterally they are continuous with the fibres of 
the posterior intercostal membrane, and they are crossed anteriorly by the 
corresponding intercostal vessels and nerve. The posterior fibres are attached 
to the posterior surface of the neck of the rib and run upwards and medially 
behind the anterior fibres to reach the transverse process immediately above. 
Laterally they are intimately related to the external intercostal muscle. 


Fig. 617. — A section through 
the costotransverse joints 
from the third to the ninth 
inclusive. Contrast the con- 
cave facets on the upper 
with the flattened facets on 
the lower transverse pro- 
cesses. 


The first rib has no superior costotransverse ligament. The neck of the twelfth rib is 
connected to the base of the transverse process of the first lumbar vertebra by a band of 
fibres, named the lumbocostal ligament it is in series 
with the superior costotransverse Rgaments. 

An additional Rgamentous band is usually present, 
although it is somewhat variable in its disposition. It 
is attached to a depression above and medial to the 
tubercle of the rib and, passing medial to the inter- 
transverse ligament, it reaches the back of the inferior 
articular process, often sending a few fibres upwards to 
the base of the transverse process. Through the inter- 
val between this band and the medial border of the 
superior costotransverse ligament, the posterior primary 
ramus of the corresponding thoracic nerve runs back- 
wards with its accompanying vessels. 

The inferior costotransverse Rgament (Rga- 
ment of the neck of the rib) consists of short 
but strong fibres, connecting the rough surface 
on the back ,of the neck of the rib with the 
anterior surface of the adjacent transverse pro- 
cess. A rudimentary Rgament may be present 
at the eleventh and twelfth ribs. 

The lateral costotransverse Rgament (Rga- 
ment of the tubercle of the rib) is a short, thick, 
strong fasciculus, which passes obRquely from 
the apex of the transverse process to the rough 
non-articular portion of the tubercle of the rib. 

The Rgaments attached to the upper ribs ascend 
from the transverse processes ; they are shorter 
and more obRque than those attached to the 
lower ribs, which descend sRghtly. 

Movements. — The heads of the ribs are so 
closely connected to the bodies of the vertebrae by 
the radiate and intra-articular Rgaments that 
only sRght gRding movements of the articular 
surfaces on one another can take place. Similarly, 
the strong Rgaments binding the necks and 
tubercles of the ribs to the transverse processes 
Rmit the movements of the costotransverse joints 
to sRght gRding, the nature of which is determined by the shape and direction 
of the articular surfaces (fig. 517). The articular surfaces on the tubercles of 
the upper six ribs are oval in shape and convex from above downwards ; they 
fit into corresponding concavities on the anterior surfaces of the transverse 
processes, so that upward and downward movements of the tubercles are 
associated with rotation of the rib-neck on its long axis. On the seventh, eighth, 
ninth and tenth ribs the articular surfaces on the tubercles are flat, and 
face obRquely downwards, mediaUy and backwards. The surfaces with 
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which they articulate are placed on the upper aspects of the transverse pro- 
cesses ; when, therefore, the tubercles are drawn up they are at the same time 
carried backwards and medially. The joints of the heads of the ribs and the 
costotransverse joints move simultaneously and in the same directions, the total 
effect being that the neck of the rib moves as if on a single joint, of which the 
two articulations form the ends. In the upper six ribs the neck of the rib moves 
but slightly upwards and downwards ; its chief movement is one of rotation 
round its own long axis, rotation downwards of the front of the neck of the rib 
being associated with depression, rotation upwards with elevation of the anterior 
end of the rib and its costal cartilage. In the seventh, eighth, ninth and tenth 
ribs the neck of the rib moves upwards, backwards and medially, or downwards, 
forwards and laterally, with resultant increase or diminution of the infrastemal 
angle ; very slight rotation accompanies these movements. 

Muscles producing the movements. — ^These are discussed with the mechanism 
of respiration (p. 558). 


THE STERNOCOSTAL JOINTS (fig. 518) 

The cartilages of the true ribs, with the exception of the first, articulate 
with the sternum by synovial joints. The cartilage of the first rib is directly 
united with the sternum, and the joint between this rib and the sternum is 
a primary cartilaginous joint. 

The ligaments of the synovial joints are ; 

Capsular. Intra-articular. 

Sternocostal. « Costoxiphoid. 

The capsular ligaments surround the joints between the sternum and the 
cartilages of the ribs from the second to the seventh inclusive. They are very 
thin, intimately blended with the sternocostal ligaments, and strengthened at 
the upper and lower parts of the articulations by a few fibres which connect the 
cartilages to the side of the sternum. 

The sternocostal ligaments are broad, thin, membranous bands which radiate 
from the front and back of the sternal ends of the cartilages of the true ribs to 
the anterior and posterior surfaces of the sternum. Their superficial fibres 
intermingle with the fibres of the ligaments above and below them, with those 
of the opposite side, and on the front of the sternum with the tendinous fibres 
of origin of the pectoralis major, forming a thick fibrous membrane which 
envelops the bone, and is more distinct at its lower part than at its upper part. 

The intra-articular ligaments are constantly present only between the second 
costal cartilages and the sternum. The cartilage of the second rib is connected 
with the sternum by means of an intra-articular ligament, attached laterally 
to the cartilage of the rib, and medially to the fibrocartilage which unites the 
manubrium and body of the sternum. Occasionally the cartilage of the third 
rib is connected with the first and second pieces of the body of the sternum by 
an intra-articular hgament. Still more rarely, similar ligaments are found in 
the other four joints of the series. In the lower two an intra-articular hgament 
sometimes obhterates the joint- cavity, so as to convert the articulation into a 
syndesmosis. After middle life the articular surfaces lose their poHsh, become 
roughened, and the synovial membrane apparently disappears. In old age, 
the cartilages of most of the ribs become continuous with the sternum, and the 
joint cavities are consequently obhterated. 

The costoxiphoid ligaments connect the anterior and posterior surfaces of 
the seventh costal cartilage, and sometimes lihose of the sixth, to the front and 
back of the xiphoid process. They vary in length and breadth in different 
subjects ; those on the back of the joint are less distinct than those in front. 

Movements. — Slight gliding movements are permitted in the sternocostal 
joints. 


The Intebohokdeal Joints (fig. 518) 

The contiguous borders of the sixth and seventh, the seventh and eighth, 
and the eighth and ninth, costal cartilages articulate with each other by small 



THE STERNAL JOINTS 


449 


smooth, oblong facets. Each articulation is enclosed in a tliin capsular ligament, 
lined with synovial membrane and strengthened laterally and medially by inter- 
chondral ligaments, which pass from one cartilage to the other. Sometimes the 
fifth costal cartilages, more rarely the ninth, articulate by their lower borders 
with the adjoining cartilages by small, oval facets ; more frequently the con- 
nexion is by a few ligamentous fibres 

The CosTocaaoNBRAii Joints 

The lateral end of each costal cartilage is received into a depression in the 
sternal end of the rib, and the two are enveloped by the periosteum. 

Fig. 518. — The sternocostal and interehondral joints. Viewed from in front. 



The Sternal Joints 

The manubriostemal joint. — In the majority of cases the joint between the 
manubrium and the body of the sternum is cartilaginous in character, the bony 
surfaces being coated with hyaline cartilage and connected by a disc of fibro- 

G.A. 
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cartilage, which occasionally becomes ossified in advanced life. In rather 
more than thirty per cent, of subjects the central part of the disc undergoes 
absorption and the joint is converted into a synovial one. The two seg- 
ments of the bone are also connected by the fibrous membrane which envelops 
the bone. 

The xiphistemal joint. — The joint between the xiphoid process and the body 
of the sternum is also a secondary cartilaginous joint, but it is usually converted 
into a synostosis by the fifteenth year. 


The Mechanism of the Thorax 

Each rib possesses its own range and variety of movements, but the move- 
ments of all are combined in the respiratory excursions of the thorax. Each 
rib may be regarded as a lever, the fulcrum of which is situated immediately 
outside the costotransverse articulation, so that when the shaft of the rib is 
elevated the neck is depressed, and vice versa ; from the disproportion in length 
of the arms of the lever a slight movement at the vertebral end of the rib is 
greatly magnified at the anterior extremity. 

The anterior ends of the ribs lie on a lower plane than the posterior ; and, 
therefore, when the shaft of the rib is elevated, the anterior extremity is also 

thrust forwards. Again, the middle 
of the shaft of the rib lies in a 
plane below that passing through 
the two extremities, so that when 
the shaft is elevated relatively to 
its ends it is at the same time 
carried outwards from the median 
plane ; further, each rib forms the 
segment of a curve which is greater 
than that of the rib immediately 
above. Therefore the elevation of 
a rib increases the transverse dia- 
meter of the thorax in the plane 
to which it is raised. The modifi- 
cations of the rib movements at 
their vertebral ends have already 
been described (p. 447). Fuither 
modifications result from the attach- 
ments of their anterior extremities, 
and it is convenient therefore to 
consider separately the movements 
of the ribs of the three groups — 
vertebrosternal, vertebrochondral, 
and vertebral. 

Vertebrosternal ribs (fig. 519). — 
The first rib differs from the 
others of this group in that its 
attachment to the sternum is a 
rigid one ; this is counter-balanced 
to some extent by the fact that its head possesses no intra-articular ligament, 
and is therefore more movable. The first pair of ribs with the manubrium 
stemi move as a single piece, the anterior portions being elevated by rotatory 
movements at the vertebral extremities. In normal quiet respiration the 
movement of this arc is practically nil ; when it does occur the anterior part 
is raised and carried forwards, increasing the anteroposterior diameter of 
''this region of the chest. The movement of the second rib is also slight in normal 
respiration, as its anterior extremity is fixed to the manubrium, and therefore 
prevented from moving upwards. The sternocostal articulation, however, 
allows the middle of the shaft of the rib to be drawn up, and in this way the 
transverse thoracic diameter is increased. Elevation of the third, fourth, fibfth, 
and sixth ribs raises and thrusts forwards their anterior extremities, the greater 


Fig. 519. — diagram showing the axis 
of movement (ab and on) of a verte- 
brosternal rib. The interrupted lines 
indicate the position of the rib in 
inspiration. 
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part of the movement being effected by the rotation of the rib-neck backwards. 
The thrust of the anterior extremities carries forwards and upwards the body 
of the sternum, which moves on the joint between it and the manubrium, and 
thus the anteroposterior thoracic diameter is increased. This movement, 
however, is soon arrested, and the elevating force is then expended in 
raising the middle part of the shaft of the rib and everting its lower border ; 
at the same time the costochondral angle is opened out. By these latter 
movements a considerable increase in the transverse diameter of the thorax 
is effected. 

Vertebrochondral ribs (fig. 520). — ^The seventh rib is included with this group, 
as it conforms more closely to their type. While the movements of these ribs 
assist in enlarging the thorax for respiratory purposes, they are also concerned 
in increasing the upper abdominal space for viscera displaced by the action of 
the diaphragm. The costal cartilages articulate with one another, so that each 
pushes up that above it, the final thrust being directed to pushing forwards 


Fig. 520. — diagram sKowing the axes of movement (ab) of a vertebrochon- 
dral rib. The interrupted lines indicate the position of the rib in 
inspiration. 



and upwards the lower end of the body of the sternum. The amount of elevation 
of the anterior extremities is limited on account of the very slight rotation of 
the rib-neck. Elevation of the shaft is accompanied by an outward and back- 
ward movement ; the outward movement everts the anterior end of the rib 
and opens up the infracostal angle, while the backward movement pulls back 
the anterior extremity and counteracts the forward thrust due to its (elevation ; 
this latter is most noticeable in the lower ribs, which are the shortest. The 
total result is a considerable iucrease in the transverse and a diminution in the 
median anteroposterior diameter of the upper part of the abdomen; at the 
same time, however, the lateral anteroposterior diameters of the abdomen are 
increased. 

Vertebral ribs , — Since these ribs have free anterior extremities and only 
costocentral articulations with no intra-articular ligaments, they are capable of 
slight movements in all directions. When the other ribs are elevated these are 
depressed and fixed to form points of action for the diaphragm. 

Muscles producing the movements, — ^These are discussed with the mechanism 
of respiration (p. 558). 
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THE JOINTS OF THE UPPER LIMB 
I. THE STERNOCLAVieULAR JOINT (fig. 521) 

The stemoclavicTilar articulation is a double plane joint, the joint- cavity 
being subdivided by an articular disc. The parts entering into its formation 
are the sternal end of the clavicle, the clavicular notch of the manubrium 
sterni, and the cartilage of the first rib. The articular surface of the clavicle 
is much larger than that of the sternum, and is covered with a layer of 
fibrocartilage which is considerably thicker than that on the sternum. It is 
convex in its vertical diameter, and slightly concave anteroposteriorly. The 
clavicular notch of the sternum is reciprocally curved, but the two surfaces are 
not perfectly congruent and the incongruence is compensated for by the 
articular disc. In actual fact the joint functions rather as a ball-and-socket 
joint than as a saddle- joint. The ligaments of this joint are : 

Capsular. Interclavicular. 

Anterior sternoclavicular. Costoclavicular. 

Posterior sternoclavicular. 

The capsular ligament surrounds the articulation ; in front and behind, it 
is of considerable thickness, but above, and especially below, it is thin and 
partakes more of the character of areolar tissue than of true fibrous tissue. 


Fig. 621, — The sternoclavicular joints ; viewed from in front. 



The anterior sternoclavicular ligament is a broad band, covering the anterior 
surface of the joint ; it is attached above to the upper and front part of 
the sternal end of the clavicle, and, passing obliquely downwards and medially, 
is attached below to the front of the upper part of the manubrium stemi. 

The posterior sternoclavicular ligament is a weaker band which covers the 
posterior aspect of the joint. It is attached to the posterior aspect of the sternal 
end of the clavicle and passes obhquely downwards and medially to be attached 
to the back of the upper part of the manubrium sterni. 

The interclavicular ligament is continuous above with the deep cervical 
fascia ; it passes from the upper part of the sternal end of one clavicle to that 
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of the other, but gives some fibres to the upper margin of the manubrium 
sterni. 

The costoclavicular ligament is short, flat, strong, and rhomboid in form. 
Attached below to the upper surface of the cartilage of the first rib, it is fixed 
above to the impression on the under surface of the medial end of the clavicle. 
The anterior fibres are directed upwards, backwards and laterally, the posterior 
fibres upwards, backwards and medially (fig. 521). 

The articular disc is flat and nearly circular, and is interposed between the 
articulating surfaces of the sternum and clavicle. It is attached, above, to the 
upper and posterior border of the articular surface of the clavicle ; below, to 
the cartilage of the first rib, near its jimction with the sternum ; and by the 
rest of its circumference to the capsular ligament. It is thicker at the circum- 
ference — especially at its upper and posterior part — ^than at the centre, and 
divides the joint into two cavities ; each of its surfaces is clothed with synovial 
membrane. 

The arteries supplying the joint are derived from the internal mammary 
and suprascapular (transverse scapular) arteries ; the nerveSy from the medial 
(anterior) supraclavicular nerves and the nerve to the subclavius muscle. 

Applied Anatomy . — The strength of this joint depends upon its ligaments, and especially 
on the articular disc. It is owing to these, and to the fact that the force of the blow is 
usually transmitted along the long axis of the clavicle, that dislocation rarely occurs, and 
that the clavicle is broken rather than displaced. Dislocation may be either forwards, 
backwards or upwards. Should the clavicle be displaced backwards it may cause pressure 
on the trachea and great vessels of the neck. Owing to the shape of the articular surfaces, 
and the fact that the strength of the joint mainly depends upon the ligaments, the displace- 
ment when reduced is very liable to recur. 

The joint is the fulcrum for the leverage exerted by the trapezius on the clavicle in 
elevation of the shoulder. If the joint is unstable, as the result of a dislocation, the effective- 
ness of the muscle is appreciably diminished. 


II. THE ACROMIOCLAVICULAR JOINT 


The acromioclavicular articulation (fig. 525) is a plane joiat between the 
acromial end of the clavicle and the medial margin of the acromion of the 
scapula. The articular surface of the acromial end of the clavicle is covered 
with fibrocartilage, and forms a narrow, oval area, which is directed downwards 
and laterally so as to overlap the corresponding area on the medial border of the 
acromion. The long axis of the joint lies in an anteroposterior plane. Its 
ligaments are : 


Capsular. 

Acromioclavicular. 


Coracoclavicular 




Trapezoid part. 
Conoid part. 


The capsular ligament completely surrounds the articular margins, and is 
strengthened above by the acromioclavicular ligament. 

The acromioclavicular ligament is a quadrilateral band, covering the superior 
part of the joint, and extending between the upper part of the acromial end 
of the clavicle and the adjoining part of the upper surface of the acromion ; 
it is composed of parallel fibres, which interlace with the aponeuroses of the 
trapezius and deltoid muscles. 

An articular disc is found sometimes in this joint ; when present, it generally 
occupies the upper part of the articulation, and only partially separates the 
articular surfaces. More rarely, it divides the joint completely into two cavities. ‘ 

The coracoclavicular ligament (fig. 522) connects the clavicle with the 
coracoid process of the scapula. It does not properly belong to the acromio- 
clavicular joint, but is usually described with it since it forms a most efficient 
means of preventing the clavicle from losing contact wdth the acromion. It 
consists of two parts, viz. trapezoid and conoid, which are usually separated by 
a bursa. 

The trapezoid part, which forms the anterior and lateral fasciculus, is broad, 
thin, and quadrilateral. It is attached, below, to the upper surface of the 
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coracoid process ; above, to the trapezoid line on the under surface of the 
clavicle. Its anterior border is free ; its posterior is joined with the conoid 
part, the two forming, by their junction, an angle projecting backwards. 

The conoid part, which forms the posterior and medial fasciculus, is a dense 
band of fibres, conical in form, with its base directed upwards. Its apex is 
attached to a rough impression at the junction of the root with the horizontal 
portion of the coracoid process, medial to the trapezoid part ; its base is fixed 
to the conoid tubercle on the under surface of the clavicle, and to a line pro- 
ceeding medially from it for 1 *25 cm. 

The arteries supplying the joint are derived from the suprascapular (trans- 
verse scapular) and acromiothoracic arteries ; the nerve is a branch of the supra- 
scapular nerve. 


Fio. 622. — -The right shoulder-joint. Anterior aspect. 
Trapezoid jpart of coracoclavicular lig. 
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Movements of the shoulder girdle. — ^The movements which occur at the 
sternoclavicular and acromioclavicular joints are always associated with 
movements of the scapula, and movements of the scapula are usually, though 
not mvariably, associated with movements of the humerus at the shoulder 
joint. The movements of the scapula and clavicle per se are of academic 
interest only, but they are of great practical importance when they are con- 
sidered from the point of view of their relation to the movements of the humerus. 
The student, therefore, is advised to keep this in mind when reading the 
following paragraphs, and, on their conclusion, he should turn to the paragraphs 
dealing with the movements, at the shoulder- joint itself (p. 459). 

The acromioclavicular joint allows the acromion to glide forwards and back- 
wards, and to rotate upwards -and downwards on the clavicle, but the range 
of these scapular movements is greatly increased by associated movements which 
occur at the sternoclavicular joint at the same tirne. The analysis of all these 
movements can be effected by a study of the movements of the scapula. 

The following movements of the scapula are permitted : (1) elevation and 
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depression ; (2) forward and backward movement round the chest wall ; 
(3) rotation forwards (or upwards) and rotation backwards (or downwards). 

(1) Elevation or depression of the scapula, e.g. shrugging of the shoulders, 
does not necessarily imply any corresponding movement at the shoulder-joint. 
(a) During elevation only a slight degree of angular movement occurs at the 
acromioclavicular joint, but the sternal end of the clavicle moves downwards 
over the surface of the articular disc. This movement at the sternoclavicular 
joint is checked by tension of the antagonist muscles, the costoclavicular liga- 
ment and the lower part of the capsule. It is brought about by the trapezius 
{upper fibres) and the levator scapulce, and, as these muscles tend to rotate the 
scapula in opposite directions, a pure upward movement is effected. 

(b) In the reverse movement a little angular movement occurs at the acromio- 
clavicular joint, but at the sternoclavicular joint the clavicle rides upwards on 
the disc, and this movement is checked by tension of the antagonist muscles, 
and by the iaterclavicular and sternoclavicular ligaments and the articular disc. 
In extreme depression of the point of the shoulder, such as may occur when a 
heavy weight is carried on it, the sternal end of the clavicle may be supported 
by the first rib. As a rule this movement is carried out with the help of the 
force of gravity, but it can be performed actively by the serratus anterior {lower 
fibres) and the pectoralis minor. 

(2) {a) Forward movement of the scapula round the chest wall occurs in all 
forward pushing, thrusting and punching movements, and it is usually accom- 
panied by some degree of forward rotation. The acromion moves forwards 
over the clavicular facet to the limit of its range of movement, and at the same 
time the point of the shoulder is advanced further by a forward movement of 
the lateral end of the clavicle. This forward movement is associated with a 
backward movement of the sternal end of the bone, which moves backwards 
over the sternal facet, carrying the articular disc with it. Tension of the 
antagonist muscles, of the posterior sternoclavicular ligament and of the 
posterior fibres of the costoclavicular ligament checks this backward movement. 
The serratus anterior and the pectoralis minor are the prime movers, and this 
combination ensures the continuous apposition of the medial border of the 
scapula with the chest waU. In addition, the strap ” effect of the upper 
fibres of the latissimus dorsi keeps the inferior angle in close contact with the 
ribs, both in this movement and in forward rotation. 

(6) In backward movement of the scapula, such as occurs when the shoulders are 
braced back, the reverse movements take place and they are checked at the sterno- 
clavicular j oint by tension of the anterior sternoclavicular ligament and of the ant- 
erior fibres of the costoclavicular ligament. When it is carried out actively or 
against resistance, the trapezius and the rhomboid mtiscles are the prime movers. 

It may be noted here that when force is applied at the extremity of the 
outstretched arm, e.g. by a fall on the hand, the pressure transmitted to the 
glenoid cavity tends to drive the sloping acromial facet below the. acromial 
end of the clavicle, but at the same time it causes tension of the trapezoid 
ligament, which serves to resist the displacement. 

(3) (a) Forward rotation of the scapula serves to increase the range of move- 
ment of the humerus, by turning the bone so that the glenoid cavity faces 
almost directly upwards — ^the position which it assumes when the arm is raised 
above the head. This movement is always associated with some degree of 
elevation of the humerus and is accompanied by some forward movement of 
the scapula round the chest wall. The acromial facet rotates upwards on the 
clavicle and at the same time the point of the shoulder is raised. The rotation 
results in tension of the conoid ligament at a relatively early stage and thereafter 
the clavicular attachment of the ligament appears to serve as the centre around 
which the subsequent movement takes place. Thus throughout the greater 
part of the movement the conoid ligament is kept taut and it helps to bring 
about the upward rotation of the clavicle which usually occurs in the last stage. 
This rotatory movement of the clavicle is very small in extent and is checked 
by the tension of the articular disc, the sternoclavicular capsule and the 
costoclavicular ligament. 

In this important movement the trapezius and the serratus anterior are the 
prime movers. 
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(6) The opposite rotation is usually effected under the influence of gravity, 
and the gradual relaxation of the trapezius and serratus anterior is sufficient to 
bring it about. When it is performed actively, the levator scapulce, the rhom- 
boids, and, in the initial stages at least, the pectoralis minor are the prime movers 
so far as the scapula is concerned. 

In all the movements of the scapula the subclavius muscle serves to steady 
the clavicle by drawing it medially and downwards. 

Attention should be drawn to the fact that in the movements of the scapula, 
muscles which are antagonists for one type of movement may nevertheless 
combine together and act as prime movers for another. Thus the serratus ant- 
erior and the trapezius are opposed in forward and backward movements round 
the chest wall, but combine together as prime movers for forward rotation. 

THE LIGAMENTS OF THE SCAPULA 

The ligaments of the scapula (flg. 522) are the coraco-acromial, the supra- 
scapular (superior transverse), and the spinoglenoid (inferior transverse). 

The coraco-acromial ligament is a strong triangular band, extending between 
the coracoid process and the acromion. Its apex is attached to the edge of the 
acromion just in front of the articular surface for the clavicle ; and its base 
to the whole length of the lateral border of the coracoid process. This ligament, 
together with the coracoid process and the acromion, forms an arch for the 
protection of the head of the humerus. It sometimes consists of two strong 
marginal bands and a thinner intervening portion. 

When the pectoralis minor is inserted, as it is occasionally, into the capsule 
of the shoulder-joint instead of into the coracoid process, the tendon of the 
muscle passes between the two bands of the coraco-acromial ligament. 

The suprascapular (superior transverse) ligament converts the suprascapular 
notch into a foramen, and is sometimes ossified. It is a thin and flat fasciculus, 
narrower at the middle than at the extremities, which are attached to the 
base of the coracoid process and the medial end of the suprascapular notch 
respectively. The suprascapular nerve runs through the foramen ; the supra- 
scapular (transverse scapular) vessels cross over the ligament. 

The spinoglenoid (inferior transverse) ligament is a weak, membranous band, 
stretching from the lateral border of the spine of the scaprda to the margin of 
the glenoid cavity. It forms an arch under which the suprascapular nerve and 
vessels enter the infraspinous fossa. It is frequently absent. 


III. THE SHOULDER-JOINT 

The shoulder- joint (figs. 522 to 527) is a ball-and-socket joint. The bones 
entering into its formation are the hemispherical head of the humerus and the 
shallow glenoid cavity of the scapula, a construction which permits of very 
considerable movement but seriously affects the stability of the joint. Struct- 
urally the shoulder- joint is weak, since, for such strength as it possesses, it is 
dependent on the support given by the muscles which surround it and not on its 
bony conformation or the presence of any strong ligaments. It is, however, 
protected above by an arch, formed by the coracoid process, the acromion and 
the coraco-acromial ligament. 

The articular surfaces are reciprocally curved, but as the head of the humerus 
is much larger than the glenoid cavity only a portion of it can be in contact with 
the cavity in any given position of the joint. The glenoid cavity is deepened 
somewhat by a fibrocartilaginous rim attached to its margins and termed the 
glenoidal labrum. Both articular surfaces are covered with a layer of hyaline 
cartilage ; that on the head of the humerus is thickest at its centre and thinner 
peripherally, while the reverse is the case in the glenoid cavity. 

The ligaments of the articulation are : 

Capsular. The glenoidal labrum. 

Coracohumeral. Transverse humeral. 

The capsular ligament (figs. 522, 523) envelops the joint, and is attached, 
medially, to the circumference of the glenoid cavity beyond the glenoidal 
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labrum ; above^ it encroaches on to the root of the coracoid process so as to 
include the origin of the long head of the biceps within the joint. Laterally it 
is attached to the anatomical neck of the humerus, except on the medial side 
where it descends fcfir rather more than 1 cm. on to the shaft of the bone. It is 
so remarkably loose and lax that the bones may be separated from each other 
for a distance of 2 or 3 cm., an evident provision for the great freedom of move- 
ment which is permitted at this articulation. It should he noted, however, 
that this separation can he effected only after the superior part of the ligament 
has heen relaxed by the Tnovernent of abduction. The capsular ligament is 
strengthened, above, by the supraspinatus ; below, by the long head of the 
triceps ; behind, by the tendons of the infraspinatus and teres minor ; and in 
front, by the tendon of the subscapularis. The tendons of the subscapularis, 


Fig. 523, — section through the shoulder joint. The synovial membrane is shown in blue. 
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supraspinatus, infraspinatus, and teres minor are all more or less completely 
blended with the capsular ligament, and this arrangement increases the value 
of the support which they supply. The relationship of the long head of the 
triceps is not so intimate, for it is separated from the inferior part of the capsule 
by the circumflex (axillary) nerve and the posterior circumflex humeral vessels 
as they pass backwards on leaving the axflla (fig. 526). It is the inferior part 
of the capsule, therefore, which is least supported, and it is just this part which 
is subjected to the greatest strain, because it is stretched tightly across the rounded 
head of the humerus when the arm is abducted. 

There are usually two, occasionally three, openings in the capsule. One, 
situated anteriorly, below the coracoid process, establishes a communication 
between the joint and a bursa behind the tendon of the subscapularis ; another, 
placed between the tuberosities of the humerus, gives passage to the long 
tendon of the biceps and its synovial sheath ; the third, which is not constant, 
is at the posterior part, between the joint and a bursal sac under the tendon of 
the infraspinatus. 

Three supplemental bands (fig. 625), which are named the glenohumeral ligaments, 
strengthen the capsule. These are best seen by opening the posterior part of the capsule 
of the joint and removing the head of the humerus. At their scapular ends they are all 
attached to the upper part of the medial margin of the glenoid cavity and are intimately 
connected with the glenoidal labrum. The superior band passes along the medial edge 

G.A. P 2 
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of the tendon of biceps and is attached to a small depression above the lesser tuberosity of 
the humerus ; the middle band reaches to the lower part of the lesser tuberosity ; the in- 
ferior band extends to the lower part of the anatomical neck of the humerus. In addition 
to these, the capsule is strengthened in front by two bands, one derived from the tendon 
of the pectoralis major, the other from the tendon of the teres major. 

The synovial membrane is reflected from the margin of the glenoid cavity over 
the glenoidal labrum ; it is then continued over the inner surface of the capsular 
ligament, and covers the lower part and sides of the anatomical neck of the 
humerus as far as the articular cartilage on the head of the bone. The tendon of 
the long head of the biceps passes through the joint and is enclosed in a tubular 
sheath of synovial membrane, which is reflected upon it from the summit of 


524, — The synovial cavity of the right shoulder- joint (distended). Anterior 
aspect. (From a specimen prepared by J. C. B. Grant.) 
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the glenoid cavity and is continued round the tendon into the bicipital 
groove (intertuberoular sulcus) as far as the surgical neck of the humerus 
(figs. 523, 524). 

The coracohumeral ligament (fig. 522) is a broad band which strengthens 
the upper part of the capsule. It is attached to the lateral border of the root of 
the coracoid process, and passes obliquely downwards and laterally to the front 
of the greater tuberosity of the humerus, blending with the tendon of the supra- 
spinatus. The posterior and lower border of the ligament is united to the capsular 
ligament ; its anterior and upper border is free, and overlaps the capsular 
ligament. 

The transverse humeral ligament (fig. 524) is a broad band passing from the 
lesser to the greater tuberosity of the humerus ; it converts the bicipital groove 
(intertubercular sulcus) into a canal, and its attachment is always limited to that 
portion of the bone which lies above the epiphyseal Hne. Although it is 
continuous above with the capsular ligament, the transverse humeral ligament 
functions simply as a retinaculum for the tendon of the long head of the biceps 
muscle and plays no other part in the movements of the joint. 

The glenoidal labrum (figs. 525, 526) is a fibrocartilaginous run attached 
round the margin of the glenoid cavity. It is triangular on section, the base 
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being fixed to the circumference of the cavity, while the free edge is thin and 
sharp. It is continuous above with the tendon of the long head of the biceps, 
which gives off two fasciculi to blend with the fibrous tissue of the labrum. It 
deepens the articular cavity, and protects the edges of the bone. Its attach- 
ment to the margin of the glenoid cavity is sometimes deficient in parts ; the 
deficiency occurs most commonly at the notch on the upper part of the antero- 
medial margin, and a small fringe of the synovial membrane occasionally 
protrudes through the gap. 

' Bursse. — The bursse in the neighbourhood of the shoulder- joint are the 
following : (1) one is constantly found between the tendon of the subscapularis 
and the joint- capsule (fig. 526) : it communicates with the joint cavity through 
an opening which is situated between the superior and the middle glenohumeral 


Fig, 625. — Interior of shoulder- joint. Viewed from the lateral side. 
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ligaments ; (2) one is sometimes found between the tendon of the infraspinatus 
and the capsule ; it occasionally opens into the joint ; (3) a large one, named the 
subacromial bursa (fig. 526), exists between the deltoid and the capsule ; it does 
not communicate with the joint, but is prolonged imder the acromion and 
coraco-acromial ligament, and intervenes between these structures and the 
supraspinatus, which covers the upper part of the capsule ; (4) a large one is 
situated on the summit of the acromion ; (5) one is frequently found between 
the coracoid process and the capsule ; (6) one sometimes exists behind the 
coracobrachiahs ; (7) one lies between the teres major and the long head of 
the. triceps ; (8) one is placed in front of, and another behind, the tendon of 
the latissimus dorsi. 

The muscles in relation with the joint are, above, the supraspinatus ; below, 
the long head of the triceps ; in front, the subscapularis ; behind, the infra- 
spinatus and teres minor ; within, the tendon of the long head of the biceps. 
The deltoid covers the joint in front, behind and laterally (fig. 526). 

The arteries supplying the joint are derived from the anterior and posterior 
circumflex humeral, and suprascapular (transverse scapular) arteries ; the 
nerves, from the circumflex (axillary) and suprascapular nerves. 

Movements. — The shoulder is a ball-and-socket joint, and therefore is capable 
of flexion, extension, abduction, adduction, circumduction and rotation. The 
laxity of its capsular ligament and the large size of the head of the humerus 
compared with that of the shallow glenoid cavity give to the shoulder a wider 
range of movement than is possible at any other joint*. 
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When the movements at the shoulder-joint are being analysed, the humerus 
should be considered in its relationship to the scapula and not in its relationship 
to the sagittal and coronal planes of the trunk. When the arm is by the side 
in the resting position, the glenoid cavity faces almost equally forwards and 
laterally, and the position of the humerus corresponds to that of the scapula, 
although relative to the trunk it appears to be rotated medially (p. 346). As 
a result flexion carries the arm forwards and medially across the front of the 
chest, and the movement takes place around an axis which passes through 
the head of the humerus at right angles to the plane of the glenoid cavity at 


Tig. 526. — Structures in relation with the shoulder- joint. 
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(approximately) its centre. Abduction and adduction occur in a plane at right 
angles to the plane of flexion and extension, and the axis passes through the head 
of the humerus parallel to the plane of the glenoid cavity.* Abduction therefore 
carries the arm forwards and laterally away from the trunk, and the movement 
occurs in the flUme of the body of the scapula. At the shoulder- joint itself the 
movements of flexion and abduction are limited to approximately 90° ; when 
the arm is raised vertically above the head the additional (approximately) 
90° are obtained by forward rotation of the scapula (p. 455). In flexion, 

* Many writers prefer to consider flexion and extension as occurring in a paramedian 
plane, and abduction and adduction as occurring in a coronal plane, i.e. they prefer to 
regard the movements as being relative to the trunk and not to the scapula. The reader 
is warned that, if he prefers to accept these definitions, he must regard the deltoid and supraspinatus 
muscles as producing a combination of flexion and abduction, for working as a combination they 
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however, the humerus moves in a plane at right angles to the plane of the body 
of the scapula, and no amount of rotation of the scapula can increase the degree 
of elevation (90°) obtained in full flexion. If the fully flexed humerus is 
gradually abducted, the degree of elevation increases pro rata, until, when the 
humerus comes to lie in the plane of the body of the scapula, i.e. when the 
position of pure abduction is reached, the full 180° of elevation is obtained. 
In rotation, which may be medial or lateral, the humerus revolves for about 
one-quarter of a circle about its own long axis. The range of rotatory move- 
ment is greatest when the arm is by the side, and least when it is raised to the 
vertical. In circumduction, which results from a succession of the foregoing 


Fig. 527. — The posterior aspect of the left shoulder- joint. 
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An oblique saw-cut has been made through the spine of the scapula and the acromion has been 
removed. Portions of the infraspinatus and teres minor muscles have been excised and their 
tendons have been turned forwards. 


movements, the lower end of the humerus describes the base of a cone, the apex 
of which is at the head of the bone, but this, movement at the shoulder- joint 
can be increased very substantially by the movements of the scapula, and 
the combination is well exemplified in the arm movements of a fast bowler in 
cricket. 

do not raise the arm in a coronal plane. When, the humeriis is raised to the vertical from a 
position of flexion (in this sense), it undergoes a process of medial rotation, for which the 
deltoid (anterior flbres), the subscapularis and, probably, the supraspinat^s are responsible. 
In the same way when the humerus is raised to the vertical from the position of abduction 
(in this sense), it undergoes a process of lateral rotation. In both cases the effect of the 
rotation is to bring the humerus into the same position relative to the scapula as it occupies 
when the arm is raised to the vertical in the plane of the body of the scapula, i.e. the move- 
ment described in the text as true abduction. When the arm is elevated in a natural 
way from the side, the humerus moves throughout in the plane of the body of the scapula 
and undergoes no appreciable rotation. (C. P. Martin, British J ournal of Surgery, vol. xx, 
1932, and T. B. Johnston, British Journal of Surgery, vol. xxv. 1937.) 
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When the arm is raised above the head, the movement of the humerus and 
the movements of the scapula and clavicle (p. 454) are combined and occur 
simultaneously, so that while the humerus is being raised relative to the 
scapula, the scapula itself is being rotated. in a forward direction * 

The peculiar relation of the tendon of the long head of the biceps to the 
shoulder- joint appears to subserve various purposes. By its connexion with 
both the shoulder and elbow the muscle harmonises the action of the two 
joints, and acts as an elastic ligament during all the movements which occur 
at these articulations. It strengthens the upper part of the shoulder-joint, and 
prevents the head of the humerus from being pressed up against the acromion 
when the deltoid contracts ; it thus fixes the head of the humerus as the centre 
of motion in the glenoid cavity. By its passage along the bicipital groove 
(intertubercular sulcus) it assists in steadying the head of the humerus in the 
various movements of the arm. 

Owing to the shallowness of the glenoid cavity and the laxity of the capsule, 
a wide range of accessory rmvements (p. 431) is possible at the shoulder- joint. 
The head of the humerus can be moved backwards, forwards, upwards and 
downwards in relation to the glenoid cavity and, when the arm is abducted — 
the position in which the accessory movements are most free — ^it can be separated 
from it by traction. 

Muscles producing the movements. — ^The muscles moving the shoulder may 
be divided into : {a) those acting on the shoulder-girdle and (6) those acting 
on the shoulder-joint. 

(а) Muscles acting on the shoulder-girdle. — ^These muscles have already 
been considered in connexion with the movements of the shoulder-girdle 
(p. 455). 

(б) Muscles acting on the shoulder-joint. 

In flexion, the pectoralis major {clavicular head) (p. 586), the deltoid {anterior 
fibres) and the coracobrachialis are the principal muscles concerned, but they 
are assisted by the biceps and the subscapularis, and the sternocostal head of the 
pectoralis major plays an important part when the arm is drawn forwards to 
the plane of the trunk from the fully extended position. 

In extension, the deltoid {'posterior fibres) and the teres major are the principal 
muscles concerned when the movement starts with the arm by the side, but, 
when the fully flexed arm is extended against resistance, the latissimus dorsi, 
the infraspinatus, the teres minor, the long head of triceps, and the sternocostal 
head of the pectoralis major are powerful adjuvants until the arm reaches the 
plane of the body. 

In abduction, the movement is probably initiated by the supraspinatus 
and is then carried on by the deltoid, which is capable of maintaining the position 
of abduction against very great resistance. 

In adduction the pectoralis major and the latissimus dorsi are the principal 
muscles concerned, but the teres major, the coracobrachialis and, to a lesser 
extent, the subscapularis, the infraspinatus, the teres minor, the biceps and 
the triceps (long head) all participate. 

Medial rotation is brought about by the pectoralis 'major, the deltoid {anterior 
fibres), the latissimus dorsi, the teres major and the subscapularis. 

Lateral rotation is brought about by the infraspinatus, the teres minor and 
the deltoid {posterior fibres). 

Applied Arwtkmy . — Owing to the construction of the shoulder- joint and the wide range 
of movement which it enjoys, as weU as in consequence of its exposed situation, it is more 
frequently dislocated than any other joint. Dislocation occurs when the arm is abducted. 
In that position the head of the humerus presses against the lower and front part of the 
capsule, which is the thinnest and least supported part of the ligament. The rent in the 
capsule almost invariably takes place in this situation, and through it the head of the bone 
escapes, so that the dislocation in most instances is primarily subglenoid. If, after the dis- 
location has been reduced, abduction of the arm is prevented, the dislocation cannot 
recur. 

* C. W. Cathcart, Journal of Anatomy and Physiology, vol. xviii., and R. D. Lockhart, 
Journal of Anatomy, 'voi.hdY. 



463 


THE ELBOW-JOINT 

When the shoulder- joint is ankylosed, the loss of movement in the joint is partly com- 
pensated for by increased mobility of the scapula. In treating conditions of the shoulder- 
joint likely to lead to ankylosis, the humerus should be kept in the position it assumes when 
the palm of the hand is placed on the back of the neck, i.e. abducted, and slightly rotated 
laterally so as to make full use of this compensating mobility of the scapula. 


IV. THE ELBOW-JOINT 

The elbow- joiat mcludes two articulations : (1) humero-uVnar, between the 
trochlea of the humerus and the trochlear notch (semilunar notch) of the ulna, 
and (2) humeroradial^ between the capitulum of the humerus and the facet on 
the head of the radius. The joint-cavity and the articular capsule of the elbow- 
joint are continuous with the corresponding parts of the superior radio-ulnar 
joint, and these articulations are sometimes grouped together as the cubital 
articulation. 

The articular surfaces concerned are the trochlea and capitulum of the 
humerus, on the one hand, and the trochlear notch of the ulna and the head of 
the radius, on the other. The trochlea is not a simple pulley, for its medial 
flange is much more extensive than its lateral flange and projects downwards 
to a lower level, so that the transverse axis of the joint, which lies below the 
level of the epicondyles, passes from the lateral side downwards and medially. 
In addition, the trochlea is widest where it covers the posterior aspect of the 
bone and in this position its lateral edge forms a salient ridge. The trochlear 
notch is by no means perfectly congruent with the trochlea. In full extension 
the medial part of its upper (olecranon) half is not in contact with the trochlea, 
and a corresponding strip on the lateral side loses contact on flexion. The 
olecranon and coronoid parts of the trochlear notch are usually separated 
by a narrow, roughened strip of bone, devoid of articular cartilage and 
covered with a little fibro-fatty tissue lined with synovial membrane. The 
capitulum and the head of the radius are reciprocally curved, but the best 
contact is obtained when the semiflexed radius is in the midprone posi- 
tion. The rim of the head fits into the groove between the capitulum and 
the trochlea. 

The humero-ulnar and humeroradial articulations together form a gingly- 
mus or hinge- joint, the ligaments of which are : 

Capsular. Anterior. Medial. 

Posterior. Lateral. 

The capsular ligament (figs. 530 to 532). — The anterior part of the capsular 
ligament is a broad and thin fibrous layer, and constitutes the anterior ligament 
of the elbow-joint. It is attached, above, to the front of the medial epicondyle 
and to the front of the humerus immediately above the coronoid and radial 
fossae ; below, to the anterior surface of the coronoid process of the ulna and to 
the fl.TTnn1fl.r ligament (p. 468), being continuous at the sides with the medial and 
lateral ligaments . Its superficial fibres pass obliquely from the medial epicondyle 
of the humerus to the annular ligament. The middle fibres, vertical in direction, 
pass from the upper part of the coronoid depression and become partly blended 
with the preceding, but are inserted mainly into the anterior surface of the 
coronoid process. The deep or transverse set intersects these at right angles. 
Anteriorly the ligament is in relation vnth the brachialis and receives numerous 
fibres from its deep surface. 

The posterior part of the capsular ligament is thin and membranous, and 
consists of transverse and oblique fibres, which constitute the posterior ligament 
of the elbow- joint. Above, it is attached to the humerus immediately behind 
the capitulum and close to the medial margin of the trochlea, to the margins of 
the olecranon fossa, and to the back of the lateral epicondyle some little distance 
from the trochlea. Below, it is fixed to the upper and lateral margins of the 
olecranon, to the posterior part of the annular ligament, and to the ulna behind 
the radial notch. It is in relation, behind, with the tendon of the triceps and 
the anconeus muscle. 
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The synovial membrane (figs. 528 to 530) is very extensive. It extends from 
the margin of the articular surface of the humerus, and lines the coronoid, 
radial and olecranon fossae on that bone and covers the flattened medial surface 
of the trochlea (fig. 407) ; it is reflected over the deep surface of the capsular 
ligament and lines the deep surface of the annular ligament. Projecting into 
the joint-cavity between the radius and ulna from behind there is a crescentic 
fold of the synovial membrane, suggesting the division of the joint into two : 


Fig. 628 . — The synovial cavity of the 
left elbow- joint (distended). Anterior 
aspect. (From a specimen prepared 
by J. C. B. Grant.) 



Fig. 529. — The synovial cavity of the 
left elbow- joint (distended). Posterior 
aspect of the specimen represented in 
fig. 528. 



one the humeroradial, the other the humero-ulnar. This fold is irregularly 
triangular in outhne and contains a variable quantity of extrasynovial fat. 

Between the capsular ligament and the synovial membrane there are three 
other pads of fat. The largest, over the olecranon fossa, is pressed into the fossa 
by the triceps during flexion of the joint ; the second, over the coronoid fossa, 
and the third, over the radial fossa, are pressed by the brachialis into their 
respective fossae during extension. In addition, smaller tags of fat covered with 
synovial membrane project into the joint- cavity opposite to the constrictions 
on each side of the trochlear notch (p. 355), and cover the small non-articular 
areas of the bone in these situations. 

The medial ligament of the elbow-joint (ulnar collateral ligament) (fig. 531) is 
a thick triangular band consisting of two portions, an anterior and a posterior, 
united by a thinner intermediate portion. The anterior portion is attached 
above, by its apex, to the front part of the^medial epicbndyle of the humerus ; 
and below, by its broad base, to a tubercle on the upper part of the medial 
margin of the coronoid process. The posterior portion, also of triangular form, 
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is attached,^ above, to the lower and back part of the medial epicondyle ; below, 
to the medial margin of the olecranon. Between these two bands a few inter- 
mediate fibres descend from the medial epicondyle to an oblique head— often 
feebly developed, which, stretches between the olecranon and coronoid pro- 
cesses. This band converts the depression on the medial margin of the trochlear 
(semilunar) notch into a foramen, through which the intracapsular pad of 
fat is continuous with the extracapsular fat on the medial side of the 
joint. The medial ligament is in relation with the triceps and flexor carpi 


Fig. 530. — sagittal section through the left elbow-joint. The synovial 
membrane is shown in bins. 



ulnaris and the ulnar nerve. Along its anterior portion the origin of the 
flexor digitorum subhmis extends from the medial epicondyle of the humerus 
downwards and laterally to the medial border of the coronoid process of 
the ulna. 

The lateral ligament of the elbow-joint (radial collateral ligament) (flg. 532) 
is attached, above, to the lower part of the lateral epicondyle of the humerus, 
and below to the annular ligament, some of its most posterior fibres passing over 
that ligament to be inserted into the lateral margin of the ulna. It is intimately 
blended with the origins of the supinator and the extensor carpi radialis brevis. 

The muscles in relation with the joint are, in front, the brachialis ; behind, 
the triceps and anconeus ; laterally, the supinator, and the common tendon of 
origin of the extensor muscles ; medially, the common tendon of origin of the 
flexor muscles, and the flexor carpi ulnaris. 

The arteries of supply are derived from the anastomotic network around the 
joint (p. 748). 

The nerves of the joint consist of a twig from the ulnar nerve ; one from 
the branch of the musculocutaneous nerve to the brachialis ; one from the 
radial nerve ; and two from the median nerve. * 
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Movements. — The elbow is a hinge- joint and therefore its movements con- 
sist of flexion and extension, the ulna moving on the trochlea, and the head of 
the radius on the capitulum of the humerus ; as the part of the capitulum which 
covers the inferior surface of the lower end of the humerus is smaller than the 
head of the radius, the posterior edge of the head of the radius can be felt 
projecting at the back of the joint when the forearm is fully extended. The 
movement of extension is limited by the tension of the ligaments and muscles 
on the front of the joint ; that of flexion chiefly by the tension of the structures 
on the back of the joint. 

When the forearm is fully extended and the hand supinated, the upper arm 
and forearm are not in the same line ; the forearm is directed somewhat later- 
ally, and forms with the upper arm an angle of about 167® in the female and 
173® in the male. This ‘ carrying angle ’ is caused partly by the medial edge 


Fig. 533. — Transverse section of the right elbow-joint, viewed from above, 
to show the relations of the joint. 
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of the trochlea of the humerus, which projects about 6 mm. below the lateral 
edge,* and partly by the obliquity of the superior articular surface of the coron- 
oid process, which is not set at right angles to the shaft of the ulna. The angles 
which the articular surfaces of the humerus and the ulna make with the long 
axes of the bones are approximately equal, and as a result the carryirig angle 
disappears on fuU flexion of the forearm and the two bones come to He in the 
same plane. When this movement is carried out with the arm by the side, the 
ulnar border of the Httle finger lies over the clavicle on account of the position 
of the resting humerus (p. 346). If the humerus is rotated laterally during the 
movement, the hand is carried upwards in front of the shoulder. The carrying 
angle is masked also in pronation of the extended forearm, and this has the 
effect of bringing the upper arm, the semipronated forearm and the hand into 
the same straight line. This arrangement increases the precision with which the 
hand, and any instrument or weapon held in the hand, can be controlled in fuU 
extension of the elbow or while the elbow is being extended. 

* Consult articles by H. Percy Potter (Jowmal of Anatomy and Physiology, 'vol. xix. 
p. 488), and A. Ralph Thompson {Journal of Anatomy, voj. Iviii. p. 368). 
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The accessory momments of the elbow joint are very limited in range and 
are restricted to abduction and adduction of the ulna, and forward and back- 
ward movement of the head of the radius on the capitulum of the humerus. 
In the latter movement, the head of the radius is moved on the radial notch of 
the ulna also, the annular ligament being slewed backwards and forwards at 
the same time. The extent of this movement is greatest when the elbow-joint 
is half-flexed. . 


V. THE BADIO-ULNAR JOINTS 

The radius and the ulna are connected at their upper and lower extremities 
by synovial joints, termed the superior and inferior radio-ulnar joints. In 
addition, the shafts of the bones are connected by an interosseous membrane 
and a ligament, which together constitute a middle radio-ulnar union. 


1. The Superior Radio-ulnar Joint 

This articulation forms a pivot- joint between the circumference of the head 
of the radius and the osseofibrous ring formed by the radial notch of the ulna 
and the annular ligament. 

Fig. 534. — The annular ligament of the left radius. Superior aspect. The head 
of the radius has been sawn off and the bone dislodged from the ligament. 
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The annular ligament (figs. 532, 533, 534) is a strong band which encircles the 
head of the radius, and retains it in contact with the radial notch of the ulna. 
It forms about four-fifths of the osseofibrous ring and is attached to the anterior 
and posterior margins of the radial notch ; a few of its lower fibres are continued 
round below the notch and form at this level a complete fibrous ring. Its upper 
border blends with the lateral, anterior and posterior ligaments of the elbow- 
joint, while from its lower border a thin loose membrane passes to be attached 
to the neck of the radius. A few fibres extend from the inferior border of 
the radial notch to the neck of the radius, covering the sjmovial membrane which 
closes the distal aspect of the joint. They constitute the quadrate ligament. 
The superficial surface of the annular ligament is strengthened by the lateral 
ligament of the elbow, and affords origin to part of the supinator. It is related 
posteriorly to the anconeus arid the posterior interosseous recurrent artery. On 
its inner surface the annular ligament is provided with a thin coating of cartilage 
where it comes into contact with the circumference of the head of the radius ; its 
lower part is lined with synovial membrane which is reflected upwards on to the 
neck of the bone. . * 
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2. The Middle Radio-tonab Union 

The shafts of the radius and ulna are connected by the oblique cord and 
the interosseous membrane of the forearm. 

The oblique cord (fig. 531) is a small, fiattened band, extending from the 
lateral side of the tuberosity of the ulna to the radius a little below the radial 
tuberosity. Its fibres run at right angles to those of the interosseous membrane. 
It is sometimes wanting. 

The interosseous membrane of the forearm is a broad and thin sheet, the 
fibres of which slant obliquely downwards and medially from the interosseous 
boj’der of the radius to that of the ulna ; the lower part of the membrane is 
attached to the posterior of the two lines into which the interosseous border of 
the radius divides. Two or three bands are occasionally found on the posterior 
surface of this membrane ; their fibres descend obliquely from the ulna towards 
the radius, i.e. at right angles to the other fibres. The membrane is deficient 
above, commencing about 2 or 3 cm. below the tuberosity of the radius ; is 
broader in the middle than at either end ; and presents an oval aperture a little 
above its lower margin, for the passage of the anterior interosseous vessels to the 
ba(}k of the forearm. Between its upper border and the oblique cord there is a 
ga]), through which the posterior interosseous vessels pass. The membrane 
connects the bones, and increases the extent of surface for the attachment of the 
deep muscles of the forearm. It also transmits to the ulna and thence to the 
humerus any force acting upwards through the hand and radius. It is relaxed 
in complete pronation or supination, and is tense when the hand is midway 
between the prone and supine positions. In front the membrane is in relation, 
in its upper three-fourths, with the fiexor poUicis longus on the radial side, with 
the flexor digitorum profundus on the ulnar side and between these muscles 
with the anterior interosseous vessels and. nerve ; in its lower one-fourth with 
the pronator quadratus ; behind, with the supinator, abductor poUicis longus, 
extensor polHcis brevis, extensor poUicis longus, extensor indicis ; and, near 
the wrist, with the anterior interosseous artery and posterior interosseous nerve. 


3. The Ineebioe Radio-xjlnar Joint 

This is a pivot- joint formed between the head of the ulna and the ulnar 
notch of the lower end of the radius ; the surfaces are enclosed in a capsular 
ligament and held together by an articular disc. 

The capsular ligament is shghtly thickened in front and behind ; above it 
is lax, and, lined with the synovial membrane, projects upwards as a pouch 
(recessus sacciformis) in front of the lower part of the interosseous membrane. 

The articular disc (fig. 537), triangular in shape, binds the lower ends of the 
ulna and radius together. Its periphery is thicker than its centre, which is 
occasionaUy perforated. It is attached by its apex to a depression between the 
styloid process and the inferior surface of the head of the ulna ; and by its base, 
winch is thin, to the prominent edge which separates the ulnar notch from the 
carpal articular surface of the radius. Its margins are united to the ligaments of 
the wrist-joint. Its upper surface, smooth and concave, articulates with the 
head of the ulna. Its lower surface, also smooth and concave, forms a part of 
the radiocarpal joint and articulates with the medial part of the lunate bone ; 
when the hand is adducted, it articulates with the triquetral bone. Each of its 
surfaces is clothed with synovial membrane : the upper, with that of the 
inferior radio-ulnar articulation ; the lower, with that of the radiocarpal joint. 

Movements. — The movements which take place at the radio-ulnar joints 
result in pronation and supination of the hand. In pronation the radius, carry- 
ing the hand with it, is carried obliquely across the front of the ulna, its upper 
end being lateral, and its lower end medial, to that bone. If the forearm is 
semiflexed when this movement occurs, the palm of the hand faces downwards 
and slightly medially ; if the forearm is extended, the palm faces backwards 
and slightly medially. In supination the movement is reversed, the radius lies 
lateral to and parallel with the ulna, and the palm faces upwards — forwards if 
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the forearm is extended. When the humerus is fixed and the movement is 
limited to the radio-ulnar joints, the hand can be turned through an angle of 
160°-170°, but under normal conditions the range of the movement is very 
greatly increased by rotation of the humerus. The power of supination is 
greater than that of pronation, and thus. aU screw-driving instruments are made 
to be used in this movement. 

The axis on which these movements take place is represented by a line 
drawn through the centre of the head of the radius above, and through the 
ulnar attachment of the articular disc below. The head of the radius rotates 
within the ring formed by the annular ligament and the radial notch of the 
ulna, while the lower end and the articular disc revolve on the head of the ulna. 
The lower end of the ulna is not stationary during these movements. It moves 
backwards and laterally during pronation, and forwards and medially during 
supination, but the range of the movement is very small and is due to the 
incongruence of the trochlea and trochlear notch, already noted (p. 463). It 
does not involve any true rotation of the ulna. 

Accmory movements. — ^In addition to the backward and forward movement 
of the head of the radius on the radial notch of the ulna (p. 468), the head of 
the ulna can be moved backwards and forwards on the ulnar notch of the radius. 

Muscles producing the movements. — ^These muscles may be grouped as (a) 
those acting on the elbow-joint, and (b) those acting on the radio-ulnar joints. 

(а) Muscles acting on the elbow-joint : 

In flexion, the brachialis, biceps and brachioradialis are the prime movers, 
but, owing to the position of its attachments, the brachioradialis acts to best 
advantage when the forearm is in the midprone position. When resistance is 
encountered additional help is given by the pronator teres and the radial ex- 
tensors of the wrist. 

Extension is performed by the triceps and anconeus. 

(б) Muscles acting on the radio-ulnar joints: 

In pronation, the pronator teres a,nd pronator quadratus are the prime movers, 
but, in order to overcome resistance, the palmaris longus and the flexor carpi 
radialis may be called into play, and the brachioradialis is capable of assisting 
from the position of full supination to the midprone position. 

In supination, the supinator is the principal agent, but biceps is a powerful 
factor when the elbow is flexed, and the brachioradialis, from the fuUy prone 
to the midprone position, and the extensors of the thumb are capable of parti- 
cipating in the movement. 

Applied Ancdomy , — ^Dislocations backwards and abduction dislocations are the com- 
monest forms of dislocation at the elbow-joint. Owing to the shapes of the bones, dis- 
location backwards is often complicated by fracture of the coronoid process ; and, owing 
to the strength of the collateral ligaments, the medial epicondyle is frequently tom away 
in abduction dislocations. Dislocation of the elbow-joint is common in children. In lesions 
of this joint it is often difficult to ascertain the exact nature of the injury except by a;-ray 
examination. 

The elbow- joint is occasionally the seat of acute synovitis. The joint- cavity then 
becomes distended with fluid, the bulging showing itself principally around the olecranon, 
in consequence of the laxness of the articular capsule. Again, there is often some swelling, 
just above the head of the radius, in the line of the humeroradial joint, or the whole elbow 
may assume a fusiform appearance. 

Dislocation of the head of the radius alone is a not uncommon accident, and occurs 
most frequently in young persons from falls on the hand when the forearm is extended 
and supinated, the head of the bone being displaced forward. It is attended by rupture 
of the annular ligament. Occasionally a peculiar injury, which is supposed to be a sub- 
luxation, occurs in young children. It is believed that the head of the radius is displaced 
downwards in the annular ligament, the upper border of which becomes folded over the 
head of the radius, between it and the capitulum of the humerus ; the small size of the 
head of the radius in the child predisposes to this injury. The forearm becomes fixed in 
a position of semiflexion, midway between supination and pronation, and great pain is 
complained of when any attempt is made to move the joint. 




together a transversely elliptical, concave surface — ^the receiving cavity. The 
proximal articular surfaces of the scaphoid, lunate, and triquetral bones form 
a smooth convex surface, which is received into the concavity. The joint is 
surrounded by an articular capsule. The synovial membrane is usually ^stinct 
from that of the inferior radio-ulnar joint and from that of the carpal joints ; 
the capsular ligament is strengthened by the following ligaments : 

Anterior and posterior radiocarpal. Medial and lateral. 

The anterior radiocarpal ligament (fig. 535) is a broad membranous band, 
attached above to the anterior margin of the lower end of the radius, to its 
styloid process, and to the front of the lower end of the ulna ; its fibres pass 
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downwards and medially to be attached to the anterior surfaces of the scaphoid, 
lunate, and triquetral bones, some being continued to the capitate bone. In 
addition to this broad membrane, there is a rounded fasciculus, superficial to 
the rest, which reaches from the base of the styloid process of the ulna to the 
lunate and triquetral bones. The ligament is perforated by apertures for the 
passage of vessels, and is in relation, in front, with the tendons of the flexor 
digitorum profundus and flexor poUicis longus ; behind, it is closely adherent 
to the anterior border of the articular disc of the inferior radio-ulnar articulation. 

The posterior radiocarpal ligament (fig. 536), thinner and weaker than the 
anterior, is attached, above, to the posterior border of the distal end of the 
radius ; its fibres are directed obliquely downwards and medially, and are fixed, 

Fig. 636 . — The ligaments of the left wrist. Posterior aspect. 



below, to the posterior surfaces of the scaphoid, lunate, and triquetral bones, 
being continuous with those of the dorsal intercarpal ligaments. It is in re- 
lation, behind, with the extensor tendons of the wrist and fingers, their synovial 
sheaths and the posterior interosseous nerve ; in front, it is blended with the 
articular disc of the inferior radio-ulnar articulation. 

The medial (ulnar collateral) ligament of the wrist- joint (figs. fi35, 536) is 
attached to the end of the styloid process of the ulna ; it divides into two 
fasciculi, one of which is fixed to the medial side of the triquetral bone, the 
other to the pisiform bone. 

The lateral (radial collateral) ligament of the wrist- joint (figs. 535, 536) 
extends from the tip of the styloid process of the radius to* the radial side of 
the scaphoid bone, some of its fibres being prolonged to the trapezium (greater 
multangular bone). It is in relation with the radial artery, which separates the 
ligament from the tendons of the abductor poUicis longus and extensor pollicis 
brevis. 

The arteries supplying the joint are. the anterior interosseous, the anterior 
and posterior carpal branches of the radial and ulnar, the palmar and dorsal 
metacarpals, and some recurrent branches from the deep palmar arch. The 
nerves are derived from the anterior and posterior interosseous nerves. 

Movements. — ^The active movements which can be carried out at this joint 
are flexion, extension, abduction, adduction, and circumduction. Flexion and 
extension are the most free, and of these a greater amount of extension than of 
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flexion is permitted, and in consequence the articulating surfaces extend farther 
on the posterior than on the anterior surfaces of the carpal bones. In this move- 
ment the carpal bones rotate on a transverse axis drawn between the tips of the 
styloid processes of the radius and ulna. The movements of flexion and exten- 
sion are limited chiefly by the tension of the antagonistic muscles, and it is onlv 
when the joint is subjected to violent movement that the anterior or posterior 
Kgament is fully stretched. In this connexion it should be noted that the range 
of flexion is perceptibly diminished when the fingers are flexed, owing to in- 
creased tension of the extensor muscles. Adduction or ulnar deviation, and 
abduction or radial deviation are also permitted. The former is considerably 
greater in extent than the latter, and this fact may be associated with the short- 
ness of the styloid process of the ulna. The movements are limited by the 
tension of the antagonistic muscles, and in addition by the lateral and medial 
ligaments of the joint respectively. In this movement the carpus revolves upon 
an anteroposterior axis drawn through the centre of the wrist. Finally, circum- 
duction is permitted by the combined and consecutive movements of adduction, 
extension, abduction and flexion. The effect of rotation is obtained by the 
pronation and supination of the radius on the ulna. 

The accessory movements which can be carried out at the wrist- joint are 
relatively free and are more so in flexion than in extension. The carpus can 
be moved bodily backwards and forwards on the radius and ulna, and it can be 
rotated to a considerable extent. A little side to side movement can also be ob- 
tained. 

Muscles producing the movements : 

In flexion, the flexor carpi radialiSy flexor carpi ulnaris and palmaris longus 
are the principal agents, but the flexores digitorum sublimis et profundus and 
the flexor poUicis longus are capable of giving assistance. 

In extension, the extensores carpi radialis longus et brevis, and extensor carpi 
ulnaris are the chief muscles concerned, but the extensors of the fingers and 
thumb are all capable of helping. 

In adduction, the flexor carpi ulnaris acts in association with the extensor 
carpi ulnaris, and in abduction the jfteojor carpi radialis acts in association wdth 
the extensores carpi radialis longus et brevis, the abductor poUicis longus and the 
extensor poUicis brevis. As a result of these combinations the movements can 
be carried out without the simultaneous occurrence of flexion or extension. 


VII. THE INTERCAEPAL JOINTS 

The inter carpal joints connect the carpal bones to one another and may be 
subdivided into : (1) joints between the bones of the proximal row of the 
carpus ; (2) joints between the bones of the distal row ; and (3) a somewhat 
complicated and extensive joint between the two rows. Only a very slight 
degree of gliding movement is allowed between contiguous bones in the same 
row, and these joints are all of the plane variety, but a somewhat wider range of 
movement is allowed at the joint between the two rows, which, in its medial 
part at least, approaches nearer to the condyloid variety than to the plane 
variety of joint. 

1. The Joints of the Proximaii Row of Carpal Bones 

The scaphoid, lunate and triquetral bones are connected by dorsal, palmar 
and interosseous ligaments. 

The dorsal and palmar ligaments are placed transversely between the bones 
of the first row ; they connect the scaphoid bone to the lunate and the lunate 
bone to the triquetral. The palmar ligaments are weaker than the dorsal. 

The interosseous ligaments (fig. 637) are two narrow bundles, one connecting 
the lunate and scaphoid bones, the other the lunate and triquetral bones. 
They are on a level with the proximal surfaces of these bones, and form part 
of the convex articular surface of the radiocarpal joint. 

The pisiform bone articulates with the palmar surface of the triquetral bone, 
and the ligaments of the joint are : a capsular, a pisohamate and a piso- 
metacarpal ligament. 
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The capsular ligament is thin, and surrounds the joint ; its synovial mem- 
brane is distinct from that of the other carpal joints. 

The pisohamate ligament connects the pisiform to the hook of the hamate 
bone, and the pisometacarpal ligament joins the pisiform to the base of the 
fifth metacarpal bone (fig. 535). Both ligaments are continuous with the ten- 
don of insertion of the flexor carpi ulnaris. 

2. The Joihts of the Distal Row of Cahpal Bones 

The bones of the distal row of the carpus are connected by the dorsal, palmar 
and interosseous ligaments. 

The dorsal and palmar ligaments extend transversely from one bone to 

Fig. 537. — coronal section through the joints at the right wrist, 
showing the s 3 movial cavities. 
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another ; one of each connects the trapezium and trapezoid (greater and lesser 
multangular) bones, a second the trapezoid bone and the capitate, and a third 
the capitate bone and the hamate. 

The three interosseous ligaments are much thicker than those of the proximal 
row ; one unites the capitate bone and the hamate, a second the capitate bone 
and the trapezoid, and a third the trapezium and trapezoid. The first is the 
strongest ; the third is sometimes wanting. 

3. The Joints of the Two Rows of Carpal Bones with each other 

The joint between the scaphoid, lunate and triquetral bones on the one 
hand, and the second row of carpal bones on the other, is named the mid-carpal 
joint, and is .made up of two portions : on the medial side the head of the 
capitate bone and the hamate bone articulate with the concavity formed by the 
scaphoid, lunate and triquetral bones, and constitute a modified condyloid 
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joint ; on the lateral side the trapezium and trapezoid articulate with the 
scaphoid bone and constitute a modified plane joint. 

The ligaments are : dorsal, palmar, medial and lateral. 

The dorsal and palmar ligaments consist of short, irregular bundles passing 
between the bones of the first and second rows. On the palmar surface the fibres 
radiating from the head of the capitate bone to the surrounding bones are 
sometimes termed the ligamentum carpi radiatum. 

The lateral and medial ligaments are very short : the one is placed on the 
radial, the other on the ulnar side of the carpus : the former, the stronger and 
more distinct, connects the scaphoid bone and the trapezium, the latter the 
triquetral bone and the hamate ; they are continuous with the corresponding 
ligaments of the wrist-joint. In addition to these hgaments, a slender, inter- 
osseous band sometimes connects the capitate and scaphoid bones. 

The synovial membrane of the carpus is very extensive (fig. 537), and bounds 
a cavity of very irregular shape. The proximal part of the cavity intervenes 
between the distal surfaces of the scaphoid, lunate and triquetral bones and 
the proximal surfaces of the bones of the second row. It sends two prolonga- 
tions upwards — between the scaphoid and lunate bones, and between the lunate 
and triquetral bones — and three downwards between the four bones of the second 
row. The prolongation between the trapezium and the trapezoid, or that between 
the trapezoid and capitate bone, is, owing to the absence of the interosseous 
ligament, often continuous with the cavity of the carpometacarpal joints, some- 
times of the second, third, fourth, and fifth metacarpal bones, sometimes of the 
second and third only. In the latter condition the joint between the hamate 
hone and the fourth and fifth metacarpal bones has a separate synovial mem- 
brane and is separated from the others (fig. 537) by the medial carpometacarpal 
interosseous ligament (p. 476). The synovial cavities of the carpometacarpal 
j oints are prolonged for a short distance between the bases of the metacarpal bones . 
There is a separate synovial cavity between the pisiform and triquetral bones. 

Movements. — The chief movements permitted in the mid-carpal joint are 
flexion and extension, flexion being freer than extension. A very slight amoimt of 
abduction and adduction is also permitted, the head of the capitate bone rotating 
round an anteroposterior axis drawn through its own centre. These movements 
cannot be performed actively except in association with corresponding movements 
of the wrist and fingers. They may therefore be regarded as accessory movements 
of the first type (p. 431). 


VIII. THE CARPOMETACARPAL JOINTS 
1. The Carpojvletacabpal Joint op the Thumb 

This is a saddle-shaped joint between the base of the first metacarpal bone 
and the trapezium (greater multangular bone), and it enjoys great freedom of 
movement on account of the configuration of its articular surfaces. The joint 
is surrounded by a capsular ligament, which is thick but loose, and passes from 
the circumference of the base of the metacarpal bone to the rough edge bounding 
the articular surface of the trapezium ; it is thickest laterally and dorsally . The 
synovial membrane which lines the capsular ligament is distinct from that of the 
other carpometacarpal joints (fig. 537). 

Movements. — ^In this articulation the movements permitted are flexion com- 
bined with opposition, extension, abduction, adduction and circumduction. 
Flexion and extension take place in the plane of the palm of the hand ; abduc- 
tion and adduction at right angles to this plane (p. 430) . Owing to the shapes of 
the articular surfaces concerned, flexion at this joint is not a simple movement 
but is accompanied by a slight degree of medial rotation of the metacarpal bone 
of the thumb, which enables the tip of the thumb to be brought into contact 
with the palmar aspects of the tips of the slightly flexed fingers. This move- 
ment is termed opposition but it cannot be dissociated from flexion and, con- 
versely, flexion at this joint always involves the slight rotatory movement 
which makes opposition possible. 

No accessory movements can be obtained at this joint with the exception of 
separation of the two bones ; this can be effected by traction. 
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Muscles producing the movements : 

Flexion and Opposition . — Opponens polliois, Flexores poUicis longus et 
brevis. 

Extension . — Extensores pollicis longus et brevis. 

Adduction . — Adductor pollicis. 

Abduction . — Abductores pollicis brevis et longus. 

2. The Joints of the Second, Third, Fourth and Fifth Metacarpal 
Bones with the Carpus 

The joints between the carpus and the second, third, fourth, and fifth 
metacarpal bones are plane joints. The bones are united by capsular ligaments, 
strengthened by dorsal, palmar and interosseous ligaments. 

The dorsal ligaments, the strongest and most distinct, connect the carpal and 
metacarpal bones on their dorsal surfaces. The second metacarpal bone receives 
two fasciculi, one each from the trapezium and trapezoid (greater and lesser 
multangular) bones ; the third metacarpal receives two, one each from the 
trapezoid and capitate bones ; the fourth two, one each from the capitate and 
hamate bones ; the fifth receives a single fasciculus from the hamate bone, and 
this is continuous with a similar ligament on the palmar surface, forming an 
incomplete capsular ligament. 

The palmar ligaments have a somewhat similar arrangement, with the ex- 
ception of those of the third metacarpal bone, which are three in number : a 
lateral one from the trapezium (greater multangular bone), situated superficially 
to the sheath of the tendon of the fiexor carpi radiahs ; an intermediate one 
from the capitate bone ; and a medial one from the hamate bone. 

The interosseous ligaments consist of short, thick fibres, and are limited to 
one part of the carpometacarpal articulation ; they connect the contiguous 
inferior margins of the capitate and hamate bones with the adjacent surfaces 
of the third and fourth metacarpal bones, and they may be united at their 
proximal ends. 

The synovial membrane is a continuation of that of the intercarpal joints. 
Occasionally, the joint between the hamate bone and the fourth and fifth meta- 
carpal bones has a separate synovial membrane, and is then bounded on its 
lateral side by the more medial of the two .interosseous ligaments, just described, 
and extensions from it to the palmar and dorsal parts of the capsule (fig. 537). 

Movements, — The movements permitted in the carpometacarpal articulations 
of the fingers are limited to slight gliding of the articular surfaces upon each 
other, the extent of which varies in the different joints. They are really acces- 
sory movements of the first type. The metacarpal bone of the little finger is 
the most movable, then that of the ring-finger ; the metacarpal hopes of the 
index and middle fingers are almost immovable. 

The accessory movements are limited to spiral twisting of the metacarpus as 
a whole on the carpus. 


IX. THE mTERMETAOARPAL JOINTS 

The bases of the second, third, fourth and fifth metacarpal bones articulate 
with one another by small surfaces covered with cartilage, and are connected 
together by dorsal, palmar and interosseous ligaments. 

The dorsal and palmar ligaments pass transversely from one bone to another 
on the dorsal and palmar surfaces. The interosseous ligaments connect the con- 
tiguous surfaces of the bones, just distal to their collateral articular facets. 

The synovial membrane of these joints is continuous with that of the carpo- 
metacarpal articulations. 


X. THE METACARPOPHALANGEAL JOINTS 

These articulations (figs. 538, 539) are of the condyloid variety and are 
formed by the reception of the rounded heads of the metacarpal bones into 



477 


THE METACARPOPHALANGEAL JOINTS 

shallow cavities on the bases of the proximal phalanges. The metacarpo- 
phalangeal joint of the thumb is somewhat exceptional, for its movements of 
flexion and extension seldom exceed 60° and its side to side movements are very 
much restricted. ^ Each joint has a palmar and two collateral ligaments. 

The palmar ligaments (accessory volar ligaments) are thick, dense, fibro- 
cartilaginous structures, placed upon the palmar surfaces of the joints in the 


Fig. 538. — The metacarpophalangeal 
and digital joints. Palmar aspect. 


Fig. 539. — The metacarpophalangeal 
and digital joints. Medial aspect. 
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intervals between the collateral ligaments, to which they are connected ; they 
are loosely united to the metacarpal bones, but are very firinly attached to the 
bases of the proximal phalanges. Their palmar surfaces are intimately blended 
with the deep transverse ligaments of the palm, and grooved for the flexor 
tendons, the fibrous sheaths of which are connected to the sides of the grooves. 
Their deep surfaces form parts of the articular areas for the heads of the meta- 
carpal bones. 

The deep transverse ligaments of the palm consist of three short, wide, 
flattened bands which connect the palmar ligaments of the second, third, fourth 
and fifth metacarpophalangeal j oints to one another (fig. 538). They are related , 
anteriorly, to the lumbrical muscles and the digital vessels and nerves 
and, posteriorly, to the interosseous muscles. Offsets from the digital slips 
of the central portion of the palmar aponeurosis join the palmar surface 
(p. 614). 

The collateral ligaments are strong, rounded cords, placed on the sides of 
the joints ; each is attached to the posterior tubercle and adjacent depression 
on the side of the head of the metacarpal bone, and passes downwards and 
forwards to reach the side of the base of the phalanx (fig. 539). 
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Tte dorsal surfaces of these joints are covered with the expansions of the 
extensor tendons, together with some loose areolar tissue which connects the 
deep surfaces of the tendons to the bones.* 

Movements. — The active movements which occur in these joints are flexion, 
extension, adduction, abduction, and circumduction. 

Flexion is freer than extension, and both movements are limited by the 
tension of the opposing muscles. Abduction and adduction are less free and 
cannot be performed actively when the fingers are flexed {vide infra). 

The accessory movements comprise rotation (which in the case of the thumb 
may be considerable) and gliding of the phalanx on the head of the metacarpal 
bone forwards, backwards and from side to side. In addition the articular 
surfaces, can be separated by traction. 

Muscles producing the movements : 

In flexion, the fiexores digitorum sublimis et profundus are assisted by the 
lumbricals and the interossei (p. 619) and, in the case of the little finger, by 
the flexor digiti minimi. In the thumb, the fiexores pollicis longus et brevis 
are assisted by the first palmar interosseous muscle. 

In extension of the middle and ring fiingers at the metacarpophalangeal 
joints, the extensor digitorum is the only muscle concerned, but the extensor 
indicis and the extensor digiti minimi take part in extension of the index and 
little fingers, respectively. In the thumb the extensores pollicis longus et brevis 
are the only muscles concerned. 

Adduction of the extended fingers is performed by the palmar interossei, but 
during flexion the long flexors of the fingers play the principal part. The slight 
degree of this movement in the thumb is attributable to the adductor pollicis and 
the first palmar interosseous muscle. 

Abduction of the extended fingers is performed by the dorsal interossei 
assisted by the long extensors. In the little finger the abductor digiti minimi is 
the ])rinoipal agent, and the abductor pollicis brevis produces the slight movement 
possible in the thumb. When the foigers are in the flexed position, abduction 
cannot be performed actively, but, provided that the long flexors of the fingers 
are not in active contraction, it can easily be carried out passively. The 
inability to perform the movement actively in this position is presumably due 
to the fact that the dorsal interossei and the abductor digiti Tninimi are so 
relaxed by flexion that they are unable to function ; the inability is certainly 
not to be ascribed to tension of the collateral ligaments. 


XL THE DIGITAL JOINTS (figs. 538, 539) 

The digital or interphalangeal articulations are hinge- joints, and each has 
a palmar and two collateral ligaments. The arrangement of these ligaments is 
similar to those in the metacarpophalangeal joints (p. 477). The extensor 
tendons supply the places of dorsal ligaments. 

Movements. — The only active movements which occur at the interphalangeal 
joints are flexion and extension ; these movements are freer between the proxi- 
mal and naiddle phalanges than between the middle and distal. The amount of 
flexion is very considerable, but extension is limited by tension of the digital 
flexors and, in violent movements, by the palmar ligaments. 

The accessory movements comprise a limited range in each case of rotation, 
abduction, adduction and gliding forwards and backwards. They permit the 
fingers to adapt themselves to the shape of any object gripped in the hand, and 
they provide against the stresses and strains which occur during the ordinary 
use of the hand. 

Muscles producing the movements : 

In flexion of the proximal joint both the flexor digitorum subhmis and the 
flexor digitorum profundus are concerned ; in the distal joint, the latter muscle 
is the sole agent. At the interphalangeal joint of the thumb, the flexor pollicis 
longus is the only muscle available. 

♦Consult an article on “The Nerve Supply of the Interphalangeal and Metacarpo- 
phalangeal joints,” by J. S. B. Stopford, Journal of Anatorm/f vol. Ivi. 1921. 
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In extension, which takes place simultaneously at both joints, the lumbricals 
and the interossei, both palmar and dorsal, are the active agents, owing to their 
insertion into the expansion of the extensor tendon (p. 619). The extensor 
digitorum does not take part in the movement, owing to its fixation at the base 
of the proximal phalanx. In the thumb, the ecctcTisor pollicis longus is the only 
muscle concerned. 

Attention should be drawn at this point to the combined movements of 
flexion at the metacarpophalangeal joint and extension at the interphalangeal 
joints which are carried out simultaneously and are of such importance in the 
fine movements executed in writing, drawing, painting, etc. The lumhricals 
are the principal agents in producing the movements, and they are enabled to 
do so by virtue of their anterior relationship to the transverse axes of the meta- 
carpophalangeal joints and their attachment to the extensor tendon distal to 
that joint. The interossei are unable to initiate the movement, but they help 
to steady the metacarpophalangeal joints and assist the movement as soon as 
the lumbricals have caused the necessary degree of flexion. 


THE JOINTS OF THE PELVIS 
I. THE SACRO-ILIAO JOINT 

The sacro-iliac articulation is a synovial joint between the auricular surfaces 
of the sacrum and ilium. Although the joint is to be regarded as of the plane 
variety, the articular surfaces are not flat, but are marked by a number of 
irregular elevations and depressions. These irregularities fit in to one another 
and provide a locking device which restricts movements to a Tnininnim in order 
to ensure stability, for the sacro-ihac joint interrupts the line of weight trans- 
mission from the vertebral column to the lower limb. This mechanism permits 
the body weight to be transmitted through the joint without causing tension 
of the ligaments. In the adult male a large number of short but strong bundles 
of fibres enter into the constitution of the sacro-iliac ligaments and, as a result, 
only a very small amount of anteroposterior rotatory movement is possible. 
In the female, after puberty, the range is appreciably greater and it is increased 
temporarily in the later months of pregnancy.* In the elderly it is usual to 
find that the joint cavity is at least partly obliterated by the presence of fibrous 
or fibrocartilaginous adhesions. The ligaments. of the joints are : 

Anterior sacro-iliac. Interosseous sacro-ihac. 

Posterior sacro-ihac. 

The anterior sacro-iliac hgament (fig. 540) covers the anterior and inferior 
surfaces of the joint and consists of numerous thin bands. The superior fibres 
of the hgament connect the ala of the sacrum to the adjoining part of the ihac 
fossa ; the inferior fibres are placed below the arcuate line, and unite the lateral 
parts of the three upper sacral vertebrae to the pre-auricular sulcus (p. 374) and 
adjacent part of the ihum. 

The interosseous sacro-ihac hgament is very strong, and forms the chief bond 
of union between the two bones. It fihs the irregular space immediately above 
and behind the joint-cavity (figs. 543, 544) and is covered by the posterior sacro- 
ihac hgament. It consists of bundles of short fibres which connect the ihac 
and sacral tuberosities. 

. The posterior sacro-ihac hgament is obhque in direction ; it connects the 
posterior superior ihac spine to the upper four transverse tubercles of the sacrum. 
Its lower fibres are long and partly blended with the upper end of the sacro- 
tuberous hgament. Its upper fibres are short and nearly horizontal. 


The Veetebbopblvtc Ligaments 

The hium is connected to the fifth lumbar vertebra by the iliolumbar ligament, 
and the sacrum to the ischium by the sacrotuberous and sacrospinous ligaments, 

* R. Brooke, Journal of Anatomy, 1924. 
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The iliolumbar ligament (fig. 540) is attached above to the lower and front 
part of the transverse process of the fifth lumbar vertebra, and occasionally 
has an additional, weak attachment to the transverse process of the fourth. 
It radiates as it passes laterally and is attached by two main bands to the pelvis. 
The lower band runs to the ala of the ilium and the base of the sacrum, blending 
with the anterior sacro-iliac ligament ; the upper, which gives partial origin 
to the quadratus lumborum muscle, is attached to the crest of the ilium im- 
mediately in front of the sacro-iliac joint and is continuous above with the 
lumbar fascia. 

The sacrotuberous ligament (figs. 540, 541) is placed at the lower and 
posterior part of the pelvis. It is attached by a broad base to the posterior 

Fig. 540. — The joints and ligaments of the right side of the pelvis. Antero-superior 

aspect. 



iliac spines (where it is partly blended with the posterior sacro-iliac ligament), to 
the third, fourth and fifth transverse tubercles of the sacrum, and to the lateral 
margin of the lower part of the sacrum and upper part of the coccyx. Its fibres 
run obliquely downwards and laterally, and converge to form a thick, narrow 
band ; this band widens out below and is fixed to the medial margin of the 
ischial tuberosity, and is continued along the ramus of the ischium under the 
name of the falciform process, the free concave edge of which gives attachment 
to the fascia of the obturator intemus muscle. On its posterior surface the 
ligament gives origin to the lowest fibres of the gluteus maximus, and some of 
the superficial fibres of its lower part are continued into the tendon of origin of 
the long head of the biceps femoris. The ligament is pierced by the coccygeal 
branches of the inferior gluteal artery, by the perforating cutaneous nerve 
and by minute filaments of the coccygeal plexus. 

The sacrospinous ligament (fig. 540) is thin, and triangular in form ; it is 
attached by. its apex to the spine of the ischium, and, medially, by its broad 
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base, to the lateral margins of the sacrum and coccyx, in front of the sacro- 
tuberous ligament, with which its fibres are intermingled. It is in relation in 
front with the coccygeus muscle, to which it is closely connected, and of which 
it may represent a degenerated part. 

Tbese two ligaments convert the sciatic notches into foramina. The gr&cbter sciatic 
foramen is bounded, in front and above, by the greater sciatic notch ; behind by the saoro- 
tuberous ligament ; and below by the sacrospinous ligament aid the spine of the ischium. 
It is partially filled up, in the recent state, by the piriformis muscle, which emerges 
from the pelvis through it. Above this muscle, the superior gluteal vessels and nerve 
pass out of the pelvis ; and below it, the inferior gluteal vessels and nerve, the internal 
pudendal vessels and nerve, the sciatic and the posterior femoral cutaneous nerves, and the 
nerves to the obturator intemus and (^[uadratus femoris make their exit from the pelvis. 
The lesser sciatic foramen is bounded, in front, by the body of the ischium ; above, by the 

Fig. 541. — ^The joints and ligaments of the right side of the pelvis. Posterior a^ect. 



body of the ischium and the sacrospinous ligament ; behind, by the sacrotuberous ligament. 
It transmits the tendon of the obturator internus, the nerve to this muscle, and the 
internal pudendal vessels and nerve. 

The sacrotuberous and, to a lesser extent, the sacrospinous ligaments would oppose any 
tendency of the lower part of the sacrum to tilt upwards under the downward thrust which 
is imparted to the upper end of the bone by the weight of the trunk (p. 483). 


H. THE PUBIC SYMPHYSIS (fig.- 542) 

The pubic bones meet each other in the median plane, where they form a 
secondary cartilaginous joint which receives the special name of the pubic 
symphysis. The two bones are connected by a superior and an inferior pubic 
ligament, and by an interpubic disc of fibrocartilage. 

G.A. Q 
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The superior pubic ligament connects the pubic bones superiorly, and extends 
as far as the pubic tubercles. 

The inferior (arcuate) pubic ligament is a thick, triangular arch of fibres, 
connecting the two pubic bones below, and forming the upper boundary of the 
pubic arch. Above, it is blended with the interpubic disc ; laterally, it is at- 
tached to the inferior rami of the pubic bones ; its base is free, and is separated 
from the perineal membrane (inferior fascia of the urogenital diaphragm) by an 
opening through which the deep dorsal vein of the penis (or clitoris) enters the 
pelvis. 

The interpubic disc connects the opposed surfaces of the pubic bones. Each 
of these surfaces is covered with a thin layer of hyaline cartilage firmly joined 


Fig. 542. — A coronal section through the pubic symphysis. Anterior aspect. 



to the bone by a series of nipple-like processes which fit accurately into cor- 
responding depressions on the osseous surface. These opposed cartilaginous 
surfaces are connected by a lamina of fibrocartilage, which varies in thickness 
in different subjects. It often contains a cavity in its interior, probably formed 
by the softening and absorption of the fibrocartilage, since it rarely appears 
before the tenth year of life and is not lined with synovial membrane. This 
cavity is usually limited to the upper and back part of the joint ; it occasionally 
reaches the front, and may extend the entire length of the cartilage. When 
present it may be demonstrated by making a coronal section of the symphysis 
pubis near its posterior surface (fig. 542). In front the disc is strengthened by 
several superimposed layers of fibres, which pass obliquely from one bone to 
the other, decussating and forming an interlacement with the fibres of the 
external oblique aponeuroses and the medial tendons of origin of the recti 
abdominis. 


The Mechanism of the Pelvis 

The pelvic girdle supports and protects the contained viscera and affords 
surfaces for the attachments of the muscles of the trunk and lower limb. Its 
most important mechanical function, however, is to transmit the weight of the 
trunk and upper limbs to the lower extremities. 
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It may be divided into two arches by a vertical plane passing through the 
acetabular cavities ; the posterior of these arches is the one chiefly concerned 
in the function of transmitting the weight of the trunk. Its essential parts are 
the upper three sacral vertebrae and two strong piUars of bone running from 
the sacro-iliac joints to the acetabular fossae (p. 378). The anterior of these 
arches is formed by the pubic bones and their superior rami. It connects the 
bases of the lateral pillars of the posterior arch and so acts as a tie-beam to 
prevent their separation and consequent collapse of the arch. The sacrum forms 


Fig. 543. — A coronal section through the anterior sacral segment. 



the summit 'of the posterior arch ; the weight transmitted falls on it at the 
lumbosacral joint and, theoretically, has a component in each of two directions. 
One component of the force is expended in driving the sacrum downwards and 
backwards between the iliac bones, while the other thrusts the upper end of the 
sacrum downwards and forwards towards the pelvic cavity. 

The movements of the sacrum are regulated by its form. Viewed as a whole, 
it presents the shape of a wedge with its base upwards and forwards. The first 
component of the force is therefore acting against the resistance of the wedge, 


Pig. 544. — A coronal section through the middle sacral segment. 



and its tendency to separate the iliac bones is resisted by the sacro-iliac and 
iliolumbar ligaments and by the ligaments of the symphysis pubis. 

If a series of coronal sections be made through the sacro-iliac joints, it will 
be found possible to divide the articular portion of the sacrum into three seg- 
ments : anterior, middle, and posterior. In the anterior segment (fig. 543), 
which involves the first sacral vertebra, the articular surfaces show slight 
sinuosities and are almost parallel to one another. In the middle segment 
(fig. 544) the width between the dorsal margins of the sacral articular sur- 
faces is greater than that between the ventral margins, and in the centre of each 
surface there is a concavity into which a corresponding convexity of the iHac 
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articular surface fits. This forms an interlocking mechanism which prevents 
the strain of the body- weight from falling on the ligaments. In the posterior 
segment (fig. 545) the ventral width of the sacrum is greater than the dorsal, 
and the articular surfaces are only slightly concave. 

Dislocation downwards and forwards of the sacrum by the second com- 
ponent of the force apphed to it is prevented therefore by the middle segment, 
which interposes the resistance of its wedge-shape and that of the interlocking 
mechanism on its surfaces ; a rotatory movement, however, is produced by 
which the anterior segment is tilted downwards and the posterior upwards : 

the axis of this rotation passes 
Fig. 545. — A coronal section through the posterior through the dorsal part of the 

sacral segment. middle segment. The move- 

ment of the anterior segment is 
slightly limited by its wedge- 
form, but chiefly by the post- 
erior and interosseous sacro-iliac 
ligaments ; that of the posterior 
segment is checked to a slight 
extent by its wedge-form, but 
the chief limiting factors are the 
sacrotuberous and sacrospinous 
ligaments. In all these move- 
ments the effect of the sacro- 
iliac and iliolumbar ligaments aiid the ligaments of the symphysis pubis in 
resisting the separation of the iliac bones must be recognised. 

Applied Anatomy . — ^During pregnancy the pelvic joints and ligaments are relaxed and 
capable therefore of more extensive movements. This relaxation of the ligaments renders 
the locking mechanism of the sacro-iliac joint less efficient and permits a rotation of the 
hip-bones to take place. This rotation has the effect of increasing the capacity of the pelvis. 
The less efficient the locking mechanism, the more the strain of weight bearing falls on the 
ligaments, leading to the frequent occurrence of sacro-iliac strain after pregnancy. During 
involution the ligaments become tightened up again anil the locking mechanism is restored, 
but, in some cases, the locking may occur in the position of rotation of the hip-bones which 
was adopted during the pregnancy. This so-called subluxation of the sacro-iliac joint causes 
pain by the tension which it imposes on the ligaments, and reduction by forcible manipula- 
tion is required. The common position found in this condition is believed to be backward 
rotation of the hip-bone on the sacrum ; it is usually unilateral. 



THE JOINTS OF THE LOWER LIMB 
L THE HIP- JOINT 

The hip-joint is a ball-and-socket articulation, formed by the reception of 
the head of the femur into the cup-shaped fossa of the acetabulum. The 
articular surfaces are reciprocally and regularly curved, but are not co-extensive. 
The head of the femur is completely covered with articular cartilage, except 
over the small, roughened pit to winch the ligament of the head is akached. 
In front, the cartilage extends laterally to cover a small area on the adjoining 
part of the neck of the femur. The cartilage is thickest at the centre of the 
head and thinner towards its periphery. The articular surface of the acetabulum 
forms an incomplete ring, broadest at its upper part where the pressure of the 
body weight falls in the erect attitude and narrowest where it covers the pubic 
constituent. The ring is deficient below opposite the acetabular notch. It is 
covered with articular cartilage which is thickest where the ring is broadest, 
but the floor of the acetabular fossa within the ring is devoid of articular 
cartilage and lodges a mass of fat covered with synovial membrane. The depth 
of the acetabulum is appreciably increased by a fibrocartilaginous rim, termed 
the acetabular labrum. The ligaments of the joint are : 

, The capsular. Pubofemoral. 

Iliofemoral. Ligament of the head of the femur. 

Ischiofemoral. The acetabular labrum. 

Transverse acetabular. 
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The capsular ligament (figs. 548, 549) is strong and dense. Above, it is 
attached to the margin of the acetabulum, 5 or 6 mm. beyond the acetabular 
labrum ; in front, it is attached to the outer margin of the labrum, and, opposite 
the acetabular notch, to the transverse acetabular ligament and the edge of the 
obturator foramen. It surrounds the neck of the femur, and is attached in 
front to the trochanteric hne ; above, to the base of the neck ; behind, to the 
neck about 1 cm. above the trochanteric crest ; below, to the lower part of 
the neck close to the lesser trochanter. From its attachment to the front of the 
neck of the femur many of the fibres are refiected upwards along the neck as 
longitudinal bands, termed retinacula. The capsular ligament is much thicker 
at the upper and fore part of the joint, where the greatest amount of resistance 
is required ; behind and below, it is thin and only loosely connected to the 
bone. It consists of two sets of fibres, circular and longitudinal. The circular 


Fig. 546. — section through the hip-joint. The synovial membrane is shown in blue. 



fibres {zona orbicularis) are the deeper (fig. 546) and form a collar or ring round 
the neck of the femur (fig. 547). Although partially blended with the pubo- and 
ischio-femoral Hgaments, these fibres have no direct attachment to bone. The 
longitudinal fibres are greatest in number at the upper and front part of the 
capsule, where they are reinforced by the iliofemoral ligament. The articular 
capsule is also strengthened by the pubofemoral and the ischiofemoral ligaments. 
The external surface of the capsule is rough, covered by numerous muscles, and 
separated in front from the psoas niajor and iliacus by a bursa. 

The synovial membrane is very extensive. Commencing at the margin of the 
cartilaginous surface of the head of the femur, it covers the portion of the neck 
which is contained within the joint ; from the neck it is refiected on the internal 
surface of the capsular hgament, covers both surfaces of the acetabular labrum, 
ensheathes the hgament of the head of the femur, and covers the mass of fat 
contained in the acetabular fossa. It is absent, however, from the deep surface 
of that part of the ihofemoral hgament which is compressed against the head 
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of the femur in the erect attitude. The joint-cavity communicates sometimes 
with the bursa of the psoas major tendon through a circular aperture which is 
situated between the pubofemoral ligament and the vertical band of the ilio- 
femoral ligament. 

The iliofemoral ligament (fig. 548), triangular in shape and of great strength, 
lies in front of the joint and is ’intimately connected with the capsule. Its apex 
is attached to the lower part of the anterior inferior iliac spine, its base to the 
trochanteric line of the femur. The medial and lateral parts of the ligament are 
strong bands, while the central part is relatively thin and weak ; the medial 
band is vertical in direction and is fixed to the lower part of the trochanteric 
line ; the lateral band is oblique and is attached to the tubercle at the upper part 


Fig. 547. — The synovial cavity of the right hip-joint (distended). Posterior 
aspect. (Prom a specimen prepared by J. C. B. Grant.) 



of the same line. The iliofemoral ligament is frequently called the V-shaped 
ligament, and its lateral band the iliotrochanteric ligament. 

The pubofemoral ligament (fig. 548) is triangular in form with its base at 
the hip-bone, where it is attached to the iliopubic (iliopectineal) eminence, the 
superior ramus of the os pubis, the obturator crest and obturator membrane ; 
below, it blends with the capsule and with the deep surface of the medial band 
pf the iliofemoral hgament. 

The ischiofemoral ligament (fig. 549) has a somewhat spiral disposition on 
the back of the joint. From its attachment to the ischium below and behind 
the acetabulum, it is directed upwards and laterally over the back of the neck 
of the femur. Some of its fibres are continuous with those of the zona orbicularis, 
others are fixed to the base of the greater trochanter. 

The ligament of the head of the femur (ligamentum teres femoris) (fig. 550) is 
a triangular, somewhat flattened band implanted by its apex on the antero- 
superior part of the pit on the head of the femur ; its base is attached by two 
bands, one into each side of the acetabular notch, and between these bony 
attachments it blends with the transverse ligament. It is ensheathed by 
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s3movial membrane, and varies greatly in strength in different subjects ; 
occasionally only its synovial sheath exists, and in rare cases even this is absent. 
The ligament is made tense when the thigh is semifiexed and then adducted ; 
it is relaxed when the limb is abducted. 

The acetabular labrum (glenoidal labrum) (fig. 542) is a fibrocartilaginous 
rim attached to the margin of the acetabulum, the cavity of which it deepens. 
It bridges the acetabular notch as the transverse ligament of the acetabulum, and 
thus forms a complete circle. It is triangular on cross-section ; the base is 
attached to the edge of the acetabulum, and the apex corresponds with the free 


Fig. 548. — ^The right hip-joint. Anterior aspect. 



margin of the labrum. The rim of the acetabular cavity is constricted by the 
free edge of the labrum, which is intumed and embraces the head of the femur 
closely so as to assist in holding it in its socketf 

The transverse ligament of the acetabulum (fig. 542) is in reality a portion of 
the acetabular labrum, though differing from it in having no cartilage- cells 
among its fibres. It consists of strong, flattened fibres, which cross the 
acetabular notch, and convert it into a foramen through which vessels and 
nerves enter the joint. 

Relations of the hip-joint. — ^The capsule is surrounded by muscles on all 
sides (fig. 551). Anteriorly, the lateral fibres of the pectineus intervene between 
the most medial part of the capsule and the femoral vein. Lateral to the 
pectineus the tendon of the psoas major, with the iliacus on its lateral side, runs 
downwards across the front of the capsule, partly separated from it by a bursa. 
In this situation the femoral artery is lying on the psoas tendon and the femoral 
nerve lies deeply in the groove between the tendon and the iliacus. More 
laterally the straight head of the rectus femoris crosses the joint and, under its 
lateral border, the deep layer of the iliotibial tract blends with the capsular 
ligament. 
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Superiorly, the reflected head of the rectus femoris is in contact with the 
medial part of the capsule ; the gluteus minimus covers the lateral part and is 
closely adherent to it. Inferiorly, the lateral fibres of the pectineus lie on the 
capsule as they incline backwards and, more posteriorly, the obturator externus 
crosses obhquely to gain the posterior aspect of the joint. Posteriorly, the lower 
part of the capsule is covered with the tendon of the obturator externus, which 
separates it from the quadratus femoris and is accompanied by the ascending' 
branch of the medial circumflex femoral artery. Above that, the tendon of the 
obturator intemus with the two gemelli is in intimate relation with the joint 


Fig. 649. — The right hip- joint. Posterior aspect. 



and intervenes between it and the sciatic nerve. The nerve to the quadratus 
femoris lies deep to the obturator intemus tendon and descends on the most 
medial part of the capsule. The uppermost part of the posterior surface of the 
capsular Hgament is crossed by the piriformis. 

The arteries supplying the joint are derived from the obturator, medial 
circumflex femoral, and superior and inferior gluteal arteries. 

The nerves are articular branches from the sacral plexus, the sciatic, 
obturator, and accessory obturator nerves, a branch from the nerve to the 
quadratus femoris, and a filament from the branch of the femoral nerve supply- 
iug the rectus femoris. 

Movements. — ^The active movements of the hip- joint are flexion, extension, 
adduction, abduction, circumduction, and rotation. 

The length of the neck of the femur and its inclination to the body of the 
bone have the effect of converting the angular movements of flexion, extension, 
adduction, and abduction partially into rotatory movements in the joint. Thus 
when the thigh is flexed or extended, the head of the femur rotates within the 
acetabulum around a transverse axis. Rotation of the thigh takes place around 
a vertical axis which passes through the centre of the head of the femur and 
the intercondylar notch. The movements of abduction and adduction occur 
around an anteroposterior axis which passes through the centre of the head 
of the femur. 
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The hip- joint presents a very striking contrast to the shoulder- joint as 
regards the mechanical arrangements for its security and for the limitation of 
its movements. In the shoulder, as has been seen, the head of the humerus 
is not adapted in size to the glenoid cavity, and its ordinary movements are 
restrained but little by the capsule. In the hip-joint, on the contrary, the head 
of the femur is closely fitted to the acetabulum for an area extending over nearly 
half a sphere, and at the margin of the bony cup it is embraced still more closely 
by the acetabular labrum, so that the head of the femur is held in its place by 


Fig. 650. — ^The left hip-joint, opened by the removal of the floor of the acetabulum 

from within the pelvis. 



that ligament even when the fibres of the capsule have been divided. The 
iliofemoral ligament is the strongest of all the ligaments in the body, and is 
put on the stretch by any attempt to extend the femur beyond a straight line 
with the trunk. 

Owing to the structure of the joint, no accessory movements are permitted 
with the exception of a very small degree of separation which can be effected 
by strong traction. 

The principal flexor muscles are the 'psoas major and the iliacus, and they are 
assisted by the pectineus, rectus femoris and sartorius. The adductors may 
participate in the movement when it is performed against strong resistance. 
When the knee is flexed, flexion of the hip- joint is arrested by contact of the 
front of the thigh with the anterior abdominal wall. When extension of the 
knee is maintained, flexion of the hip- joint is limited at an earlier stage by the 
tension of the hamstring muscles. 

The principal extensor muscle is the gluteus maximus, which is the true 
antagonist of the psoas major and iliacus. The hamstring muscles share in the 
production of the movement, when strong resistance is encountered. In the 
erect posture a vertical line passing through the centre of gravity of the trunk 
falls behind the line joining the centres of the femoral heads, and therefore the 
pelvis tends to fall backwards, but it is kept in position' by the balanced tone 

a.A. q2 . 
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muscles, the pubofemoral ligament and the medial band of the iliofemoral 
ligament. The principal adductor muscles are the adductores longus, brevis et 
magnus, assisted by the pectineus and the gracilis. Adduction is limited by 
contact with the opposite limb, but a wider range of movement can be obtained 
when the thigh is flexed. Adduction of the flexed thigh is limited by the 
tension of the abductor muscles, the lateral band of the iliofemoral ligament and 
the ligament of the head of the femur. 
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Modidl rotation is a relatively weak movenieiit and. no great force is reejuired 
to prevent it. The principal muscles concerned are the terisor fascice latce and 
the anterior fibres of the glutei minimus et medium . The movement is limited by 
the tension of the lateral rotator muscles, the ischiofemoral hgament and the 
posterior part of the capsular ligament. Lateral rotation can be effected with 
considerable power. The principal muscles concerned are the obturator es, the 
gemelli and the quadratus femoris, assisted by the piriformis, the gluteus 
maximus, the sartorius and the adductors. The movement is limited by the 
tension of the medial rotator muscles and by the lateral band of the iliofemoral 
ligament. 

Applied Anatomy , — ^In dislocation of the hip, “ the head of the thigh-bone may rest at 
any point around its socket ” (Bryant) ; but w^tever position it assumes ultimately, the 
primary displacement is generally downwards and medially, the capsule giving way at its 
weakest — ^that is, its lower and medial — ^part. The situation subsequently assumed by the 
head of the bone is determined by the degree of flexion or extension, and of lateral or 
medial rotation of the thigh at the moment of dislocation, influenced, no doubt, by the 
iliofemoral ligament, which is not easily ruptured. 

The iliofemoral ligament is rarely tom in dislocations of the hip, and this fact is taken 
advantage of by the surgeon in reducing these dislocations by manipulation. It is made 
to act as the fulcrum to a lever, of which the long arm is the body of the femur, and the 
short arm the neck of the bone. 

Congenital dislocation is met with more commonly in the hip-joint than in any other 
articulation. The displacement usually takes place on to the dorsum ihi, the upper part 
of the rim of the acetabulum being deficient. 


IV. THE KNEE-JOINT 

The knee-joint is a gingljmius or hinge- joint. It consists of three articula- 
tions ; two condyloid joints between the condyles of the femur and the semi- 
Ixmar cartilages (menisci) and condyles of the tibia ; and a third between the 
patella and the femur, partly plane, but not completely so, since the articular 
surfaces are not mutually adapted to each other, so that the movement is not a 
simple gliding one. This view of the construction of the knee-joint receives 
confirmation from a study of the articulation in some 6i the lower mammals, 
where, corresponding to these three subdivisions, three synovial cavities are 
found, either distiuct from one another or connected by small communications. 

The joint is partly subdivided by two semilunar fibrocartilages, which are 
placed between the femur and the tibia. 

The articular surfaces (pp. 390, 395 and 396) are not perfectly congruent. 
The femoral condyles are convex from side to side and from before backwards, 
the curvature being accentuated posteriorly (fig. 458). Each tibial articular 
surface, on the other hand, though gently hollowed out centrally, is flattened 
around its periphery where it is covered with the corresponding semilunar 
cartilage. The opposing femorotibial surfaces are adapted to one another more 
closely by the semilunar cartilages, which are shaped so as to render the inferior 
articular surface concave both from side to side and from before backwards. 
The articular surface of the lateral femoral condyle is marked in front by a faint 
groove (fig. 457) which rests on the peripheral border of the lateral semilunar 
cartilage in full extension of the joint. A similar groove marks the articular 
surface of the medial condyle, but it does not reach the lateral border of the 
condyle, where a narrow strip is marked off which comes into contact with the 
medial part of the patellar articular surface in fuU flexion of the knee. 

The articular surface of the patella is adapted in a general way to the 
patellar surface of the femur. The vertical ridge which divides it into a larger, 
lateral part and a smaller, medial part fits into the corresponding groove on the 
femur, but the lateral and medial parts are only imperfectly congruent with the 
corresponding parts of the femur. The articular surface of the patella is 
divided still further by two faint, horizontal ridges which, with the vertical 
ridge map out three pairs of facets.* On the medial side a second vertical ridge 

* In many patellsB only one horizontal ridge can be made out. It is better marked on 
the lateral area, and the upper and lateral facet differs from the others in being more deeply 
hollowed out. 
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cuts off a narrow, elongated, semilunar strip from the medial border of the 
surface. This strip comes into contact with the lateral part of the anterior end 
of the medial femoral condyle in full flexion, and in that position of the 
joint the uppermost lateral facet on the patella is in contact with the anterior 
part of the lateral condyle. As the knee is extended the middle facets of 

Fig. 562. — The S3niovial cavity of the right knee-joint (distended). Lateral aspect. 

(From a specimen prepared by J. 0. B. Grant.) 



the patella come into contact with the lower half of the femoral patellar 
surface, and in full extension only the lowest patellar facets are in contact with 
the femur. 

The ligaments of the joints are : 

The capsular. Anterior and posterior cruciate. 

Ligamentum patellse. Transverse. 

Oblique posterior and arcuate. Coronary, 

Medial and lateral. 

The capsular ligament is a very comphcated structure, for in part it is 
deflcient and in part it is replaced by strong expansions from the tendons of the 
muscles which surround the joint. Posteriorly, it consists of vertically running 
fibres which are attached above to the margins of the femoral condyles and the 
posterior margin of the intercondylar notch, and below to the posterior margins 
of the tibial condyles and the posterior border of the intercondylar area. This 
part of the capsule is blended above on each side with the origin of the corre- 
sponding head of the gastrocnemius and centrally it is strengthened by the 
obhque posterior ligament with which its fibres interlace. On the medial side 
the fibres are attached to the medial surfaces of the femoral and tibial condyles 
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beyond, the articular margins. In this situation the capsular ligament blends 
with the deep fibres of the medial (tibial collateral) ligament. On the lateral 
side the fibres are attached to the femur above the origin of the popliteus and 
they descend to the lateral condyle of the tibia covering the muscle. The 
lateral (fibular collateral) ligament stands clear of the capsule and is separated 
from it by a little fat and the inferior lateral genicular vessels and nerve. 
Anteriorly, the capsule is entirely awanting above the patella and over the 
patellar area. Elsewhere it blends indistinguishably with expansions from 
the vastus medialis and vastus lateralis. These expansions are attached to the 
margins of the patella and ligamentum patellae and extend backwards on each 
side as far as the corresponding collateral ligament and downwards to the 
condyles of the tibia. They form the medial and lateral patellar retiriacula. 


Fig. 553. — ^The right knee-joint. Opened from the front. 
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and the latter is further strengthened by the iliotibial tract, which partially 
covers and blends with the expansion from the vastus lateralis. Above the 
patella the deficiency of the capsule allows the suprapatellar bursa (p. 498) to 
communicate freely with the cavity of the joint. Posteriorly, the attachment 
of the capsule to the posterior surface of the lateral tibial condyle is interrupted, 
and in this situation the popliteus emerges from within the capsule (fig. 556). 
The oblique posterior ligament, which is augmented by fibres derived from the 
tendon of the semimembranosus, strengthens the posterior aspect of the capsule. 
Laterally, a prolongation from the iliotibial tract fiUs the interval between 
the oblique posterior and the lateral (fibular 'collateral) ligaments, and partly 
covers the latter. Medially, expansions from the sartorius and semimembran- 
osus pass upwards to the medial (tibial collateral) ligament and strengthen the 
capsule. 

The synovial membrane of the knee-joint is the most extensive in the body. 
Commencing at the upper border of the patella, it forms a large pouch under 
cover of the quadriceps femoris on the lower part of the front of the femur 
(figs. 552, 560), and usually communicates with a bursa interposed between the 
tendon and the front of the bone. The pouch between the quadriceps and front 
of the femur is upheld, during the movements of the knee, by a small muscle. 
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named the articularis genu, which is inserted into it. On either side of the 
patella, the synovial membrane extends beneath the aponeuroses of the vasti, 
and more especially beneath that of the vastus medialis. Below the patella it is 
separated from the hgamentum patellse by a considerable quantity of fat, known 
as the infrapatellar pad. Opposite the medial and lateral borders of the lower 
part of the articular surface of the patella, the synovial membrane covering the 
infrapatellar pad is projected into the interior of the joint in the form of two 
fringe-like folds termed the alar folds ; behind, these folds converge and are 
continued as a single band, named the infrapatellar fold, to the front of the 
intercondylar notch of the femur (fig. 553). By its position, attachments and 

Fig. 554. — ^The synovial cavity of the right knee-joint (distended). Posterior 
aspect of the specimen represented in fig. 662. 


Posterior cruciate- 
ligament 

Medial semihmar 


Medial ligament 



Anterior cruciate 
ligament 

Lateral semilunar 
cartilage 

■Lateral ligament 


structure the infrapatellar fold may be identified as a vestige of the inferior 
boundary of the originally separate femoropatellar joint (p. 491). 

At the sides of the joint the synovial membrane passes downwards from the 
femur, lining the capsular ligament as far as its attachment to the semilunar 
cartilages. In the foetus it may then be traced over the upper surfaces of these 
to their free borders, and thence along their under surfaces to the tibia, 
but, in the adult, owing to the pressure to which they have been subjected, 
the fibro-cartnages are devoid of a synovial investment. At the back part 
of the lateral semilunar cartilage the synovial membrane forms a cul-de-sac 
between the groove on the surface of the cartilage and the tendon of; the 
pophteus. 

The ligamentum patellae (fig. 555) is the central portion of the common 
tendon of the quadriceps femoris, which is continued from the patella to the 
tubercle of the tibia. It is a strong, flat, ligamentous band, about 8 cm. in 
length, attached, above, to the apex and adjoining margins and to the rough 
depression on the lowest part of the posterior surface of the patella ; and below, 
to the upper part of the tubercle of the tibia ;; its superficial fibres are con- 
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tinuoTis over the front of the pateUa "with those of the tendon of the quadriceps 
femoris. The medial and lateral portions of the tendon of the quadriceps pass 
down, one on each side of the pateUa, to be inserted into the upper extremity 
of the tibia, one on each side of the tubercle ; these portions merge into the 
capsular ligament, as stated above, forming the medial and lateral patellar 
retinacula. The posterior surface of the ligamentum pateUse is separated from 
the synovial membrane by a large infrapatellar pad of fat, and from the tibia 
by a bursa. 

The oblique posterior ligament (oblique popliteal ligament) (fig. 556) is a 
broad, flat, fibrous band, formed of fasciculi separated from one another by 
apertures for the passage of vessels and nerves. It is attached, above, to the 
lateral part of the intercondylar line and to the lateral condyle of the femur, and 


Fig. 665. — The left knee-joint. Anteromedial aspect. 
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below, it gradually blends with the capsular ligament, wMch constitutes its 
principal connexion. It consists of a strong fasciculus which is derived from 
the tendon of the semimembranosus close to its insertion into the tibia, and it 
becomes partially blended with the capsule as it passes upwards and laterally 
across its posterior part. The obHque posterior ligament forms part of the floor 
of the popliteal fossa, and the pophtead artery rests upon it. 

The arcuate ligament of the knee (arcuate popliteal ligament) (fig. 656) is an 
arched bundle of fibres which varies somewhat in strength and appearance. It 
is attached to the lateral condyle of the femur and passes downwards to fuse 
with the capsular ligament. Two bands, an anterior and a posterior, converge 
from the upper and lower extremities of the arcuate ligament ; they unite 
below to form the retiriaculurn of the ligament, which is fixed to the styloid 
process of the head of the fibula. The anterior band of this retinaculum is 
sometimes described as the short Uttered . {fibuUtr coUaterdl) ligctment and the 
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popliteus emerges from under cover of the posterior band (fig. 556). In fig. 556 
the oblique upper border of the arcuate ligament shows an upward con- 
cavity, but in many cases it is straight and blended with the capsule. Some 
anatomists describe the ligament as a A-shaped band, consisting of femorotibial 
and femoro-fibular parts, which straddle the emerging tendon of the popliteus 
muscle. 

The medial (tibial collateral) ligament (figs. 555, 561) is a broad, flat band, 
situated nearer to the back than to the front of the joint. It is attached, above, 
to the medial epicondyle of the femur immediately below the adductor tubercle ; 
below, to the medial condyle and medial surface of the shaft of the tibia. 
The fibres of the posterior part of the ligament are short and incline backwards 


Fig. 656. — The right knee-joint. Fig. 557. — ^The right knee-joint. 

Posterior aspect. Dis&ected from the front. 



as they descend ; they are inserted into the tibia above the groove for the semi- 
membranosus. The anterior part of the ligament, about 10 cm. long, inclines 
forwards as it descends ; it is inserted into the me^al margin and the posterior 
part of the medial surface of the shaft of the tibia (fig. 468). It is crossed, at 
its lower part, by the tendons of the sartbrius, gracilis, and semitendinosus, 
a bursa being interposed. Its deep surface .covers the inferior medial genicular 
vessels and nerve, and the anterior portion of the tendon of the .semimem- 
branosus with which it is connected by a few fibres ; its upper part is intimately 
adherent to the periphery of the medial semilunar cartilage. 

The lateral (fihular collateral) ligament (fig. 557) is a strong, rounded cord, 
attached, above, to the lateral epicondyle of the femur, immediately above the 
groove for the tendon of the popliteus ; below, to the lateral side of the head 
of the fibula, in front of the styloid process. The greater part of it is hidden by 
the tendon of the biceps femoris, but the tendon divides at its insertion into two 
parts, which are separated by the ligament. Deep to the ligament are the tendon 
of the popliteus and the inferior lateral genicular vessels and nerve. The liga- 
ment has no attachment to the lateral semUunar cartilage. 

The cruciate ligaments are of considerable strength, and are situated in the 
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middle of the joint, nearer to its posterior than its anterior surface. They are 
called cruciate because they cross each other somewhat like the limbs of the 
letter X \ and have received the names anterior and posterior ^ from the position 
of their attachments to the tibia. Their position within the joint justifies their 
identification as collateral ligaments of the originally separate medial and 
lateral femorotibial joints (p. 491). 

The anterior cruciate ligament (fig. 559) is attached to the medial part of the 
anterior portion of the intercondylar area of the tibia, being partly blended 
with the anterior end of the lateral semilunar cartilage ; it passes upwards, 
backwards and laterally, and is attached to the posterior part of the medial 
surface of the lateral condyle of the femur. 

The posterior cruciate ligament (fig. 558) is stronger, but shorter and less 
oblique in its direction, than the anterior. It is attached to the posterior part 


Fig. 658. — ^The left knee-joiat. Dissected from behind. 
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of the intercondylar area of the tibia, and to the posterior extremity of the lateral 
semilunar cartilage ; it passes upwards, forwards and medially, to be attached 
to the lateral surface of the medial condyle of the femur. 

The semilunar cartilages (menisci) (fig. 559) are two crescentic lamellae, 
which serve to deepen the surfaces of the upper end of the tibia for articulation 
with the condyles of the femur. The peripheral border of each cartilage is thick 
and convex ; the opposite border is thin, concave, and free. The upper surfaces 
of the cartilages are smooth and concave, and in contact with the condyles of 
the femur ; their lower surfaces are smooth and flat, and rest upon the tibia. 
Each covers approximately the peripheral two-thirds of the corresponding 
articular surface of the tibia. 

The medial semilunar cartilage is nearly semicircular in form, and is broader 
behind than in front ; its anterior end is attached to the anterior part of the 
intercondylar area of the tibia, m front of the anterior cruciate ligament, its 
posterior fibres being continuous with the transverse ligament ; its posterior 
end is fixed to the posterior part of the intercondylar area of the tibia, between 
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the attachments of the lateral semilunar cartilage and the posterior cruciate 
ligament. Its peripheral border is attached to the capsular ligament and is 
firmly adherent to the deep surface of the medial ligament of the knee-joint 

The lateral semilunar cartilage is nearly circular and covers a larger portion 
of the articular surface than the medial cartilage. It is of the same breadth 
throughout its extent, and is grooved posteriorly by the tendon of the popliteus, 
which separates it from the lateral hgament of the knee-joint. Its anterior end 
is attached in front of the intercondylar eminence of the tibia, behind and lateral 
to the anterior cruciate ligament, with which it partly blends ; the posterior end 
is attached behind the intercondylar eminence of the tibia, in front of the poster- 
ior end of the medial cartilage. The anterior attachment of the lateral semi- 
lunar cartilage is twisted so that its free margin looks backwards and upwards, 
its anterior end resting on a sloping shelf of bone on the front of the lateral 
intercondylar tubercle. Close to its posterior attachment it sends off a strong 
fasciculus (figs. 558, 559)-, which passes upwards and medially, to be inserted 
into the medial condyle of the femur, immediately behind the attachment of 

Fig. 559. — The upper end of the left tibia, showing the semilunar cartilages and the 
lower ends of the cruciate Bgaments. 
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the posterior cruciate ligament. Occasionally a small fasciculus passes forwards 
to be inserted into the lateral part of the anterior cruciate ligament. The 
tendon of the popliteus muscle intervenes between the lateral semilunar cartilage 
and the lateral ligament of the knee-joint 

The transverse ligament (fig. 559) coimects the anterior convex margin of 
the lateral to the anterior end of the medial semilunar cartilage ; its thickness 
varies considerably in different subjects, and it is sometimes absent. 

The coronary ligaments are merely portions of the capsule, connecting the 
periphery of each semilunar cartilage with the margin of the head of the tibia. 
Bursae. — ^The bursae near the knee-joint are the following : 

In front there are four bursae : a large one {subcutaneous prepatellar bursa) is 
interposed between the lower part of the patella and the skin, a small one {deep 
infrapatellar bursa) between the upper part of the tibia and the ligamentum 
patellae, a third {subcutaneous infrapatellar bursa) between the lower part of the 
tubercle of the tibia and the skin, andafourth, of large {suprapatdlar bursa), 

which usually communicates with the knee-joint, between the anterior surface 
of the lower part of the femur and the deep surface of the quadriceps femoris 
(fig. 560). Laterally there are four bursae : (I) one (which sometimes communi- 
cates with the joint) between the lateral head of the gastrocnemius and the 
capsule ; (2) one between the lateral ligament and the tendon of the biceps 
femoris ; (3) one between the same ligament and the tendon of the popliteus 
(this is sometimes only an expansion from the next bursa) ; (4) one between the 
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tendon of the popliteus and the lateral condyle of the femuTj usually an ex- 
tension from the synovial membrane of the joint. Medially, there are five 
bursae : (1) one between the medial head of the gastrocnemius and the capsule : 
this sends a prolongation between the tendon of the medial head of the gastro- 
cnemius and the tendon of the semimembranosus and often communicates with 
the joint ; (2) one {tibial intertendinoibs bursa) superficial to the medial ligament, 
between it and the tendons of the sartorius, gracihs, and semitendinosus ; 
(3) one deep to the medial ligament, between it and the tendon of the semi- 

Fig. 560. — sagittal section through the right knee-joint. Lateral aspect. 

The synovial membrane is shown in colour. 



membranosus (this is sometimes only an expansion from the next bursa) ; 
(4) one between the tendon of the semimembranosus and the media] condyle of 
the tibia ; (5) occasionally there is a bursa between the tendons of the semi- 
membranosus and semitendinosus. 

Structures around the joint. — Anteriorly, the quadriceps femoris covers the 
joint, and tendinous expansions from the vastus medialis and vastus laterahs 
extend backwards from its margins over the anteromedial and anterolateral 
aspects of the capsule, respectively, forming the patellar retinacula. On the 
posteromedial side the sartorius, with the gracihs tendon Ij^g along its posterior 
border, descends across the joint ; on the posterolateral side the biceps tendon, 
with the lateral pophteal nerve on its medial side, is in contact with the capsule, 
which separates it from the pophteus (fig. 561). The posterior relations are the 
most numerous and the -most important. The pophteal artery, with its 
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associated lymph glands, lies on the posterior ligament ; the popliteal vein is 
posteromedial, or medial, to the artery ; and the medial popliteal nerve is 
posterior to both vessels. The nerve and vessels are overlapped by the adjoin- 
ing edges of the two heads of the gastrocnemius and, on the lateral side, by the 
plantaris. On each side of the vessels the corresponding head of the gastro- 
cnemius comes into intimate relation with the capsule, and on the medial 
side of the medial head the semimembranosus intervenes between the capsule 
and the semitendinosus. 

The arteries supplying the joint are the descending genicular (a. genu 
suprema), the genicular b^ranches of the popliteal, the recurrent branches of 


Fio. 561 . — A transverse section of the left knee-joint, viewed from above, to show 
the relations of the joint. 
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the - anterior tibial, and the descending branch from the lateral circumflex 
femoral branch of the arteria profunda femoris. 

The nerves are derived from the obturator, femoral, medial and lateral 
pophteal (tibial and common peroneal). 

Movements. — ^The active movements which can be carried out at the knee- 
joint are flexion, extension, medial rotation and lateral rotation. The move- 
ments of flexion and extension differ from those of a typical hinge- joint, such 
as the elbow, in two ways. Tirstly, the axis around which the movement 
occurs is not fixed, but shifts forwards during extension of the leg on the thigh 
and backwards during flexion. Secondly, extension is associated with a minor 
degree of lai-eral rotation of the leg, and flexion with a corresponding degree of 
medial rotation. In full flexion the posterior parts of the tibial articular sur- 
faces are in contact with the posterior parts of the articular surfaces of the 
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femoral condyles. During extension the tibia and its semilunar cartilages glide 
forwards on the femoral condyles and the axis around which the movement takes 
place gradually shifts forwards. As a result the point of contact between the 
two bones moves forwards also, carrying the semilunar cartilages with it. As 
the movement progresses the flatter curve of the femoral condyles makes con- 
tact with the tibia, and the curves of the semilunar cartilages are opened out, 
the net result being that the anterior ends of the cartilages move forwards, 
while their posterior ends suffer little change in position. In flexion the reverse 
movement occurs, so that the cartilages adapt their outline to the curve of the 
parts of the femoral condyles which are malnng contact with the tibia. 

The movement of lateral rotation* of the tibia which is associated with 
extension of the bone on the femur constitutes a locking mechanism which is 
of importance when the fully extended knee is subjected to straiu. The axis 
of rotation passes vertically through the lateral 
condyle medial to its centre, and on this account 
the medial tibial condyle has a longer traverse than 
the lateral, and the articular surfaces of both the 
tibia and the femur reflect this fact. It is usually 
stated that the lateral rotation referred to occurs 
at the last stage of extension and has the effect of 
screwing the joint home and locking it. It must be 
observed, however, that the rotation is not neces- 
sary to ensure stability in the erect posture, for in 
that position the joint is not fully extended, and it 
can be extended voluntarily still further until the 
limit of the movement is reached. This is due 
to the fact that although the weight of the trunk 
falls behind the line joining the centres of the 
femoral heads, it falls in front of the transverse 
axis of the knee-joint and tends to cause hyper- 
extension of the joint. This is prevented by the 
tension of the hamstring muscles, so that the quadriceps is partially relaxed 
in the erect attitude and, as a result, the patella lies loosely on the front of the 
lower end of the femur. 

In addition to the rotatory movements associated with extension and flexion, 
medial and lateral rotation of the leg can be effected when the joint is partly 
flexed ; these movements are freest when the leg is bent at right angles with 
the thigh. 

At the limit of flexion the hgamentum patellae and part of the posterior 
cruciate ligament are stretched, while the oblique posterior and collateral 
ligaments and, to a slight extent, the anterior cruciate ligament are relaxed. 
Flexion is checked duriug life by the contact of the leg with the thigh. When 
the knee-joint is fully extended the obhque posterior, collateral and anterior 
cruciate hgaments and the posterior fibres of the posterior cruciate ligament are 
tense ; in the act of extending the knee the ligamentum patellae is tightened by 
the quadriceps femoris, but in the erect attitude it is relaxed for reasons already 
stated. ‘ Medial rotation is checked by the anterior cruciate ligament and the 
tension of the biceps femoris ; lateral rotation tends to uncross and relax the 
cruciate hgameiits, but is checked by the collateral ligaments and the tension 
of the medial rotators. The main function of the cruciate ligaments is to act as 
a direct bond between the tibia and femur and to prevent the former bone from 
being carried too far backwards or forwards. They also assist the collateral 
ligaments in resisting any bending of the joint to either side. The semilunar 
cartilages ensure that perfect contact is maintained between the articular sur- 
faces in all positions of the joint. They move with the femur on the tibia in 
gliding and rotatory movements, but with the tibia on the femur in flexion and 
extension. The patella is a great defence to the front of the knee-joint ; it also 
affords leverage to the quadriceps femoris. 

Accessofy moveme/yits. — A. wider range of rotation can be obtained by passive 
movements than can be performed actively when the joint is semiflexed, and in 

* Th.e actual meclianisni whereby this rotation is effected is very difficult to explain, 
and none of the theories hitherto' advanced is really satisfactory. 


Fig. 562. — ^The posterior 
surface of the right patella, 
showing diagrammatically 
the areas of contact with the 
femur in different positions 
of the knee-joint. 
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this position the tibia can be made to glide backwards and forwards on the 
femur. When the knee is slightly flexed a limited amount of adduction and 
abduction can be obtained, and it may be noted that these movements can be 
performed actively, provided that the foot is on the ground. A slight amount 
of separation of the femur and tibia can be obtained on strong traction. 

Muscles producing the movements : 

In flexion, the biceps femoris, semitendinosiis Si,rid s&mimemhraTiosus are the 
principal muscles concerned, but they receive assistance from the gracilis, 
sartorius and popliteus. When the foot is on the ground, the gastrocnemius 
and the plantaris are capable of participating in the movement. 

In extension, the quadriceps femoris is the chief muscle concerned, but it 
receives some assistance from the tensor fasciae latae. 

In medial rotation of the flexed leg, the popliteus, semimembranosus and 
semitendinosus are the chief agents, but they may be assisted by the sartorius 
and the gracilis. 

In lateral rotation of the flexed leg, the biceps femoris is the only muscle 
concerned. 

Applied Anatomy . — ^From a consideration of the construction of the knee-joint, it would 
at first sight appear to be one of the least secure joints in the body. It is formed between 
the two longest bones, and therefore the amount of leverage which can be brought to bear 
upon it is considerable ; the articular surfaces are but ill-adapted to each other, and the 
range of motion which it enjoys is great. All these circumstances tend to render the ar- 
ticidation insecure ; nevertheless, on account of the powerful ligaments which bind the 
bones together and the strength of the muscles concerned, the joint is one of the strongest 
in the body, and dislocation from traumatism is a rare occurrence. 

One or other of the semilunar cartilages may be tom or detached, tearing being the 
commoner accident •, when a cartilage is tom it is the thin, central portion which is separated. 
The tom part projects into the interior, and leads to locking of the joint in the semiflexed 
position. The accident is produced by a twist of the leg when the knee is slightly flexed, and 
is accompanied by a sudden pain, and often by fixation of the knee in the flexed position. 
The tom part of the cartilage may be displaced either towards the tibial intercondylar 
eminence, so that it becomes lodged in the intercondylar notch, or to one side, so that 
it projects beyond the margin of the two articular surfaces. The medial semilunar 
cartilage is much more commonly affected than the lateral because it is more securely 
attached to neighbouring structures (p, 497) and is therefore less able to adapt itself to 
sudden changes of position. Further, during the slight rotation of the joint it moves 
through a greater interval than the lateral cartilage. 

The cruciate ligaments are sometimes ruptured, but great violence is necessary to 
produce this injury. When the anterior is torn the tibia can be pushed forwards ; when 
the posterior is tom the tibia can be pulled backwards. 

Acute synovitis, the result of traumatism, is of frequent occurrence in the knee-joint. 
When the cavity is distended with fluid, the swellmg shows itself above and at the sides 
of the patella, reaching about 2*5 cm., occasionally 5 cm. or more, above the patellar 
surface of the femur, and extending a little higher under the vastus medialis than under the 
vastus lateralis. The lower level of the synovial membrane is just below the upper end of 
the tibia. 

The burssB about the knee-joint are sometimes the seat of enlargement. The bursa 
between the front of the patella and the skin is frequently affected in those who are in the 
habit of kneeling, and the condition is known as ‘ housemaid’s knee.’ The bursa beneath 
the semimembranosus tendon also occasionally becomes enlarged, and forms a fluctuating 
swelling at the back of the knee. During extension the swelling is firm and tense ; but 
during flexion it becomes soft, and, as the bursa often communicates with the synovial 
cavity of the joint, the fluid it contains can be made to disappear by pressure when the knee 
is flexed. 


III. THE TIBIOFIBULAR JOINTS 

The tibia and the fibula are connected at their extremities by (1) the superior 
and (2) the inferior tibiofibular joints, (3) In addition, the shafts of the bones 
are connected by the crural interosseous membrane. 

1. The Superior Tibiofibular Joint 
This articulation (fig. 558) is a plane joint between the lateral condyle of 
the tibia and the head of the fibula. The articular surfaces of the bones present 
flat, oval facets covered with cartilage, and the bones are connected by a 
capsular ligament and by anterior and posterior ligaments. 
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The capsular ligament is attached to the margias of the articular facets on 
the tibia and fibula ; it is much thicker in front than behind. Not infrequently 
the synovial membrane of the joint is continuous vpith that of the knee-joint 
through the pophteus bursa. 

The anterior ligament consists of two or three flat bands, which pass obliquely 
upwards from the front of the head of the fibula to the front of the lateral con- 
dyle of the tibia. 

The posterior ligament is a thick band, which passes obliquely upwards 
from the back of the head of the fibula to the back of the lateral condyle of the 
tibia. It is covered by the tendon of the popliteus. 

2. The Crurjol Interosseous Membrane 

The crural interosseous membrane connects the interosseous borders of the 
tibia and fibula, and separates the muscles on the front from those on the back 
of the leg. The anterior tibial artery passes to the front of the leg through a 
large oval opening in the uppermost part of the membrane, and the perforating 
branch of the peroneal artery pierces its lower part. It consists of oblique 
fibres, which for the most part run downwards and laterally ; a few, however, 
pass downwards and medially, including a bundle which forms the upper 
border of the opening for the anterior tibial artery. The membrane is con- 
tinuous below with the interosseous ligament of the inferior tibiofibular joint. 
It is in relation, in front, with the tibialis anterior, extensor digitorum longus, 
extensor hallucis longus, peroneus tertius, and the anterior ti&al vessels and 
anterior tibial (deep peroneal) nerve; behind, with the tibialis posterior and 
flexor hallucis longus. 

3. The Inferior Tibiofibtilar Joint (Tibioftbular Syndesmosis) 

This syndesmosis is formed by the rough, convex surface on the medial side 
of the lower end of the fibula, and a rough, concave surface (the fibular notch) 
on the lateral side of the tibia. Below, to the extent of about 4 mm., these 
surfaces are smooth, and covered with cartilage continuous with that of the 
ankle-joint. The ligaments are : anterior, posterior, inferior transverse and 
interosseous. 

The anterior inferior tibiofibular ligament (fig. 567) is a flattened band, which 
extends obliquely downwards and laterally between the adjacent margins of 
the tibia and fibula, on the front of the syndesmosis. 

The posterior inferior tibiofibular ligament (fig. 564), smaller than the pre- 
ceding, is disposed in a similar manner on the posterior surface of the syndesmosis. 
Its lower and deep portion forms the inferior transverse ligament — a strong, thick 
band of yellowish fibres which passes transversely from the upper part of the 
malleolar fossa of the fibula to the posterior border of the articular surface of the 
tibia, almost as far as the medial malleolus. The inferior transverse ligament 
projects below the margins of the bones, and forms part of the articulating 
surface for the talus. 

The interosseous ligament is continuous, above, with the crural interosseous 
membrane and consists of numerous, short, strong bands which pass between 
the adjacent rough surfaces of the tibia and fibida, and constitute the chief 
bond of union between the lower ends of the bones. 


IV. THE ANKLE-JOINT 

The ankle-joint is a ginglymus, or hinge-joint. The lower end of the tibia 
and its malleolus, the malleolus of the fibula, and the inferior transverse tibio- 
fibular ligament enter into its formation, and together form a mortise for the 
reception of the body of the talus. The articular surfaces are covered with 
hyaline cartilage. The trochlear surface of the talus, which is convex from 
before backwards and gently concave from side to side, is wider in front than 
behind, and the inferior articular surface of the tibia is reciprocally shaped. 
The articular surface for the medial malleolus is restricted to the upper part of 
the medial surface of the talus. It is flat and comma-shaped, being deeper in 
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front than behind. The lateral surface of the talus, which is triangular in 
outline, is concave from above downwards and adapts itself to the articular 
surface of the lateral malleolus, which is convex from above downwards. 


Fig. 563. — The synovial cavity of the left ankle-joint (distended), 
(From a specimen prepared by J. C. B. Grant.) 


Lateral aspect. 



Fig. 664. — The left ankle-joint. Posterior aspect. 
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The bones are connected by the following ligaments : 

Capsular. Lateral. . 

Anterior and posterior. Anterior and posterior talofibular. 

Deltoid. Calcaneofibular. 
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The capsular ligament (fig. 565) surrounds the joint, and is attached, above, 
to the borders of the articular surfaces of the tibia and malleoli. Below, it is 
attached to the dorsum of the neck of the talus a little in front of the trochlear 
surface, and elsewhere it is attached close to the margins of the articular 
surfaces. 

The anterior ligament is a broad, thin, membranous layer attached, above, 
to the anterior margin of the lower end of the tibia, and below to the talus, 
a little in front of its superior articular surface. 

The posterior ligament is very thin and consists principally of transverse 
fibres. It is attached, above, to the posterior margin of the articular surface of 
the tibia, blending with the inferior transverse ligament, and below, to the 
talus behind its superior articular facet. Laterally, it is somewhat thickened 
and reaches as far as the malleolar fossa of the fibula. 

A synovial membrane lines the capsular ligament, and the joint-cavity 
ascends for a short distance between the tibia and fibula (fig. 568). 


Fig. 565. — The ligaments of the right ankle and tarsus. Medial aspect. 



The deltoid ligament (figs. 565, 568) is a strong, triangular band, attached, 
above, to the apex and anterior and posterior borders of the medial maUeolus, 
It consists of two sets of fibres, superficial and deep. Of the superficial fibres the 
anterior {tihiorwivicular) pass forwards to be attached to the tuberosity of the 
navicular bone, and immediately behind this they blend with the medial margin 
of the plantar calcaneonavicular ligament ; the middle fibres (calcaneotibial) 
descend almost perpendicularly and are fixed to the whole length of the sus- 
tentaculum tali of the calcaneum ; the posterior fibres (posterior talotibial) pass 
backwards and laterally to be attached to the medial side of the talus, and to 
its medial tubercle. The deep fibres (anterior talotibial) are fixed above, to the 
tip of the medial malleolus, and, below, to the non-articular part of the medial 
surface of the talus. The deltoid ligament is crossed by the tendons of the 
tibialis posterior and fiexor digitorum longus. 

The lateral ligament consists of three separate bands, termed the anterior 
talofibular, the posterior talofibular and the calcaneofibular. 

The anterior talofibular ligament (fig. 567) passes from the anterior margin 
of the fibular maUeolus, forwards and mediaUy, to the talus, where it is attached 
in frpnt of the lateral articular facet and to the lateral aspect of the neck. 

The posterior talofibular ligament (fig. 564), strong and deeply seated, runs 
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Fig. 566. — Transverse section through the lower part of the ankle-joint. 
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Fig. 567. — The ligaments of the right ankle and tarsus. Lateral aspect. 
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almost horizontally from the lower part of the malleolar fossa to the posterior 
tubercle of the talus. 

The calcaneofibular ligament (fig. 567) is a long rounded cord, running from 
the depression in front of the apex of the fibular malleolus downwards and 
slightly backwards to a tubercle on the lateral surface of the calcaneum. It is 
crossed by the tendons of the peroneus longus and brevis. 

Relations. — The tendons, vessels, and nerves in relation with the joint are : 
in front, from the medial side, the tibialis anterior, extensor hallucis longus* 
anterior tibial vessels, anterior tibial (deep peroneal) nerve, extensor digitorum' 
longus, and peroneus tertius ; behind, from the medial side, the tibialis pos- 
terior, flexor digitorum longus, posterior tibial vessels, posterior tibial nerve 
(tibial nerve), flexor haUucis longus ; and, in the groove behind the fibular 
maUeolus, the tendons of the peroneus longus and brevis (fig. 566). 

The arteries supplying the joint are derived from the malleolar branches of 
the anterior tibial and from the peroneal. 

The nerves are derived from the anterior and posterior tibial (deep peroneal 
and tibial). 

Movements. — ^When the body is in the erect position the foot is at right angles 
to the leg. The active movements of the ankle-joint are those of dorsiflexion and 
plantar-flexion ; in dorsiflexion the angle between the front of the leg and the 
dorsum of the foot is diminished ; in plantar-flexion the angle is increased, 
the heel being raised and the toes pointed downwards. The maUeoli embrace 
the talus in the position of rest, and no appreciable degree of side-to-side move- 
ment can occur without stretching of the hgaments of the inferior tibio- 
fibular joint, and shght bending of the fibula. The superior articular surface 
of the talus is broader in front than behind. In dorsiflexion, therefore, greater 
space is required between the two malleoli. This is obtained by a slight separa- 
tion of the lower ends of the tibia and fibula and is consequent on sUght move- 
ment at the inferior tibiofibular joint; this movement is facihtated by a minor 
degree of gliding at the superior tibiofibular joint. The deltoid ligament is ex- 
ceedingly strong — so much so, that it usually resists a force which fractures the 
process of bone to which it is attached. Its middle portion, together with the 
calcaneofibular ligament, binds the bones of the leg firmly to the foot, and 
resists displacement in every direction. The posterior talofibular ligament assists 
the calcaneofibular in resisting the displacement of the foot backwards, and 
deepens the cavity for the reception of the talus. The anterior talofibular 
ligament is a security against the displacement of the • foot forwards. 
Plantar-flexion of the foot is limited by the tension of the opposing 
muscles, by the anterior fibres of the deltoid and by the anterior talofibular 
ligament. Dorsiflexion of the foot is hmited by the tension of the tendo 
calcaneus, by the posterior fibres of the deltoid and by the calcaneofibular 
ligament. 

Accessory movements. — Shght amounts of side to side gliding movement, 
rotation, abduction and adduction are permitted, when the foot is in plantar 
flexion. 

Muscles producing the movements : 

In dorsiflexion the tibialis anterior is the most important factor, but it , 
receives appreciable assistance from the extensor digitorum longus, the extensor 
haUucis longus and the peroneus tertius. 

In plantar-flexion, the gastrocnemius and the soleus are the chief agents, 
assisted to a lesser degree by the peroneus longus and brevis, the plantaris, 
the tibiahs posterior, the flexor hallucis longus and the flexor ^gitorum 
longus. 

Applied Anatomy . — Owiag to the protection afforded to the talus by the tibiofibular 
mortise, the ankle-joint is a very stable articxdation and dislocation is rare uioless one of 
the maUeoli is fractured. So-called sprains of the ankle-joint are almost always abduction 
sprains of the subtalar joints, although some of the fibres of the deltoid"ligament also are 
torn. True sprains of the ankle-joint are usually caused by forced plantar flexion and 
result in tearing of the capsular ligament on the front of the joint and bruising by impaction 
of the structures at the back of the joint. 

When disease or injury of the ankle-joint is likely to lead to ankylosis, the joint is kept 
dorsiflexed to rather less than a right angle. 
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V. THE INTERTARSAL JOINTS 
1. The Taeocalcanban Joint 

There are two articulations between the oalcaneum and talus, an anterior 
and a posterior ; the anterior forms part of the talocalcaneonavicular joint, 
and is described with it (p. 509). The posterior or talocalcanean joint is formed 
between the convex, posterior calcanean facet on the inferior surface of the 
talus, and the concave, posterior facet on the superior surface of the calcaneum. 
It is a plane joint, and the two bones are connected by a capsular ligament 
and by anterior, posterior, lateral, medial and interosseous talocalcanean 
ligaments. 

The capsular ligament envelops the joint, and consists for the most part of 
Fig. 568. — A coronal section through the left ankle and talocalcaneal joints. 
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short fibres ; it is split into shps, and between these there is only a weak fibrous 
investment. It is lined with synovial membrane, and the joint- cavity does not 
communicate with any of the other tarsal joints. 

The anterior talocalcaneaii ligament (fig. 570) extends from the inferior and 
lateral surfaces of the neck of the talus to the superior surface of the calcaneum. 
It is identical with the posterior part of the interosseous talocalcanean ligament. 

The posterior talocalcanean ligament (fig. 565) connects the posterior tubercle 
of the talus with the upper surface of the calcaneum close to the posterior 
facet ; it is a short band, and its fibres radiate from their narrow attachment 
on the talus. 

The lateral talocalcanean ligament (fig. 667) is a short, fiattened fasciculus, 
which passes downwards and backwards from the lateral tubercle of the talus 
to be attached to the lateral surface of the calcaneum, above and in front of 
the calcaneofibular ligament. 

The medial talocalcanean ligament connects the medial tubercle on the 
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posterior surface of the talus with the back of the sustentaculum tali. Its 
fibres blend with those of the deltoid ligament. 

The interosseous talocalcanean ligament (figs. 568, 570) forms the chief bond 
of union between the bones and is attached, above, to the sulcus tah ; below, 
to the sulcus calcanei. It comprises the posterior ligament of the talocalcaneo- 
navicular joint and the anterior ligament of the talocalcanean joint. Medially, 
these two ligaments are fused, but laterally they are separated by a band of 
fibres derived from the fibrous loop which encloses the tendons of the peroneus 
tertius and the extensor digitorum longus in front of the ankle-joint (p. 650). 
The lateral part of the anterior portion of the talocalcanean interosseous liga- 
ment is especially strengthened and extends between the inferolateral aspect 
of the neck of the talus and the upper surface of the calcaneum (fig. 570). It 
is rendered taut when the foot is inverted and prevents the occurrence of too 
great a degree of this movement. 

Movements.— The movements permitted between the talus and calcaneum 
are closely associated with the movements at the talocalcaneonavicular joint 
and will be described with them. 

2. The Talocalcakeonavictjlar Joint 

This articulation is a restricted form of ball-and-socket joint : the rounded 
head of the talus being received into the concavity formed by the posterior 
surface of the navicular, the anterior upper articular surface of the calcaneum, 
and the upper surface of the plantar calcaneonavicular ligament. The bones 
forming the joint are connected by a capsular ligament, and by the talonavi- 
cular, the plantar calcaneonavicular and the lateral calcaneonavicular ligaments. 

The capsular ligament is imperfectly developed except posteriorly, where it 
is considerably thickened and forms the anterior part of the interosseous liga- 
ment, which fills the sinus tarsi formed by the opposing grooves on the calcaneum 
and talus, as mentioned above. 

The talonavicular ligament (fig. 565) is a broad, thin band, connecting the 
neck of the talus to the dorsal surface of the navicular bone ; it is covered with 
the extensor tendons. The plantar calcaneonavicular ligament (p. 511) is the 
plantar, and the lateral calcaneonavicular (vide infra) the lateral ligament for 
this joint. 

Movements. — ^A considerable range of gliding and rotatory movement is 
permitted at both the talocalcanean and the talocalcaneonavicular joints. The 
calcaneum and the navicular, carrying the foot with them, can be moved medially 
on the talus in a combination of gliding movement and rotation.* This move- 
ment results in the elevation of the medial border and a corresponding depression 
of the lateral border of the foot, so that the plantar aspect of the foot faces 
medially. This is the position of inversion, which is in reality a combination 
of adduction and partial ' supination The range of the movement is 
appreciably increased in plantar flexion of the foot, for in this position the 
narrow part of the trochlear surface of the talus occupies the tibiofibular 
mortise and a slight amount of lateral movement of the talus in the mortise 
gives an increased range of adduction to the front part of the foot. The 
opposite movement, which is inuch more limited in range, is termed eversion. 
The chief factor in the limitation of inversion is the tension of the peronei 
and the strong lateral part of the interosseous talocalcanean ligament (p. 
499). The other tarsal interosseous ligaments and the calcaneofibular 
ligament are less important factors. Eversion is arrested by the tension of the 
tibialis anterior and tibialis posterior and the deltoid ligament. 

Muscles producing the movements : 

Inversion . — Tibialis anterior and posterior. 

Eversion . — Peroneus longus and brevis. 

3. The CALOANEOctrson) Joint 

The articular surfaces of the calcaneocuboid, joint are somewhat saddle- 
shaped. The hgaments of the joint are : the capsular, the dorsal calcaneo- 

* For a full analysis of these movements, consult a paper by Philip Wiles : ** Flat-Feet, 
The Lancet, 1934. 
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cuboid, the calcaneocuboid portion of the bifurcated hgament, the long plantar 
and the short plantar (plantar calcaneocuboid). 

The capsular ligament contains certain bands which form the other ligaments 
of the joint. Its synovial membrane is distinct from that of the other tarsal 
articulations (fig. 571). 

The dorsal calcaneocuboid ligament (fig. 567) is a thin but broad fasciculus, 
which passes between the contiguous surfaces of the calcaneum and the cuboid 
bone, on the dorsal surface of the joint. 

The bifurcated ligament (figs. 567, 570) is a strong band attached behind to 
the anterior part of the upper surface of the calcaneum and dividing in front 


Fig. 569. — The ligaments of the plantar surface of the left foot. 
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in a Y-shaped manner into a medial calcaneocuboid and a lateral calcaneo- 
navicular ligament. The medial cahaneocuboid ligament is fixed to the dorsal 
part of the medial side of the cuboid bone and forms one of the principal bonds 
between the first and second rows of the tarsal bones. The lateral calcaneo- 
navicular ligament is attached to the dorsilateral aspect of the navicular bone. 

The long plantar ligament (fig. 569), which is the longest of the tarsal liga- 
ments, is attached posteriorly to the plantar surface of the calcaneum in front of 
the medial and lateral tubercles, and anteriorly to the ridge and tuberosity on 
the plantar surface of the cuboid bone, the more superficial fibres being continued 
forwards to the bases of the second, third, and fourth metatarsal bones. This 
ligament converts the groove on the plantar surface of the cuboid bone into a 
tunnel for the tendon of the peroneus longus. It possesses great strength and is 
an important factor in resisting fiattening of tjie lateral longitudinal arch of the 
foot (p. 517). 

The short plantar (plantar calcaneocuboid) ligament (fig. 569) lies nearer to 
the bones than the preceding ligament, from which it is separated by a little 
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areolar tissue. It is a short but wide band of great strength, and stretches 
from the anterior tubercle of the calcaneum and the depression in front of it, 
to the adjoining part of the plantar surface of the cuboid bone. Like the 
preceding ligament, it resists flattening of the lateral longitudinal arch of 
the foot. 

Movements. — The movements permitted between the calcaneum and the 
cuboid bone are limited to slight gliding and rotation of the bones upon each 
other, and occur during the movements of inversion and eversion. 

The calcaneocuboid and talonavicular articulations together form what is 
known as the transverse tarsal joint. 


4, The Ligaments connecting the Caecaneitm and Navicular 

Though the calcaneum and the navicular bone do not articulate directly, 
they are connected by two ligaments : the lateral calcaneonavicular and the 
plantar calcaneonavicular. 

The lateral calcaneonavicular ligament has been described above ; it forms 
the medial band of the bifurcated ligament. 


Fig. 570. — ^The right talocalcanean and talocalcaneonavicular joints exposed 
by removal of the talus. 



The plantar calcaneonavicular or * spring ’ ligament (fig. 569) is a broad, 
thick band connecting the anterior margin of the sustentaculum tali of the 
calcaneum to the plantar surface of the navicular bone. This ligament unites 
the calcaneum with the navicular bone, and lies below the head of the talus, 
forming part of the articular cavity in which the head is received ; it resists 
flattening of the medial longitudinal arch of the foot (p. 516). The dorsal 
surface of the ligament presents a fibrocartilaginous facet upon which a portion 
of the head of the talus rests (fig. 570). Its plantar surface is supported by 
the tendon of the tibialis posterior, medially ; and by the tendons of the 
flexor hallucis longus and the flexor digitorum longus, laterally ; its medial 
border is blended with the anterior fibres of the superficial part of the deltoid 
ligament of the ankle-joint. 
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5. The Cxjneonavicijlae Joint 

The navicular bone articulates in front with the three cuneiform bones. 
The joint is of the plane variety and its capsular ligament is continuous with the 
capsular ligaments of the intercuneiform and the cuneocuboid joints. Its 
sjmovial cavity is continuous with the synovial cavities of these j oints and with 
the synovial cavities of the second and third cuneometatarsal joints and of the 
intermetatarsal joints between the bases of the second and third, and third and 
fourth metatarsal bones. 

Dorsal and plantar ligaments connect the navicular bone to each of the 
cuneiform bones. 

The dorsal ligaments are three small fasciculi, one attached to each of the 
cuneiform bones. The fasciculus connecting the navicular bone with the medial 
cuneiform bone is continuous round the medial side of the joint with the plantar 
ligament which unites these two bones. 

The plantar ligaments have a similar arrangement to the dorsal, and are 
strengthened by slips from the tendon of the tibialis posterior. 


6. The CuBONAVioxjiiAB Joint 

The cubonavicular joint is usually a syndesmosis, and the two bones are 
connected by dorsal, plantar and interosseous ligaments. 

The dorsal ligament extends obliquely forwards and laterally, while the 
plantar passes nearly transversely from the cuboid bone to the navicular bone. 

The interosseous ligament consists of strong transverse fibres, and connects 
the rough non-articular portions of the adjacent surfaces of the two bones. 

Not infrequently the syndesmosis is replaced by a S 3 movial joint. In that 
event the joint is of the plane variety and its capsular ligament and synovial 
cavity are continuous with those of the cuneonavicular joint. 


7. The Intbrctjneifoem and Cunbooitboid Joints 

The inter cuneiform joints and the joint between the lateral cuneiform bone 
and the cuboid are all synovial in character and of the plane variety. Their 
capsular ligaments and synovial cavities are continuous with those of the 
cuneonavicular joint. 

The bones are connected together by dorsal, plantar, and interosseous 
ligaments. 

The dorsal and plantar ligaments each consist of three transverse bands : 
one connects the medial and intermediate cuneiform bones, another the inter- 
mediate and lateral cuneiform bones, and another the lateral cuneiform and 
cuboid bones. The plantar ligaments are strengthened by slips from the tendon 
of the tibialis posterior. 

The interosseous ligaments connect the rough non-articular portions of the 
adjacent surfaces of the bones and possess considerable strength ; they resist 
depression of the transverse arch of the foot (p. 517). 

Movements. — ^The movements permitted at the cuneonavicular, cubonavi- 
cular, intercuneiform and cuneocuboid joints are limited to a slight amount of 
gliding on each other of the bones concerned, and cannot be performed volun- 
tarily when the foot is raised from the ground. They occur when load is taken 
by the anterior part of the foot, e.g. in starting to run or jump, etc., and greatly 
increase the suppleness of the foot. 


VI. THE TARSOMETATARSAL JOINTS 

These are synovial joints of the plane variety. The first metatarsal bone 
articulates with the medial cuneiform bone ; the second is dovetailed in between 
the medial and lateral cuneiform bones, articulating by its base with the inter- 
mediate cuneiform bone ; the third articulates with the lateral cuneiform bone ; 
the fourth, with the cuboid and lateral cuneiform bones ; and the fifth with 
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the cuboid bone. The first joint possesses an independent capsular ligament 
and s3movial cavity. The capsular ligaments and synovial cavities of the 
second and third joints are continuous with those of the intercuneiform and 
cuneonavicular joints, but are shut off from those of the fourth and fifth joints 
by an interosseous ligament which passes between the lateral cuneiform bone 
and the base of the fourth metatarsal. The bones are connected by dorsal, 
plantar, and interosseous ligaments. 

The dorsal ligaments are strong, flat bands. The first metatarsal is joined 
to the medial cuneiform bone by a capsular hgament ; the second metatarsal 
receives three bands, one from each cuneiform bone ; the third, one from the 
lateral cuneiform bone ; the fourth, one from the lateral cuneiform bone, and 
another from the cuboid bone ; and the fifth, one from the cuboid bone. 

The plantar ligaments consist of longitudinal and oblique bands, disposed 


Fig. 571. — ^An oblique section through the right foot, shqwing the synovial cavities 
of the intertarsal and tarsometatarsal joints. Viewed from above. 



with less regularity than the dorsal ligaments. Those for the first and second 
metatarsal bones are the strongest ; the second and third metatarsal bones are 
joined by obhque bands to the medial cuneiform bone ; the fourth and fifth 
metatarsal bones are connected by a few fibres to the cuboid bone. 

The interosseous ligaments are three in number. The first is the strongest 
and passes from the lateral surface of the medial cuneiform bone to the adjacent 
angle of the second metatarsal bone (fig. 571). The second connects the lateral 
cuneiform bone with the adjacent angle of the second metatarsal bone. The 
third connects the lateral angle of the lateral cuneiform bone with the adjacent 
side of the base of the third metatarsal bone. 

Movements. — ^The movements permitted between the tarsal and metatarsal 
bones are limited to gliding of the bones upon each other. This movement is 
very limited in range except in the case of the joint between the medial cunei- 
form bone and the first metatarsal, where an appreciable amount both of up 
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and down movement and of rotation of the metatarsal bone can be obtained 
passively when the muscles concerned are relaxed. These movements are 
carried out actively in standing and walking and form part of the mechanism 
by which the foot is kept plantigrade whether it is inverted or everted. 

In order that the inverted foot may remain plantigrade on a flat surface, 
the elevation of its medial border, wMch is a necessary accompaniment of 
inversion, is corrected by medial (or downward) rotation and depression of the 
first metatarsal and medial cuneiform bones, brought about by the action of the 
peroneuslongus muscle (p. 649). Conversely, in the case of eversion, the elevation 
of the lateral border of the foot is corrected by lateral (or upward) rotation 
and elevation of the first metatarsal and medial cuneiform bones, brought 
about passively by pressure on the ground. As a result of these move- 
ments the transverse arch of the foot (p. 517) is accentuated in inversion and 
flattened in eversion. 


VIL THE INTERMETATARSAL JOINTS 

The base of the first metatarsal bone is not connected with that of the second 
by any hgaments ; in this respect the great toe resembles the thumb. A small 
bursa is often interposed between the lateral side of the base of the first meta- 
tarsal bone and the medial side of the shaft of the second (fig. 571). 

The bases of the second, third, fourth, and fifth metatarsal bones are con- 
nected by dorsal, plantar, and interosseous ligaments. 

« The heads of all the metatarsal bones are connected indirectly by the 
deep transverse ligaments of the sole. 

The dorsal and plantar ligaments pass transversely between the bases of 
the adjacent bones. , ■ ; 

The interosseous ligaments consist of strong transverse fibres which connect 
the rough non-articular portions of the adjacent surfaces (fig. 571). 

Movements.— The movements permitted' between the tarsal ends of the 
metatarsal bones are limited to a slight gliding of the articular surfaces one 
upon another when the anterior part of the foot is working under load (c/.’ 
movements of the intercuneiform joints, etc., p. 512). 


THE SYNOVIAL CAVITIES OF THE TARSUS AND METATARSUS 

The synovial cavities (fig. 571) present in the joints of the tarsus and meta- 
tarsus are six in number : one for the talocalcanean ; a second for the talocal- 
caneonavicular ; a third for the calcaneocuboid ; a fourth for the cuneonavicular, 
intercuneiform, and cuneocuboid articulations, the articulations of the inter- 
mediate and lateral cuneiform bones with the bases of the second and third 
metatarsal bones, and the adjacent surfaces of the bases of the second, third, ^ 
and fourth metatarsal bones ; a fifth for the medial cuneiform bone with the 
metatarsal bone of the great toe ; and a sixth, for the articulation of the cuboid 
bone with the fourth and fifth metatarsal bones. A small synovial cavity is 
sometimes found between the contiguous surfaces of the navicular and cuboid 
bones ; it usually communicates with that between the cuboid and lateral 
cuneiform bones. 


VIII. THE METATARSOPHALANGEAL JOINTS 

The metatarsophalangeal joints are of the condyloid variety and are formed 
by the reception of the rounded heads of the metatarsal bones in shallow cavities 
on the bases of the proximal phalanges. 

The articular surfaces cover the distal and plantar surfaces of the heads of 
the metatarsal bones but do not extend on to their dorsal surfaces. The plantar 
part of the head of the first metatarsal presents two longitudinal grooves 
separated by an intervening ridge. Each groove articulates with a sesamdid 
bone imbedded in the plantar ligament of the joint. The articular surface of 
the base of the proximal phalanx is concave in all diameters. 
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The ligaments of the joint are the capsular, plantar and collateral. 

The capsular ligaments surround the joints and are attached to the margins 
of the articular surfaces. Dorsally, they are blended with the deep surfaces 
of the tendons of the long extensors, and they are inseparable from the deep 
surfaces of the plantar and collateral ligaments. 

The plantar (accessory plantar) ligaments are thick, dense, fibrous structures. 
They are placed on the plantar surfaces of the joints in the intervals between 
the collateral ligaments, to which they are connected ; they are loosely united 
to. the metatarsal bones, but are firmly fixed to the bases of the proximal phal- 
anges. Their margins are continuous with the deep transverse ligaments of the 
sole, and their plantar surfaces are grooved for the flexor tendons, the fibrous 
sheaths of which are connected to the sides of the grooves ; the deep surfaces of 
the ligaments form parts of the articular facets for the heads of the metatarsal 
bones. 

The deep transverse ligaments of the sole (ligamenta capitulorum transversa) 
consist of four short, wide, flattened bands which connect the plantar ligaments 
of adjoining metatarsophalangeal joints to one another. Their dorsal surfaces 
are related to the interosseous muscles and their plantar aspects to the lumbri- 
cals and the digital vessels and nerves. They correspond closely to the deep 
transverse ligaments of the palm (p. 477), but, in addition, they are connected 
to the plantar ligament of the first metatarsophalangeal joint. 

The collateral ligaments are two strong, rounded cords, placed on the sides 
of the joints ; each is attached by one end to the dorsal tubercle on the 
side of the head of the metatarsal bone, and runs obliquely forwards and down* 
wards to reach the corresponding side of the base of the phalanx. 

The extensor tendons supply the place oi dorsal ligaments. 

Movements. — ^The active movements possible at the phalangeal joints are 
very similar to those permitted at the eorrespondiug joints in the hand but are 
more limited in their range. Flexion is a much freer movement than extension 
and is usually associated with adduction. Abduction is possible only when 
the toes are extended (c/. p. 478). As in the hand, the accessory mmemenis 
comprise gliding movements and rotation of the phalanges around their long 
axes. 

Muscles producing the movements. — In flexion, the flexor digitorum brevis, the 
lumbricals and the interossei are the active agents, assisted by the flexor digitorum 
longus and the accessorius (quadratus plantse). In the case of the little toe the 
flexor digiti minimi brevis assists, and in the case of the great toe the flexores 
hallucis longus et brevis are the only muscles concerned. 

In extension, the extensores digitorum longus et brevis and the extensor hallucis 
longus are the only active agents. 

In adduction and abduction, the line of reference passes through the second 
toe. The great toe is adducted by the adductor hallucis, and abducted by the 
abductor hallucis. The second toe is abducted to the medial side by the first 
dorsal interosseous muscle, and to the lateral side by the second. The third 
and fourth toes are abducted by the corresponding dorsal interossei and 
adducted by the first and second plantar interossei, respectively. The little 
toe is abducted by the abductor digiti minimi and adducted by the third 
plantar interosseous muscle. 


IX. THE JOINTS OF THE DIGITS 

The digital or interphalangeal joints are hinge- joiats, and each has a cap- 
sular, a plantar and two collateral ligaments. The arrangement of these liga- 
ments is similar to that in the metatarsophalangeal joints. The extensor 
tendons supply the places of dorsal ligaments. 

Movements. — ^The only active movements permitted in the joiats of the 
digits are flexion and extension ; these movements are freer between the 
proximal and middle phalanges than between the middle and distal. The 
amount of flexion is very considerable, but extension is limited by the tension of 
the flexor muscles and by the plantar ligaments. 

The accessory movements comprise abduction, adduction and rotation. 
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Muscles producing the movements : 

Flexion . — Flexores digitorum longus, brevis et accessorius (Quadratus 
plantse), Flexor hallucis longus. 

Extension. — Lumbricales, Interossei ' dorsales et plantares, Extensor 
hallucis longus. 


The Arches oe the Foot 

The foot has two important functions to perform. (1) It must support the 
weight of the body in standing. (2) It must act as a lever to propel the body 
forwards in walking. 

To fulfil the first function perfectly, the foot should lie flat on the ground 
and should be pliable enough to adapt itself to uneven surfaces. In actual 


Fig. 572. — The skeleton of the left foot. Medial aspect. 



fact, the foot of the child approaches this ideal much more nearly than the foot 
of the adult, which is, to a certain extent, permanently arched. 

To fulfil its second function the foot must be capable of transformation 
into a rigid lever which will not collapse under the body weight. A segmented 


Fig. 573. — The skeleton of the left foot. Lateral aspect. 



lever, such as the foot, can only withstand stress if it is built up into an arch 
form, and in active use, therefore, the muscles acting on the foot convert it 
into a complex but rigid, arched lever. The arches thus formed comprise a 
longitudinal arch, which is divisible into a medial and a lateral portion, and a 
transverse arch. In the average adult these arches do not flatten out completely 
when the muscles are relaxed, and they are therefore to that extent permanent. 
They vary in height in different subjects. 

The medial arch (fig. 572) is made up of the calcaneum, the talus, the navi- 
cular, the three cuneiform bones, and the first, second and third metatarsals. 
Its summit is at the superior articular surface of the talus, and its two extremi- 
ties or piers, on which it rests on standing, are the tubercles on the plantar 
surface of the calcaneum posteriorly, and the heads of the first, second and 
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third metatarsal bones anteriorly. The chief characteristic of this arch is its 
resilience, due to its height and to the number of joints between its component 
parts. The arch is dependent for its maintenance on the tibialis posterior, 
the flexor digitorum longus and flexor hallucis longus muscles, assisted by the 
small muscles in the sole of the foot. Flattening of the arch is resisted by the 
tension of these muscles and by the plantar aponeurosis and the plantar 
ligaments of all the joints concerned, including the plantar calcaneonavicular 
or ' spring ’ ligament (p. 511). 

The lateral arch (fig. 573) is composed of the calcaneum, the cuboid, and the 
fourth and fifth metatarsal bones. Its summit is at the talocalcanean articu- 
lation, and its chief joint is the calcaneocuboid, which allows only a limited 
movement. The most marked features of this arch are its solidity and its slight 
elevation ; it is supported by the peroneus longus and the short muscles of 
the little toe, and its integrity is preserved by the long and short plantar 
ligaments. 

In addition to the longitudinal arches the foot presents a series of transverse 
arches. At the posterior part of the metatarsus and the anterior part of the 
tarsus the arches are complete, but in the middle of the tarsus they present 
more the characters of half-domes the concavities of which are directed down- 
wards and medially, so that when the medial borders of the feet are placed in 
apposition a complete tarsal dome is formed. The transverse arches are 
supported by the short muscles of the first and fifth toes (especially the trans- 
verse head of the adductor hallucis), and by the peroneus longus, the tendon of 
which stretches between the piers of the arches, and are strengthened by the 
interosseous and plantar ligaments. 

It should be observed that in a normal foot the arches become flattened 
when the erect posture is assumed, and are restored when the weight of the 
body is taken off the feet. This resilience accounts for the suppleness of the 
normal foot and enhances the value of the arches by rendering possible such 
rapid and sudden movements as running and jumping. 

In the resting upright posture the feet take up the position of eversion, 
but the first metatarsal and medial cuneiform bones are elevated and rotated 
upwards relative to the rest of the foot (p. 514). The latter movement is essential 
to allow the lateral border of the everted foot to remain in contact with the 
ground, and it results in a flattening of the transverse arch of the foot. The 
medial longitudinal arch appears to be more flattened than can be accounted 
for by the elevation of the first metatarsal bone. This is due to the fact that 
in eversion the arch rolls over, as it were, to the medial side, so that its concavity 
faces laterally and downwards instead of directly downwards. 

When the posture is changed from the position of rest to one of activity, 
the foot becomes slightly inverted, the medial longitudinal arch is both apparently 
and actually raised and the transverse arch is accentuated by the action of the 
peroneus longus (p. 649). In this position the foot functions as an almost rigid 
but yet slightly resilient lever, as the fuU value of both arches can be utilised. 

It should be observed that when the foot is on the ground it is not free to 
move round the talus in the movements of eversion and inversion, and these 
movements are brought about, in large part if not entirely, by a twisting of the 
talus on the rest of the foot. This twisting is the result of rotation of the 
lower hmb, either at the knee or at the hip- joint, and is transmitted to the talus 
through the tibiofibular mortise. 

Applied ArwAow/y , — young children the foot appears to be completely flat in the rest- 
ing upright posture, owing to the fact that it is everted at the subtalar joints and supinated 
at the &st cuneometatarsal and cuneonavicular joints ; during activity, however, the 
arched form of the foot becomes at once apparent. In most adults, on the other hand, the 
foot does not flatten completely in the resting upright posture, for, with* increase of age, 
the arches become to some extent permanent structures. In some adults — ^particularly 
those with long and narrow feet — ^the foot appears to be abnormally flat in the resting 
posture, but the arches become apparent during activity. The functions of the foot are 
not impaired, but, despite this fact, these cases are often described as exhibiting a ‘ first 
degree flat foot.’ 

There are two varieties of flat foot associated with marked impairment of function . In 
the first the flat, everted position assumed during rest persists when the resting posture^ 
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is changed to one of activity, although the foot can still assume a normal arched form 
when not bearing weight. In this variety the deformity is purely postural and is due 
to loss of muscle tone and lack of muscular coordination. It is commonly associated with 
pain which is due to stretching of the plantar ligaments of the joints of the foot. The 
condition is often a local manifestation of a general postural deficiency, and its cure therefore 
depends upon correction of bad postural habits and re-education of the muscles. 

In the second variety the flat, everted position of the foot becomes fixed as a result either 
of persistent muscle spasm or of joint stiffness following some inflammatory process. Such 
cases are described as ‘ rigid flat foot,’ as the arched form of the foot cannot be produced 
even by passive movements. 



MYOLOGY 


M uscular tissue is known to the layman as ‘ flesh \ and it is most familiar 
to him as the lean parts of a joint of meat. There are three varieties of 
muscular tissue : (1) stripped or voluntary, (2) unstriped or plain, and (3) cardiac. 
The microscopical characters of these tiiree varieties have been described in a 
previous section (pp. 32 to 36). This section deals only with voluntary 
muscle. 

The individual fibres of voluntary muscle with their sheaths of sarcolemma 
(p. 32) are bound together into bundles or fasciculi by a connective tissue 
covering, termed the perimysium. Groups of fasciculi are in turn bound to- 
gether by a similar but denser covering, termed the epimysium, and these groups 
form the individual voluntary muscles of the body. The voluntary muscles of 
the eyeball, ear, tongue, palate, larynx and pharynx are considered along with 
the anatomy of the organs concerned, but all the other voluntary muscles qf 
the body wiU be included in this section. 

All muscular tissue possesses the property of contractility, and movements 
of the body as a whole or of any of its parts are effected by the active con- 
traction of a group or groups of voluntary muscles. 

Attachments. — In order that a muscle may exercise its function of producing 
movements, it must be attached at both of its extremities. When a muscle 
contracts, one of its attachments remains relatively stationary, while the other 
is approximated to it. The term origin is used to designate the more fixed 
attachment and the term insertion to designate the movable point at which the 
force of the muscle is applied. As a general rule, so far as the limbs are con- 
cerned, the origin is the more proximal extremity of a muscle and the insertion 
the more distal. In accordance with these definitions the contraction of a muscle 
results in the approximation of its insertion to its origin, but the terms are 
arbitrary and used for convenience only, and it frequently happens that the 
contraction of a muscle may result in the approximation of its origin to its 
insertion. The Gluteus maximus provides an illustration of this fact. When 
it assists in extending the flexed thigh, its insertion into the gluteal tuberosity 
of the femur is then approximated to its origin from the dorsal surface of the 
sacrum. On the other hand, when the body is bent forwards at the hips, the 
Glutei maximi play the principal part in restoring it to the erect posture and, 
in this mov'ement, the origin is approximated to the insertion. 

The voluntary muscles are attached to the bones, cartilages, ligaments, skin 
or to other muscles, either directly or through the medium of fibrous structures 
called tendons and aponeuroses. Where a muscle is attached directly to bone 
or cartilage, the perimysium blends with the periosteum or perichondrium so 
that the fieshy fibres do not actually come into direct relation with the osseous 
or cartilaginous tissue, although they may appear to do so. Where muscle fibres 
are inserted iuto skin, e.g. the muscles of facial expression, they lie as a flattened 
layer on its deep surface and their perimysium blends with the subcutaneous 
areolar tissue. It may be noted that in such cases the insertion is incapable of 
becoming the fixed point, so that contraction always approximates the insertion 
to the bony origin. 

Most muscles are provided with tendons at one or both extremities. Tendons 
are known to the layman as ‘ sinews ’ or ‘ leaders ’ ; they consist of white fibrous 
tissue (p. 10) and are usually cord- or band-Uke in appearance. In flat, sheet- 
like muscles which have a wide area of attachment a relatively thin but strong 
fibrous sheet takes the place of a cord-like tendon and is termed an aponeurosis. 
Where no tendon or aponeurosis can be seen with the naked eye, the attachment 
appears to be fleshy in character, but, as already stated, it is actually effected 
through the medium of the fusion of the perimysium with the periosteum qr 
perichondrium. 

Where one muscle is attached to another, the character of the connexion 
may be fleshy, tensions or aponeurotic. (1) The fleshy fibres may interlace, 
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e.g. the mylohyoid muscles, and the perimysium of the one fuses with the 
perimysium of the other. (2) The two muscles may be connected by a common 
tendon. Such muscles are termed digastric and the two fleshy bellies are usually 
set at an angle which is maintained by a fascial loop thrown round the tendon 
from an adjoining bony point. (3) The two niuscles may be connected by the 
interlacement of the fibres in their aponeuroses, e.g. the muscles of the abdominal 
wall. 

Attachments of muscles exert a definite influence in the modelling of the 
bones of the skeleton and, when the attachment is tendinous in character, 
localised, elevated areas are usually present. On the other hand, when the 
muscle is attached by fleshy fibres the bony surface is smooth, and shows no 
co^esponding elevations. 

The muscles of the limbs with very few exceptions are inserted immediately 
distal to the joint on which they exert their principal action. This arrange- 
ment imphes a loss of mechanical advantage, but what is lost in power is gained 
in the speed with which the hand or the foot, as the case may be, is moved 
over a wide range. For example, when the Brachialis muscle contracts, its in- 
sertion into the coronoid process of the ulna moves round an arc of a circle with 
a very short radius, but in the same period of time the hand moves round 
the corresponding arc of a circle whose radius is the length of the forearm and 
hand. 

Muscular form. — The form of a muscle depends on the number and arrange- 
ment of its constituent fibres. When the fibres are arranged parallel or nearly 
parallel to what may be termed the ‘ line of pull ’ of the muscle, the full advan- 
tage of the muscular contractility is available and the maximum range is 
obtained. Such muscles may be quadrilateral, like the Thyrohyoid ; fusiform, 
Hke the Flexor carpi radialis ; or strajplike, such as the Sartorius. If,, on the 
other hand, the fibres are arranged obliquely in relation to the ' line of puU ’, 
the range is diminished, for the force of the muscular action can then be resolved 
into two components, one acting in the ‘ line of puU ’ and the other at right 
angles to it and therefore valueless so far as the range of the muscle is con- 
cerned. This oblique arrangement of the fibres is seen {a) in unipennate muscles 
such as the Flexor pollicis longus, in which the tendon of insertion extends 
upwards along one border of the muscle, (b) in bipennate muscles, such as the 
Rectus femoris, where the tendon extends upwards through the middle of the 
muscle, and (c) in multipennate muscles, such as the Deltoid, where a number of 
extensions pass upwards into the muscle from its tendon of insertion. The same 
arrangement is seen (d) in triangular muscles, such as the Temporalis, in which 
the muscular fibres converge on an apical tendon. As a rule the various forms 
of pennate and triangular muscles contain a larger number of fibres than fusi- 
form, quadrilateral or straphke muscles, and they are found in situations where 
increased power is essential, because the power of a muscle is directly propor- 
tionate to the number of its constituent fibres. 

Muscular contraction. — ^When a muscle is called on to participate actively 
in the production of a movement, all of its fibres are not necessarily thrown 
Into contraction, for it adapts itself to the work which it is required to perforni, 
and the more vigorous the effort demanded, the greater the number of fibres 
involved. During contraction a muscle fibre may shorten by thirty to forty 
per cent, of its uncontracted length.* As all the fibres in a given muscle are 
attached by one end to the tendon of origin, or its prolongation into the muscle, 
and by the other to the tendon of insertion, the maximum amount of shortening 
of the muscle is equal to the maximum amount of shortening of any one fibre, 
provided that aU the fibres in the muscle are uniform in length, e.g. Sartorius. 
Owing to the rigidity of the bones, the amount of shortening possible is only a 
small percentage gf the distance between the origin and the insertion, and the 
length of muscle fibres is adapted to their requirements. When, therefore, the 
muscle fibres are arranged parallel to the ‘ line of pull,’ the muscular belly may 
be relatively short, and it is then provided with a long tendon — an arrangement 
which is both economical and efficient, for muscle tissue has a high metabolic, 
rate and white fibrous tissue a low one. 

* According to R. Wheeler Haines, J ournal of Anatomy, vols. Ixvi. and Ixix., muscle 
fibres normally contract to 57 per cent, of their length when fully stretched. 
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Muscular actions. — Theoretically a muscle is capable of acting on every joint 
over which it passes, and the particular movements in which it takes part depend 
on the relationship of its ‘ line of pull ’ to the axes of the movements of the joint. 
For example, a muscle which passes in front of the transverse axis of the 
shoulder- joint will take part in the movement of flexion and, if it passes below 
the joint, it will also take part in adduction. It is movements, however, and 
not individual muscles which are represented in the cerebral cortex and it does 
not follow that a muscle will participate in a given movement because the 
mechanics of its attachments enable it to do so. 

When a movement is carried out, a definite combination of muscles is 
called into play, and no muscle can be omitted nor can one be added, volun- 
tarily. One muscle or more of the combination is the pnmc mover, and its 
active contraction necessarily involves the relaxation of its ardagonisL The 
full effect, however, of the contraction of a prime mover can be obtained 
only when one of its attachments (usually the origin) is fixed ; therefore, 
in the case of limb movements, every contraction of the prime movers is 
accompanied by the contraction of groups of fiacation rrmscles. For example, 
the Deltoid is the prime mover in abduction of the arm and it can exert its 
full effect only when its clavicular and scapular origins are fixed. As a result 
abduction of the arm is always accompanied by contraction of muscles inserted 
into the scapula ; and they are the fixation muscles for that movement. 
Some muscles pass over several joints, although they are prime movers of one 
joint only ; and it may be necessary to counteract the effect of their action on 
the intermediate joints in the interests of efficiency. For this purpose a group 
of synergic muscles is brought into play. When the fist is clenched firmly, the 
prime movers are the fiexors of the ffiigers, the flexors and adductor of the 
thumb and the Opponens poUicis muscle. The long flexors pass in front of the 
wrist-joint and are able to flex that joint, but only at the expense of the power 
with which they act on the digits. The extensors of the wrist, which are the 
synergic muscles for the movement, are therefore thrown into contraction in 
order to steady the wrist and obviate this loss of power. It should be observed, 
however, that there is no essential difference between fixation and synergic 
musclesj in so far as they both prevent waste of power and loss of efficiency on 
the part of the prime movers. 

Under certain conditions the muscular groups which are called into play 
for some movements are profoundly altered by the action of gravity. When 
the body is in the erect posture flexion of the trunk is initiated by the ventral 
muscles, but thereafter the movement is carried out by the action of gravity, 
Controlled and regulated by the Sacrospinales. The abducted arm is brought 
down to the side in a similar manner. In this instance the , action of gravity 
is controlled by the Deltoid muscle, and the adductor muscles do not participate 
in the movement unless resistance is encountered. 

It will now be apparent that the efficient performance of any movement 
depends on the proper co-ordination of prime movers, antagonists and fixation 
and synergic muscles, and this co-ordination is ensured by the manifold con- 
nexions which exist within the central nervous system. 

Types of muscle fibres. — ^Many bivalves are provided with two distinct types 
of voluntary muscle. The one consists of pale fibres, which are capable of rapid 
contraction and have a high metabolic rate. They come into play to effect the 
closure of the shell. The other type consists of dark, red fibres, which contract 
more slowly and have a lower metabolic rate. They maintain the movement 
inaugurated by the pale fibres and their function is to keep the shell closed. 
In man and other vertebrates both pale and red fibres are present in all the 
voluntary muscles, but in varying proportions. It has been estimated that in 
some muscles, e.g. the Gastrocnemius, the pale fibres predominate, while in 
others, e.g. the Soleus, the red fibres are in the majority, and it has been sug- 
gested that some muscles are concerned with the initiation and performance 
of movements, while others are mainly postural, i.e. their function is to main- 
tain the position so acquired. 

Muscle tonus. — ^Living muscle never becomes fully relaxed, except under 
the influence of narcotic drugs, but is constantly in a condition of very sfight 
contraction, the degree of wluch is subject to variation with the stat6 of health 

a.A. 
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of the individual. This ’ property of muscle tissue is termed 'muscle tonus/ 
and it has an important function to perform in connexion with posture. T'hus 
the tonus of the deep muscles of the calf of the leg is responsible, to a very 
large extent, for the maintenance of the arches of the foot : the head is kept 
poised on the top of the vertebral column by the balance of the tonus of the 
flexor and extensor muscles : the abdominal viscera are maintained in place 
by the pressure exerted by the normal tonus of the abdominal muscles. 

As a result of the possession of tonus, muscles have no slack to take in when 
they are required to contract, and movements can therefore be carried out 
without any initial lag. 


THE TENDONS, APONEUROSES AND FASCIA 

The tendons are tough, whitish cords, •varying in length and thickness, and 
devoid of elasticity. They consist almdst entirely of white fibrous tissue, the 
fibrils of which have an undulating course paraUel with each other and are 
firmly united together. They are very sparingly supplied with blood-vesSels, 
the smaller tendons having in their interior no trace of them. Nerves supplying 
tendons end in what are known as neiirotendinous spindles or organs of Golgi ; 
these are described with the organs of the senses. 

The aponeuroses are flattened or expanded tendons, of a pearly- white colour, 
iridescent and often glistening ; they are only sparingly supphed with blood- 
vessels. 

‘ The tendons and aponeuroses connect the muscles with the structures to be 
moved, such as the bones and cartilages. Where the end of a muscle is continued 
directly into a tendon, the line of junction between the two is usually well- 
defined, but where the muscle meets the tendon obliquely, bundles of tendon 
fibres generally run for a variable distance into the substance of the muscle, 
so that the line of junction is irregular. Microscopic examination shows that, 
in either case, the tendon is subdivided into small bundles, corresponding in 
size and number with the fibres of the muscle. Each muscular fibre ends in 
a more or less rounded extremity covered with sarcolemma, and the fibres of 
each tendon bundle are intimately united with the sarcolemma covering the 
end of the muscular fibre. The mode of union is well shown when the muscle 
fibre has shrunk inside its sarcolemma. 

In situations where a muscle has to bend round a bony point to reach its 
insertion, the fleshy fibres cease before the change of direction begins so that 
the part subjected to pressure at the bend is tendinous in character. Friction 
is obviated by the provision of a synovial sheath or bursa (p. 428). 

The fasciae are fibro-areolar, membranous laminse, of variable thickness and 
strength, found in all regions of the body, investing the softer and more delicate 
organs. During the process of development many of the cells of the mesoderm 
are differentiated into bones, muscles, vessels, etc. ; the cells of the mesoderm 
which are not so utilised form an investment for these structures and are 
differentiated into the true skin and the fasciae of the body. The fasciae are 
subdivided into superficial and deep. 

The superficial fascia is found immediately beneath the skin over the 
entire surface of the body. It connects the skm to the subjacent parts, and 
consists of fibro-areolar tissue, containing in its meshes pellicles of fat in varying 
quantity. It varies in thickness in different parts of the body ; in the groin 
it is so thick that it may be subdivided into several laminaB. It facilitates the 
movement of the skin', serves as a soft bed for the passage of vessels and nerves 
to the skin, and retains the warmth of the body, since fat is a bad conductor 
of heat. Beneath the fatty layer there is generally another layer of superficial 
fascia, almost devoid of adipose tissue, in which the trunks of the subcutan- 
eous vessels and nerves and the superficial lymph-glands are found. Certain 
cutaneous muscles are situated in the superficial fascia, e.g. the Platysma and 
the muscles of the face. The superficial fascia is most distinct at the lower part 
of the abdomen, in the perineum, and in the limbs ; it is very thin on the 
dorsal aspects of the hands and feet, on the side of the neek, in the face, and 
around the anus. It is very dense in the scalp, palms of the hands, and soles 
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of the feet, forming a fibro-fatty layer which binds the skin firmly to the 
underlying structures. 

The deep fascia is a dense, inelastic membrane, forming sheaths for the 
muscles, and in some cases affording them broad surfaces for attachment. It 
consists of bundles of white fibrous tissue, placed parallel with one another 
and connected together by other fibres disposed in a rectilinear manner. It 
forms a strong investment which not only binds down collectively the muscles 
in each region, but may give a separate sheath to each, and to the vessels and 
nerves as weU. It assists the muscles in their actions by the degree of tension and 
pressure it makes upon their surfaces ; in certain situations the degree of 
tension and pressure is regulated by muscles inserted into it, as, for instance, 
by the Tensor fasciae latae and Gluteus maximus in the thigh, and the Palmaris 
longus in the hand. In the limbs, the fascia not only invests the limb, but 
gives off septa which separate the various muscles, and are attached to the peri- 
osteum : these prolongations of fasciae are usually spoken of as intermuscular 
septa. 

In some situations the deep fascia shows a localised thickening, consisting 
largely of transversely running fibres. These are termed retinacv^ and they 
form retaining bands in the neighbourhood of the wrist and ankle joints to hold 
down the tendons. They are attached to the adjoining bony pro min ences and 
they help to form osteofibrous canals through which the tendons pass. When 
the muscles concerned contract vigorously, and bring about movements of the 
hand or foot, the tendons pull against the retinacula, which function as pulleys 
and serve to prevent loss of power. Synovial sheaths are provided for the ten- 
dons in these situations in order to obviate friction. 

Similar fascial thickenings occur in the palm of the hand and the sole of 
the foot and on the flexor surfaces of the digits. In the first two situations, 
in addition to exercising a restraining effect on the tendons, they have a pro- 
tective function. 

The fascise and muscles may be grouped into those of the head and neck ; 
of the trunk ; of the upper limb ; and of the lower limb. 

THE PASCI^ AM) MUSCLES OP THE HEAD 
I. The MtJScnES oe Pacial Expression 
(A) TJie Muscles of the Scalp 
OccipitoJfrontalis (Epicranius) 

The superficial fascia in the scalp is a firm, fibro-fatty layer, intimately 
adherent to the skin, and to the underlying Occipitofrontalis muscle and its 
aponeurosis ; behind, it is continuous with the superficial fascia at the back of 
the neck ; laterally, it is prolonged into the temporal region, where it is looser 
in texture. 

The Occipitofrontalis (Epicranius) is a broad, musculofibrous layer which 
covers the top of the skull, from the nuchal lines to the eyebrows. It consists 
of four bellies — ^two occipital and two frontal — connected by an intervening 
aponeurosis, termed the epicranial aponeurosis (galea aponeurotica). 

Each Occipital belly y thm and qua^ilateral in form, arises by tendinous fibres 
from the lateral two-thirds of the highest nuchal line of the occipital bone, and 
from the mastoid part of the temporal bone. It ends in the epicranial apo- 
neurosis. 

Each Frontal belly (fig. 574) is thin, of a quadrilateral form, and intimately 
adherent to the superficial fascia. It is broader than the Occipital belly and its 
fibres are longer and paler in colour. It has no bony attachments. Its medial 
fibres are continuous with those of the Procerus ; its intermediate fibres blend 
with the Corrugator and Orbicularis oculi ; and its lateral fibres are also blended 
with the latter muscle over the zygomatic process of the frontal bone. Prom 
these attachments the fibres are directed upwards, and join the epicranial 
aponeurosis in front of the coronal suture. The medial margins of the Prontal 
bellies are joined together for some distance above the root of the nose ; but 
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between the Occipital bellies there is a considerable, though variable, interval, 
occupied by an extension of the epicranial aponeurosis. 

The epicranial aponeurosis (galea aponeurotica) (fig. 575) covers the upper 
part of the cranium ; behind, it is attached, in the interval between the Occipital 
bellies, to the external occipital protuberance and highest nuchal line of the 
occipital bone ; in front, it sends a short and narrow prolongation between the 
Frontal bellies. On each side it gives origin to the Auriculares anterior et sup- 
erior ; in this situation it becomes thinner, and is continued over the temporal 


Fig. 574. — ^The muscles of the scalp and face. Right lateral aspect. 
Frontal helly of Occipitofroraalis 
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fascia to the zygomatic arch. It is closely united to the skin by the firm, fibro- 
fatty superficial fascia ; it is connected to the pericranium by loose cellular 
tissue which allows of the movement of the epicranial aponeurosis, the latter 
carrying with it the skin of the scalp. 

Nerve-supply. — ^The Occipital belly is supplied by the posterior auricular 
branch, and the Frontal belly by the temporal branches, of the facial nerve. 

Actions. — ^The Occipital bellies draw the scalp backwards ; the Frontal 
bellies acting from above raise the eyebrows and the skin over the root of the 
nose ; acting from below they draw the scalp forwards, throwing the integument 
of the forehead into transverse wrinkles. The Occipital and Frontal bellies, 
acting alternately, move the entire scalp backwards and forwards. In the ordin- 
ary action of the Frontal bellies the eyebrows are elevated, thus giving to the 
face the expression of surprise : if the action be exaggerated, the eyebrows are 
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still farther raised, and the skin of the forehead thrown into transverse wrinkles, 
as in the expression of fright or horror. 

A thin muscular slip, termed the Tra%svB.TSus nuchce, is present in about 
25 per cent, of cases ; it arises from the external occipital protuberance or from 
the superior nuchal line, either superficial or deep to the Trapezius ; it is fre- 
quently inserted with the Auricularis posterior, but may join the posterior 
edge of the Stemomastoid. 

Applied Anatomy . — ^The scalp consists of five layers, viz. the skin, subcutaneous tissue, 
Occipitofrontalis and its aponeurosis, subaponeurotic areolar tissue, and pericranium (fig. 
575). But from a surgical standpoint it is better to regard the first three of these as a single 
layer, since they are all intimately united, and when tom off in an accident, or turned 
down as a flap in a surgical operation, remain firmly connected to each other. In con- 
sequence of the dense character of the subcutaneous tissue, the amount of swelling which 

Fig. 675. — A coronal section through the scalp and skull. Diagrammatic. 



occurs as the result of inflammation is shght ; and a wound which does not involve the 
Occipitofrontalis or its aponeurosis does not gape. The blood-vessels which lie in this tissue 
do not contract when wounded, and therefore the haemorrhage from scalp wounds is often 
very considerable. It can, however, always be arrested by pressure — a matter of great 
importance, as, owing to the retraction of the cut ends, it is often very difficult or impossible 
to pick up with forceps a wounded vessel in the scalp. 

The subaponeurotic areolar tissue is, from a surgical point of view, of considerable 
importance. It is loose and lax, and is easily tom through ; and hence, in wounds of the 
scalp, it is this tissue which is tom when the flap is separated from the parts beneath. The 
vessels are contained in the flap, and there is little risk of sloughing, unless the vitality of 
the part has been actually destroyed by the injury. 


{B) The Muscles of the Eyelids 

Levator palpebrse superioris. Orbicularis oculi. Corrugator. 

The Levator palpebrae superioris is described with the anatomy of the eye. 

The Orbicularis oculi (figs. 574, 576) is a broad, flat, elliptical muscle which 
occupies the eyelids, surrounds the circumference of the orbit, spreads over the 
temporal region, and downwards on the cheek. It consists of three main por- 
tions — orbital, palpebral and lacrimal. 

The orbital portion of the Orbicularis oculi, of a reddish colour and thicker 
than the palpebral portion, arises from the nasal part of the frontal bone, from 
the frontal process of the maxilla’ (fig. 577), and from the medial palpebral 
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Fia. 576. — The left Orbicularis oculi. Posterior aspect. 
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ligament, which interrupts the line of the bony origin. Its fibres form complete 
ellipses without interruption on the lateral side, the upper fibres blending with 
the Frontal belly of Occipitofrontalis and the Corrugator. 

The palpebral portion of the Orbicularis oculi is thin and pale ; it arises from 
the mechal palpebral ligament, chiefly from its superficial and partly from its 
deep surface, but not from its lower margin ; it arises also from the bone im- 
mediately above and below the ligament. The muscular fibres sweep across 
the eyelids in front of the orbital septum and at the lateral commissure inter- 
lace to form the lateral palpebral raphe. A small bundle of very fine fibres 
lies close to the margin of each eyelid, behind the eyelashes ; it is named the 
ciliary bundle. 

The lacrimal portion of the Orbicularis oculi (Tensor tarsi) lies behind the 
lacrimal sac, but is separated from it by the lacrimal fascia. It arises from 
the fascia covering the lacrimal sac, from the upper part of the crest of the 
lacrimal bone, and from the adjacent part of the lateral surface of the lacrimal 
bone (fig. 576). Passing laterally behind the lacrimal sac the muscle divides into 
an upper and a lower sHp ; some of the fibres of these slips are inserted into 
the tarsi of the eyelids and are closely related to the lacrimal canaliculi, but 
most of them are continued across the eyelids in front of the tarsi and interlace 
in the lateral palpebral raphe. 

The medial palpebral ligament^ about 4 mm. in length and 2 mm. in breadth, 
is attached to the frontal process of the maxilla in front of the nasolacrimal 
groove. Crossing the lacrimal sac, it divides into an upper and a lower part, 
which are attached to the medial end of the corresponding tarsus. It is separated 
from the lacrimal sac by the lacrimal fascia. 

The lateral palpebral raphe is a much weaker structure than the medial 
palpebral ligament. It is formed by the interlacing of the lateral ends of the 
palpebral fibres of the Orbicularis oculi, strengthened on its deep surface by 
the orbital septum. A few lobules of the lacrimal gland lie between it and the 
more deeply placed lateral palpebral ligament (WhitnaU). 

Nerve-supply. — ^The Orbicularis ocidi is supplied by the temporal and zygo- 
matic branches of the facial nerve. 

Actions. — ^The Orbicularis oculi is the sphincter muscle of the eyelids. The 
palpebral portion acts involuntarily, closiog the lids gently, as in sleep or in 
blinking ; the orbital portion is subject to the will. When the entire muscle is 
brought into action, the skin of the forehead, temple, and cheek is drawn 
towards the medial angle of the orbit, and the eyehds are firmly closed. The 
skin thus dravm upon is thrown into folds, especially radiating from the lateral 
angle of the eyelids ; these folds become permanent in old age, and form the 
so-called ‘ crow’s feet.’ The Levator palpebrse superioris is the direct antagonist 
of this muscle since it raises the upper eyelid and exposes the front of the bulb 
of the eye. . The lacrimal part of the Orbicularis oculi draws the eyelids and the 
papillae lacrimales medially, and directs them into the lacus lacrimalis ; at 
the same time it exerts traction on the lacrimal fascia and so dilates the lacrimal 
sac. 

The Corrugator is a small pyramidal muscle, placed at the medial end of the 
eyebrow, deep to the Frontal belly of Occipitofrontalis and to the Orbicularis 
oculi. It arises from the medial end of the superciliary arch ; and its fibres pass 
laterally and slightly upwards, and are inserted into the deep surface of the skin, 
above the middle of the orbital arch. 

Nerve-supply. — The Corrugator is supplied by the temporal branches of the 
facial nerve. 

Actions. — ^The Corrugator draws the eyebrow medially and downwards, 
producing the vertical wrinkles of the forehead. It is the ‘ frowning ’ muscle, 
and may be regarded as the principal muscle in the expression of suffering. 

{G) The Muscles of the Nose (fig* 574) 

Procerus. Depressor septi. 

Compressor naris. Dilator haris. 

The Procerus is a small pyramidal slip continuous with the medial part of 
the Frontal beUy of the Occipitofrontalis. It arises from the fascia covering the 
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lower part of the nasal bone and the upper part of the upper nasal cartilage ; 
it is inserted into the skin over the lower part of the forehead between the two 
eyebrows. 

Actions. — The Procerus draws down the medial angle of the eyebrow and 
produces the transverse wrinkles over the bridge of the nose. 

The Compressor naris (Nasalis, pars transversa) arises from the maxilla, 
above and lateral to the incisor teeth ; its fibres proceed upwards and medially 
and expand into a thin aponeurosis, which is continuous on the bridge of the 
nose with that of the muscle of the opposite side, and with the aponeurosis of 
the Procerus. 

Actions, — The Compressor naris compresses the nasal aperture at the 
junction of the vestibule with the nasal cavity. . 

The Dilator naris * (Nasalis, pars alaris) arises from the maxilla below and 
medial to the origin of the Compressor naris, and is inserted into the ala nasi. 

Actions. — ^The, Dilator naris draws the ala downwards and laterally, and so 
assists in widening the anterior nasal aperture. 

The Depressor septi, whichds often regarded as a constituent portion of the 
Dilator naris, arises from the maxilla above the central incisor tooth ; its fibres 
ascend to be inserted into the septum mobile nasi. It hes ^between the mucous 
membrane and muscular structure of the lip. 

Actions. — The Depressor septi assists the Dilator naris to widen the nasal 
aperture. / 

Nerve-supply. — ^AU the muscles of this group are supplied by the upper 
buccal branches of the facial nerve. 

(D) The Muscles of the Mouth (fig. 574) 

Levator labii superioris alaeque nasi.f 
Levator labii superioris.f 
Zygomaticus minor .f 
Levator anguh oris. 

Zygomaticus major. 

Risorius. 

The Levator labii superioris alaeque nasi f arises from the upper part of the 
frontal process of the maxilla, and passing obliquely downwards and laterally 
divides into medial and lateral shps. The medial shp is inserted into the lower 
nasal cartilage (greater, alar cartilage) and skin of the nose ; the lateral slip is 
prolonged into the lateral part of the upper hp, and blends with the Levator 
labii superioris and with the Orbicularis oris. 

Actions. — The lateral slip raises and everts the upper hp ; the medial slip 
acts as a dilator of the nostril. 

The Levator labii superioris f arises from the lower margin of the orbital 
opening immediately above the infra-orbital foramen, some of its fibres arising 
from the maxilla and others from the zygomatic bone. Its fibres converge to 
be inserted into the muscular substance of the upper hp between the lateral slip 
of the Levator labii superioris alaeque nasi and the Levator anguh oris. 

Actions. — The Levator labh superioris raises and everts the upper hp. 
It assists the Zygomaticus minor to form the nasolabial furrow, which passes 
from the side of the nose to the upper hp and gives to the face an expression of 
sadness. 

The Zygomaticus minor f arises from the lateral surface of the zygomatic 
bone immediately behind the zygomaticomaxillary suture, and passes down- 
wards and medially to be inserted into the muscular substance of the upper hp. 
It is separated from the Levator labh superioris by a narrow interval (fig, 574). 

Actions. — The Zygomaticus minor assists in elevating the upper lip and in 
the production of the nasolabial furrow. When the Levator labii superioris 

* The Dilatatores naris (B.N.A.) are represented by a few, poorly developed musctilar 
slips which arise from the margin of the anterior bony aperture of the nose and the adjoining 
nasal cartilages and are inserted into the skin near the margin of the nostril. 

t In the B.N.A. the Levator labii superioris alaeque nasi, the Levator labii superioris 
and the Zygomaticus minor are grouped together and are termed the angular, infra-orhital 
and zygomatic, heads, respectively, of the Quadratus labii superioris. 


Mentahs. 

Depressor labii inferioris. 
Depressor anguh oris. 
Buccinator. 

Orbicularis oris. 
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alseq^iie nasi, the Levator labii superioris and the Zygomaticus minor are in 
action together they give to the countenance the expression of contempt and 
disdain. 

The Levator anguli oris (Caninus) arises from the canine fossa, just below 
the infra-orbital foramen, and is inserted into the angle of the mouth, in- 
termingling with the fibres of the Zygomaticus major, Depressor anguli 
oris (Triangularis), and Orbicularis oris. Between the Levator anguli oris 
and the Levator labii superioris are the infra-orbital vessels and plexus of 
nerves. 

Actions. — ^The Levator anguli oris raises the angle of the mouth and assists 
in producing the nasolabial furrow. 

The Zygomaticus major (Zygomaticus) arises from the zygomatic bone, in 
front of the zygomatico-temporal suture, and is inserted into the angle of the 
mouth, where it blends with the fibres of the Levator anguli oris (Caninus), 
Orbicularis oris, and Depressor anguli oris (Triangularis). 

Actions. — ^The Zygomaticus major draws the angle of the mouth upwards 
and laterally as in laughing. 

Nerve-supply. — ^AU the- five preceding muscles are supplied by the buccal 
branches of the facial nerve. 

The Mentalis is a conical fasciculus, situated at the side of the frenulum of 
the lower lip. It arises from the incisive fossa of the mandible and descends to 
be inserted into the skin of the chin. 

Actions. — ^The Mentalis raises and protrudes the lower lip, and at the same 
time wrinkles the skin of the chin, expressing doubt or disdain. 

The Depressor labii inferioris (Quadratus labii inferioris) is a quadrilateral 
muscle. It arises from the oblique line of the mandible, between the symphysis 
menti and the mental foramen, and passes upwards and medially, to be inserted 
into the skin of the lower hp, its fibres blending with those of its fellow of the 
opposite side and with the Orbicularis oris. At its origin it is continuous with 
the fibres of the Platysma. Much yellow fat is intermingled with the superficial 
fibres of this muscle.* 

Actions. — The Depressor labii inferioris draws the lower lip downwards and 
a little laterally, as in the expression of irony. 

The Depressor anguli oris (Triangularis) arises from the oblique line of the 
mandible, below and lateral to the Depressor labii inferioris ; its fibres converge 
and are inserted by a narrow fasciculus into the angle of the mouth. At its 
origin it is continuous with the Platysma, and at its insertion with the Orbi- 
cularis oris and Risorius ; some of its fibres are directly continuous with those 
of the Levator anguli oris (Caninus), and others are occasionally found crossing 
from the muscle of one side to that of the other ; these latter fibres constitute 
the Transversus menti. 

Actions. — The Depressor anguli oris draws the angle of the mouth downwards 
and laterally. 

Nerve-supply, — ^The Mentalis, the Depressor labii inferioris and the Depressor 
anguli oris are all supplied by the mandibular branch of the facial nerve. 

The Buccinator (fig. 678) is a thin quadrilateral muscle, occupying the 
interval between the maxilla and the mandible, at the side of the face. It arises 
from the outer surfaces of the alveolar processes of the maxilla and mandible, 
opposite to the three molar teeth ; and, behind, from the anterior border of 
the pterygomandibular ligament (pterygomandibular raphe), which separates 
the muscle from the Superior constrictor of the pharynx. Between the tuber- 
osity of the maxilla and the upper end of the pterygomandibular ligament, a 
few fibres arise from a fine tendinous band which bridges the interval between 
the maxilla and the pterygoid hamulus. The tendon of the Tensor palati on its 
way to the soft palate pierces the pharyngeal wall in the small gap which lies 
behind this tendinous band. The fibres of the Buccinatdr converge towards the 
angle of the mouth, where the central fibres intersect each other, those from 
below being continuous with the upper segment of the Orbicularis oris, and 

* The Zygomaticus major and minor and the Levator labii superioris are sometimes 
more or less <K)ncealed by a thin sheet of muscle, named the Musculus malaris, and continu- 
ous with the Orbicularis oculi. (Consult an article on the facial muscles, etc., by G. H. S. 
LightoUer, Journal of Anatomy, vol. lx. 1925.) 
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those from above with the lower segment ; the highest and lowest fibres are 
continued forward into the corresponding lip without decussation. 

Relations. — The Buccinator is on the same plane as the Superior Constrictor of the 
pharynx and is covered by the buccopharyngeal fascia. It is in relation by its superficial 
surface, behind,' with a large mass of fat, which separates it from the ramus of the mandible, 


Fig. 578. — ^The Buccinator and the muscles of the pharynx. 


MmUMry artery 
Lateral pterygoid plate 


Tensor palati 
Mandibular nerve \ 

\ 

Middle meningeal artery \ 


Levator palati' 

Branch of ascending pharyngeal'^ 
artery ^ 

Pterygoid hamulus 


Stylopharyngeus 

Styloglossus 
Glossopharyngeal nerve 
Branch cf facial artery. 



Greater horn of hyoid bone' 

Lateral ihyrohyoid ligament' 
Cartilago triticea 

Internal laryngeal nerve 
Superior laryngeal vessels 


Less&r horn cf hyoid bone 
'Body (f hyoid bone 
Thyrohyoid mmXyrane 


othyroid ligament 
■othyroid m. 


Irtf'erior laryngeal artery. 
Recurrent laryngeal nerve 
(Esophagus- 


the Masseter and a small portion of the Temporalis ; this fat has been named the suctorial 
pad, because it is supposed to assist in the act of sucking. In front the superficial surface 
of the Buccinator is in relation with the Zygomaticus major, Bisorius, Levator and Depressor 
anguli oris, and the parotid duct, which pierces it opposite the second molar tooth of the 
maxilla ; the facial (external maxillary) artery and anterior facial vein cross it from below 
upwards ; it is also crossed by branches of the facial and buccal nerves. The deep surface is 
in relation with the buccal glands and mucous membrane of the mouth. 

Nerve-supply. — The Buccinator is supplied by the lower buccal branches of 
the facial nerve. 
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Actions. — The Buccinator muscles compress the cheeks against the teeth, 
so that during the process of mastication the food is kept under the immediate 
pressure of the teeth. When the cheeks have been previously distended with 
air, the Buccinators expel it between the lips, as in blowing a trumpet ; hence 
the name {huccina, a trumpet). 

The pterygomandibular ligament (pterygomandibular raphe) is a tendinous 
band which is attached by one extremity to the hamulus of the medial pterygoid 
plate, and by the other to the posterior end of the mylohyoid line of the man- 
dible. Medially it is covered by the mucous membrane of the mouth. Laterally 
it is separated from the ramus of the mandible by a quantity of adipose tissue. 
Posteriorly it gives attachment to the Superior constrictor of the pharynx, and 
anteriorly to a part of the Buccinator (fig. 578). 

The Orbicularis oris (figs. 574, 579) is not a simple sphincter muscle like the 
Orbicularis oculi ; it is made up of several strata of fibres which surround the 
orifice of the mouth but have Afferent directions. It consists partly of fibres 
derived from the other facial 
muscles which are inserted into 
the hps, and partly of fibres 
proper to the Hps. Of the 
former, a considerable number 
are derived from the Buccin- 
ator, and form the deeper 
stratum of the Orbicularis. 

Some of the Buccinator fibres — 
namely, those near the middle 
of the muscle — decussate at 
the angle of the mouth ; the up- 
permost and lowermost fibres 
pass across the Hps from side 
to side without decussation. 

Superficial to this is a second 
stratum, formed by the Lev- 
ator and Depressor anguH oris 
(Caninus and Triangularis), 
which cross each other at the angle of the mouth ; the fibres from the Levator 
pass to the lower Hp, and those from the Depressor to the upper Hp, along which 
they run, to be inserted into the skin near the anterior median Hne. Fibres 
are also derived from the Levator labii superioris, the Zygomaticus major and 
minor, and the Depressor labii inferioris (Quadratus labii inferioris) ; these inter- 
mingle with the transverse fibrfes described above, and have principaUy an 
obHque direction. The proper fibres of the Hps are obHque, and pass from 
the deep surface of the skin to the mucous membrane, through the thickness 
of the Hp. Finally there are fibres by which the muscle is connected with the 
maxillae and the septum of the nose, above, and with the mandible, below. In 
the upper Hp these consist of two bands, lateral and medial, on each side ; 
the lateral band (m. incisivus labii superioris) arises from the alveolar border 
of the maxiUa, opposite the lateral incisor tooth, and arching lateraUy is contin- 
uous with the other muscles at the angle of the mouth ; the medial band 
(m. nasolabialis) connects the upper Hp to the back of the septum of the 
nose. The interval between the two medial bands corresponds with the 
depression, caUed the philtrum, seen on the upper Hp below the septum 
of the nose. The additional fibres for the lower Hp constitute a sHp (m. in- 
cisivus labii inferioris) on each side ; this sHp arises from the mandible, lateral 
to the Mientalis, and mingles with the other muscles at the. angle of the 
mouth. 

Nerve-supply. — The Orbicularis oris is suppHed by the lower buccal and the 
mandibular branches of the facial nerve. 

Actions. — The Orbicularis oris in its ordinary action effects the direct closure 
of the Hps ; by its deep, assisted by its obHque, fibres, it compresses the Hps 
against the teeth. The superficial part, consisting principaUy of the decussating 
fibres, brings the Hps together and protrudes them. 

The Risorius arises from the parotid fascia and is inserted into the skin at 


Fig. 579. — A scheme showing the arrangement of 
the fibres of the Orbicularis oris. 
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the angle of the mouth (fig. 574). It is a narrow bundle of fibres, broadest at 
its origin, but varying much in its size and form. 

Nerve-supply, — The Eisorius is supplied by the buccal branches of the facial 
nerve. 

Actions, — The Risorius retracts the angle of the mouth, and produces an 
unpleasant grinning expression.* 


II. The Muscles of Mastioatioh 

Masseter. Pterygoideus lateralis. 

Temporalis. Pterygoideus medialis. 

A strong layer of fascia, derived from the deep cervical fascia and named 
the parotid fascia, covers the Masseter and is firmly connected with it. It is 
attached to the lower border of the zygomatic arch, and invests the parotid 
gland (p. 536). 

The Masseter (fig. 586) is a quadrilateral muscle, consisting of two portions, 
superficial and deep. The superficial portion, the larger, arises by a thick apo- 
neurosis from the zygomatic process of the maxilla, and from the anterior 
two-thirds of the lower border of the zygomatic arch ; its fibres pass down- 
wards and backwards, to be inserted into the angle and lower one-half of the 
lateral surface of the ramus of the mandible. The deep portion is much smaller 
and is partly concealed by the superficial portion ; it arises from the posterior 
one-third of the lower border and from the whole of the medial surface of the 
zygomatic arch ; its fibres pass almost vertically downwards to be inserted into 
the lateral surfaces of the coronoid process and the upper one-half of the ramus 
of the mandible. 

Relations . — Superficial to the muscle are the integument, the Platysma, the Risorius, 
the Zygomatious major, and the parotid gland ; the parotid duct, branches of the facial 
nerve, and the transverse facial vessels cross the muscle. The deep surface is in relation with 
the insertion of the Temporal muscle and the ramus of the mandible ; a mass of fat separates 
it in front from the Buccinator muscle and the buccal nerve. The masseteric nerve and 
artery reach the deep surface of the muscle by passing through the posterior part of the 
mandibular notch. The posterior margin is overlapped by the parotid gland ; the anterior 
margin projects over the Buccinator and is crossed below by the anterior facial vein. 

Nerve-supply, — The Masseter is supplied by a branch of the anterior trunk 
of the mandibular nerve. 

Actions, — The Masseter pulls the mandible towards and against the maxillae ; 
from its relation to the axis of movement it can act with very great force. 

The temporal fascia covers the Temporal muscle. It is a strong, fibrous 
investment, covered, laterally, by the Auriculares anterior et superior, the 
epicranial aponeurosis, and part of the Orbicularis oculi. The superficial tem- 
poral vessels and the auriculotemporal nerve cross it from below upwards. 
Above, it is a single layer, attached to the entire extent of the superior temporal 
line ; below, it consists of two layers, one of which is attached to the lateral, and 
the other to the medial border of the zygomatic arch. A small quantity of fat, 
the zygomatic branch of the superficial temporal artery, and the zygomatico- 
temporal branch of the maxillary nerve, are contained between these two 
layers. The deep surface of the fascia affords attachment to the superficial 
fibres of the Temporalis. 

The Temporalis (fig. 580) is a fan-shaped muscle, situated at the side of the 
head. It arises from the whole of the temporal fossa (except the portion formed 
by the zygomatic bone) and from the deep surface of the temporal fascia. Its 
fibres converge as they descendj and end in a tendon which passes through the 
gap between the zygomatic arch and the side of the skull, and is inserted into 
the medial surface, apex, and anterior border of the coronoid process, and the 

* Lightoller (2oc. cit.) gives a detailed description of a knot or localised thickening where 
the fibres of the muscles surrounding or running to the oral fissure meet and intermingle. 
This knot is placed about 1 cm. lateral to the angle of the mouth, and has the form of a 
fiattened cone with its base on the mucous membrane of the mouth ; the base, which is 
crescentic, has a vertical measurement of about 4 cm., and curves forward for a short 
distance into the lips. 
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anterior border of the ramus of the mandible nearly as far forwards as the last 
molar tooth. 

Relations. Svperficial to the muscle are the skin, the Anriculares anterior et superior, 
the temporal fascia, the superficial temporal vessels, the anricnlotemporal nerve, the tem- 
poral branches of the facial nerve, the zygomaticotemporal nerve, the epicranial aponeurosis, 
the zygomatic arch, and the Masseter. The deep surface is in relation with the temporal 
fossa, the Lateral pterygoid and part of the Buccinator, the maxillary artery and its deep 
temporal branches, the deep temporal nerves, and the buccal vessels and nerve. BMtiA 
the tendon of the muscle the vessels and nerve to the Masseter traverse the mandibular 
notch. The anterior border is separated from the zygomatic bone by a mass of fat. 

Fia. 580. — The left Temporalis muscle. The zygomatic arch and the Masseter 
muscle have been removed. 



Nerve-supply. — The Temporalis is supplied by the deep temporal branches 
of the anterior trunk of the mandibular nerve. 

Actions. — The Temporal muscle elevates the mandible and so closes the 
mouth. This movement requires both the upward pull of the anterior fiibres 
and the backward pull of the posterior fibres, because the head of the man- 
dible rests on the articular eminence when the mouth is open. The posterior 
fibres draw the mandible backwards after it has been protruded. 

The Pterygoideus lateralis (Pterygoideus extemus) (fig. 581) is a short, thick 
muscle, somewhat conical in form. It arises by two heads : an upper from the 
infratemporal surface and infratemporal crest of the greater wing of the sphen- 
oid bone ; and a lower from the lateral surface of the lateral pterygoid plate. 
Its fibres pass backwards and laterally, to be inserted into a depression on the 
front of the neck of the mandible, and into the articular capsule and disc of 
the mandibular articulation. 

Relations. — Its superficial surface is in relation with the ramus of the mandible, the 
maxillary artery, which crosses it,* the tendon of the Temporal muscle and the Masseter. 
Its deep surface rests against the upper part of the Pterygoideus medialis, the spheno- 
mandibular ligament, the middle meningeal artery, and the mandibular nerve ; its upper 
border is in relation with the temporal and masseteric branches of the mandibular nerve ; 
its lower border with the lingual and inferior dental (alveolar) nerves. The buccal (bucc- 
inator) nerve and the maxillary artery pass between the heads of the muscle. 

Nerve-supply. — The Lateral pterygoid muscle is supplied by a branch from 
the anterior trunk of the mandibular nerve. 

* The artery often lies deep to the muscle, as shown in Fig. 582. 
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Actions. — The Lateral pterygoid muscle assists in opening the mouth, by 
pulling forward the condyloid process of the mandible and the articular disc, 
while the body of the mandible is being depressed by the suprahyoid muscles. 
Acting with the Medial pterygoid muscle it protrudes the mandible so that the 
lower incisors are projected in front of the upper. 

The Pterygoideus medialis (Pterygoideus intemus) (fig. 581), a thick, quad- 
rilateral muscle, arises from the medial surface of the lateral pterygoid plate, 
and from the grooved surface of the tubercle (pyramidal process) of the palatine 

Fig. 581. — The left Pterygoid muscles. The zygomatic arch and a portion of the 
ramus of the mandible have been removed. 
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bone ; it has also a more superficial slip of origin which arises from the lateral 
surfaces of the tubercle of the palatine bone and tuberosity of the maxilla, and 
lies at first on the surface of the lower part of the lower head of the Lateral 
pterygoid muscle. Its fibres pass downwards, laterally, and backwards, and 
are inserted, by a strong tendinous lamina, into the lower and back part of the 
medial surfaces of the ramus and angle of the mandible, as high as the mandibular 
foramen. 

Belations. — ^The lateral surface of the muscle is in relation with the ramus of the man- 
dible, from which it is separated, at its upper part, by the Lateral pterygoid, the spheno- 
mandibular ligament, the maxillary artery, the inferior dental vessds and nerve, the 
lingual nerve, and a process of the parotid gland. The medial surface is in relation with the 
Tensor palati, and is separated from the Superior constrictor of the pharynx by the Stylo- 
glossus, the Stylopharyngeus and some areolar tissue. 

Nerve-supply. — The Medial pterygoid muscle is supplied by a branch from 
the mandibular nerve. 

Actions. — The Medial pterygoid muscle assists ia approximating the man- 
dible to the maxillae. Acting with the Lateral pterygoid it protrudes the 
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mandible. When the two Pterygoid muscles of one side are m action, the 
corresponding side of the mandible is drawn forwards, while the head of the 
mandible on the opposite side remains comparatively fixed ; by an alternating 
action of the muscles of the two sides, the side-to-side movements, such as 
take place during trituration of the food, are effected. 


Fig. 582. — The structures in relation ■with, the left Pterygoid muscles. 
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The Pterygospinous ligament, which is occasionally replaced by muscle fibres, 
stretches between the spine of the sphenoid bone and the posterior border of 
the lateral pterygoid plate near its upper end. It is sometimes ossified and then 
helps to bound a foramen which transmits the branches of the mandibular nerve 
destined for the Temporal, Masseter and Lateral pterygoid muscles. 


THE FASCLE AND MUSCLES OF THE ANTEROLATERAL REGION 

OF THE NECK 

The anterolateral muscles of the neck may be arranged into the following 
groups : 

I. Superficial and lateral cervical. III. Anterior vertebral. 

II. Supra- and infra-hyoid. IV. Lateral vertebral. 

The superficial fascia of the neck is a thin lamina investiug the Platysma 
and is hardly demonstrable as a separate membrane. 

The deep cervical fascia (fig. 583) lies under cover of the Platysma, and 
invests the muscles of the neck. It consists of fibro-areolar tissue which occupies 
all the iutervals that would otherwise exist between the muscles, viscera, 
vessels, etc., of the neck. In certain situations the white fibres predomiaate, 
and the fascia assumes the form of a thin fibrous sheet or layer, but elsewhere 
the tissue is loosely arranged and is easily broken down. It becomes condensed 
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around the blood-vessels, providing them with fibrous sheaths which here, as 
elsewhere in the body, bind the arteries and their accompanying veins closely 
together. 

The investing portion of the fascia is attached behind to the ligamentum 
nuchse and to the spine of the seventh cervical vertebra. It forms a thin 
investment for the Trapezius, and from the anterior border of this muscle 
is continued forwards, as a rather loose areolar layer covering the posterior 
triangle of the neck, to the posterior border of the Sternomastoid, where it 



Fig. 583. — transverse section through the left half of the neck to show the 
arrangement of the deep cervical fascia. Semidiagrammatic. 

Omohyoid m. 

Thyroid glands with sheath of pretracheal fascia 
Sternothyroid m. 


Common carotid a. 
Carotid sheath 
Vag% 

Internal juguhr v. 

Sternomastoid m. 

Prevertehral fascia 

Phrenic n. 

Scalenus anterior m. 

Fifth cervical n, 

(anterior primary ramus) 

Anterior inteiirans^ 
verse m. 

Transverse process 

Scalenus medius ? 

Posterior intertrans- 
verse m. 

Accessory n. 


i cervms m. 
Longissimus capitis m. 
Levator scapulae m. 



m. 

Thyroid cartilage 
jyAryfenoid cartilage 
.Inferior constrictor m. 
Sympathetic trunk 
Longus capitis m. 
longus cervicis m, 
■Fifth cervical vertebra 
Vertebral artery 
Sixth cervical nerve 
Articular process 


•Multifidus m. 
Semispinalis cervicis m 
Semispinalis capitis m* 
Ligamentum nucha 
Splenius capitis wi. 
Trapezius m. 


begins to assume the appearance of a fascial membrane. Along the hinder 
edge of the Sternomastoid it divides to enclose the muscle, and at the anterior 
margin again forms a single lamella, which covers the anterior triangle of the 
neck and reaches forwards to the median plane, where it is continuous with 
the corresponding lamella from the opposite side of the neck. In the median 
plane of the neck it is fixed to the symphysis menti and the body of the hyoid 
bone. 

Above, the fascia is attached to the superior nuchal line of the occipital bone, 
to the mastoid process of the temporal bone, and to the whole length of the 
base of the mandible. Opposite the angle of the mandible it is very strong, and 
binds the anterior edge of the Sternomastoid firmly to that bone. Between the 
mandible and the mastoid process it ensheathes the parotid gland — ^the layer 
which covers the gland extends upwards under the name of the parotid fascia 
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and is fixed to the zygomatic arch. Prom the part T^hich passes deep to the 
parotid gland a strong band ascends to the styloid process, forming the stylo- 
mandibular ligament (p. 433). 

Below, the fascia is attached to the acromion, the clavicle and the manu- 
brium sterni. Some little distance above the last, it splits into a superficial and 
a deep layer. The former is attached to the anterior border of the manubrium, 
the latter to its posterior border and to the interclavicular ligament. Between 
these two layers there is a slit-like interval, termed the suprasternal space ; it 
contains a small quantity of areolar tissue, the lower portions of the anterior 
jugular veins and the jugular arch, the sternal heads of the Stemomastoid 
muscles, and sometimes a lymph-gland. 

The carotid sheath is a condensation of the cervical fascia in which the 
common and internal carotid arteries, the internal jugular vein, the vagus 
nerve and the constituents of the ansa hypoglossi are imbedded. It is thicker 
on the arteries than it is on the vein, and peripherally it is connected to the 
neighbouring layers by loose areolar tissue (fig. 584). 


Fig. 584. — Part of a transverse section through the lower part of the neck to show 
the carotid sheath- Semidiagrammatic. 
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The prevertebral layer of the cervical fascia covers the prevertebral muscles 
and extends laterally on the Scalenus anterior, the Scalenus medius and the 
Levator scapulae muscles, i.e. it forms a fascial floor for the posterior triangle 
of the neck. As the subclavian artery and the brachial nerves emerge fi*om 
behind the Scalenus anterior they cajry the prevertebral fascia downwards and 
laterally behind the clavicle to form the axiUary sheath. Traced laterally roimd 
the neck, the prevertebral fascia rapidly becomes thinner and more areolar in 
character and it is lost as a definite fibrous layer under cover of the Trapezius. 
Superiorly it is attached to the base of the skull, and inferiorly it is carried 
downwards in front of the longus cervicis (longus coUi) muscles into the superior 
mediastinum, where it blends with the anterior longitudinal ligament. Ant- 
eriorly the prevertebral layer is separated from the pharynx and its covering 
buccopharyngeal fascia by a loose cellular interval which is termed the retro- 
pharyngeal space. Further from the median plane, the same loose areolar tissue 
connects the prevertebral layer to the pretracheal fascia, the carotid sheath and 
the fascia on the deep surface of the Stemomastoid muscle. It should be 
observed that all the anterior primary rami of the cervical nerves he at first on 
the deep surface of the prevertebral layer, and certain of their important 
branches retain this position throughout their course in the neck, viz. the 
phrenic, the nerve to the Ehomboids (dorsahs scapulae nerve) and the neiwe 
to Serratus anterior (long thoracic). 
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The pretracheal layer of the cervical fascia is very thin and owes such im- 
portance as it possesses to its intimate relationship with the thyroid gland, 
for which it provides a fine fascial sheath. Above, it is attached to the arch of 
the cricoid cartilage, and, below, it is continued into the superior mediastinum 
as an investment for the inferior thyroid veins. 

Applied Anatomy . — ^The deep cervical fascia is of considerable importance from a surgical 
point of view. The investing layer opposes the extension of abscesses towards the surface, 
and pus forming beneath it has a tendency to extend laterally. If the pus be contained in 
the anterior triangle, it may find its way into the mediastinum, in front of the pretracheal 
layer of fascia ; but owing to the thinness of the fascia in this situation it more frequently 
finds its way to the surface and points above the sternum. Pus forming behind the pre- 
vertebral layer, in cases, for instance, of caries of the bodies of the cervical vertebrae, may 
extend towards the lateral part of the neck and point in the posterior triangle, or may 
perforate this layer of fascia and the buccopharyngeal fascia and point into the pharynx 
(retropharyngeal abscess). 

In cases of out throat, when the wound involves only the investing layer the injury 
is usually trivial, the special danger being injury to the external jugular vein. But where 
the second of the two layers is opened up, important structures may be injured, and serious 
results follow. 


I. The Shpeeficial akb Lateral Cervical Muscles 
Platysma. Trapezius. Sternocleidomastoideus. 

The Platysma (fig. 574) is a broad sheet arising from the fascia covering the 
upper parts of the Pectorahs major and Deltoid ; its fibres cross the clavicle, 
and proceed obliquely upwards and medially in the side of the neck. The 
anterior fibres interlace, below and behind the symphysis menti, with the fibres 
of the muscle of the opposite side ; the posterior fibres cross the mandible, 
some being inserted into the bone below the oblique line, others into the skin 
and subcutaneous tissue of the lower part of the face, many of these fibres 
blending with the muscles about the angle and lower part of the mouth. Some- 
times fibres can be traced to the Zygomaticus major or to the margin of the 
Orbicularis oouli. Under cover of the Platysma, the external jugular vein 
descends from the angle of the mandible to the middle of the clavicle. 

Nerve-supply. — The Platysma is supplied by the cervical branch of the facial 
nerve. 

Actions. — ^When the entire Platysma is in action it produces a wrinkling of 
the surface of the skin of the neck in an oblique direction, and tends to diminish 
the concavity between the jaw and the side of the neck. Its anterior portion, 
which is the thickest part of the muscle, may assist in depressing the mandible ; 
it also serves to draw down the lower hp and angle of the mouth in the 
expression of horror or surprise. 

The Trapezius is described on p. 582. 

The Stemomastoid (fig. 585) passes obliquely across the side of the neck. 
It. is thick and narrow at its central part, but broader and thinner at each 
end. It arises by two heads. The medial or sternal head is a rounded ten- 
dinous fasciculus, which arises from the upper part of the anterior surface of 
the manubrium stemi, and is directed upwards, laterally, and backwards. 
The lateral or clavicular head, composed of fleshy and aponeurotic fibres, arises 
from the superior border and anterior surface of the medial one-third of the 
clavicle, and is directed almost vertically upwards. The two heads are separated 
from each other at their origins by a triangular interval, but, as they ascend, 
the clavicular head passes under cover of the sternal head and blends with its 
deep surface below the middle of the neck, forming a thick, rounded belly. 
The muscle is inserted by a strong tendon into the lateral surface of the mastoid 
process, from its apex to its superior border, and by a thin aponeurosis into 
the lateral half of the superior nuchal line of the occipital bone. 

The clavicular head of the Stemomastoid may be as narrow as the sternal 
head, or may have a width of 7*5 cm. ; when it is broad it is occasionally sub- 
divided into several slips. More rarely, the adjoining margins of the Sterno- 
mastoid and Trapezius are in contact. 
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This muscle divides the quadrilateral area of the side of the neck into two 
triangles, an anterior and a posterior. The boundaries of the anterior triangle 
are, in front, the median line of the neck ; above, the base of the mandible, and 
a hue continuing this from the angle of the mandible to the Stemomastoid ; 
behind, the anterior border of the Stemomastoid. The apex of the triangle is 
at the upper border of the sternum. The boundaries of the posterior triangle 
are, in front, the posterior border of the Stemomastoid ; below, the middlR 
one-third of the clavicle ; behind, the anterior margin of the Trapezius. The 
apex corresponds with the meeting of the Stemomastoid and Trapezius on the 
occipital bone. The subdivisions and contents of these triangles are given on 
pp. 716 to 720. 


Fig. 585 . — ^The muscles of the neck. Right lateral aspect. 



Eelations . — Superficial to the muscle are the skin and Platysma ; it is separated from 
the Platysma by the external jugular vein, the great auricular and anterior cutaneous 
cervical nerves, and the investing layer of the deep cervical fascia. Near its insertion the 
muscle is overlapped by a small portion of the parotid gland. The deep surfcLce of the muscle 
is related at its origin to the sternoclavicular joint ; it lies upon the Sternohyoid, Sterno- 
thyroid and the Omohyoid muscles, while the anterior jugular vein crosses deep to it but 
superficial to the infrahyoid muscles immediately above the clavicle. The carotid sheath 
and the subclavian artery are deep to these muscles. Between the Omohyoid and the 
posterior belly of the Digastric the anterior part of the Stemomastoid overlaps the common, 
internal and external carotid arteries, the internal jugular, common facial and bngual veins, 
the deep cervical lymph glands, and the vagus, descendens h3^ogloasi and descending 
cervical nerves. The stemomastoid branch of the superior thyroid artery crosses deep 
to the muscle at the upper border of the Omohyoid. The posterior part of the muscle is 
related deeply to the Splenius, Levator scapulae and Scaleni, the cervical plexus, the upper 
part of the brachial plexus, the phrenic nerve, and the transverse cervical and suprasoapifiar 
arteries. The occipital artery crosses deep to the muscle at, or under cover of, the lower 
border of the Digastric, where the accessory nerve, which pierces the muscle, runs down- 
wards and laterally deep to it. At its msertion the muscle lies superficial to the mastoid 
process; and to the Splenius, Longissimus capitis, and the posterior belly of the Digastric. 
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Nerve-supply. — The Sternomastoid is supplied by the accessory nerve, which 
traverses it, and by branches from the anterior primary rami of the second, 
and third cervical nerves. 

Actions. — ^When one Sternomastoid acts, it draws the head towards the 
shoulder of the same side ; it also rotates the head sO as to carry the face 
towards the opposite side. Acting together from their sternoclavicular attach- 
ments the two muscles flex the head and the cervical part of the vertebral 
column ; if the head be fixed, they assist in elevating the thorax in forced 
inspiration. 

Applied Anatcmy . — ^The deformity known as wty-neck is due to a contracted condition 
of the Sternomastoid. It may be temporary, as the result of direct irritation of the muscle 
or of the nerves supplying it. It may, however, be permanent, and is then most often due 
to injury to the muscle during birth, rupture of the fibres and subsequent cicatricial con- 
traction taking place. In these cases, division of the muscle is often necessary to effect a 
cure. 

There is also a condition coming on in adult life (spasmodic torticollis) which begins 
with tonic or clonic spasm of one Sternomastoid, soon followed by a spasm of the Trapezius, 
particularly its clavicular portion. 


II. The Supra- and Inera-hyoid Muscles 

The suprahyoid muscles are : 

Digastricus. Mylohyoideus. 

. Stylohyoideus. Geniohyoideua. 

The Digastric (fig. 585) consists of two fleshy bellies united by an inter- 
mediate rounded tendon. It lies below the body of the mandible, and extends, 
in a curved form, from the mastoid process to the chin. The posterior belly, 
longer than the anterior, arises from the mastoid notch of the temporal bone 
and passes downwards and forwards. The anterior belly arises from the digastric 
fossa on the base of the mandible close to the median plane, and passes down- 
wards and backwards. The two bellies end in an intermediate tendon, which 
perforates the Stylohyoid muscle. It is held in connexion with the side of the 
body and the greater cornu of the hyoid bone by a fibrous loop, which is some- 
times lined by a synovial sheath. An aponeurotic layer, sometimes named the 
suprahyoid aponeurosis, is given off from the tendon of the Digastric muscle, 
and is attached to the body and greater cornu of the hyoid bone. 

Relations. — ^Its superficial surface is m relation with the Platysma, Sternomastoid, part 
of the Splenius, Longissimus capitis, mastoid process. Stylohyoid and the parotid gland. 
The deep surface of the anterior belly lies on the Mylohyoid ; that of the posterior belly on 
the Superior oblique, Rectus capitis lateralis, the transverse process of the atlas vertebra, 
the accessory nerve, internal ju^ar vein, occipital artery, hypoglossal nerve, the internal 
and extemabcarotid, the facial and lingual arteries and the Hyoglossus muscle (fig. 586). 

Nerve-supply. — The anterior beUy of the Digastric is supplied by the mylo- 
hyoid branch of the inferior dental (inferior alveolar) nerve ; the posterior 
belly by the facial nerve. 

Actions. — ^When the anterior belly of the Digastric takes its fixed point 
below, it depresses the front of the mandible. When both bellies are in action 
from above they elevate the hyoid bone. 

The Digastric divides the upper part of the anterior triangle of the neck into 
three triangles : (1) the digastric triangle, bounded above by the base of the 
mandible and a line continuing this from th6 angle of the mandible to the 
Sternomastoid, below by the posterior belly of the Digastric and the Stylohyoid, 
m front by the anterior beUy of the Digastric ; (2) the carotid triangle, bounded 
above by the posterior belly of the Digastric and Stylohyoid, behind by the 
Sternomastoid, below by the Omohyoid ; (3) the submental triangle, botmded 
on each side by the anterior beUy of the Digastric, and inferiorly by the body 
of the hyoid bono. 

The Stylohyoid (figs. 586, 587) arises by a delicate little tendon from the 
posterior and lateral surfaces of the styloid process, near its base ; and, passing 
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downwards and forwards, is inserted into the body of the hyoid bone, at its 
junction with the greater comu, and just above the Omohyoid* It is perforated, 
near its insertion, by the tendon of the Digastric. 

Nerve-supply. — ^The Stylohyoid is supplied by the facial nerve. 

Action. — The Stylohyoid draws the hyoid bone upwards and backwards 
during the act of deglutition. 


Fig. 586. — ^The relations of the posterior belly of the Digastric muscle of the 
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The parotid gland has been removed ; the external carotid ^tery has been 
divided below its point of entry into the gland ; and the facial nerve has 
been cut just below the stylomastoid foramen. 


The stylohyoid ligament.— Jn connexion with the Stylohyoid muscle a liga- 
mentous band, named the stylohyoid ligament, may be described. It is a fibrous 
cord, which is attached to the tip of the styloid process of the temporal bone and 
to the lesser comu of the hyoid bone. It gives origin to the behest fibres ot 
the Constrictor pharyngis medius and is intimately related to the lateral wall 
of the oral pharynx (fig. 1150). Below, it is covered by the Hyoglossus muscle. 
It frequently contains a little piece of cartilage in its centre, is often parti^y 
ossified, and in many animals forms a distinct bone, termed the &[nhyal. ±he 
stylohyoid ligament represents a portion of the skeletal element of the second 
visceral arch. 
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The Mylohyoid (figs. 585, 587) is situated immediately above the anterior 
belly of the Digastric, and forms, with its fellow of the opposite side, a muscular 
floor for the cavity of the mouth. It is a fiat, triangular sheet which arises 
from the whole length of the mylohyoid line of the mandible. The posterior 
fibres pass medially and slightly downwards, to be inserted into the front of the 
body of the hyoid bone near its lower border. The middle and anterior fibres 
are inserted into a median fibrous raphe which stretches from the symphysis 
menti to the hyoid bone. This median raphe is sometimes wanting ; if so, the 
two muscles are continuous. 

Relations. — ^Its superficial or inferior surface is in relation with the Platysma, the anterior 
belly of the Digastric, the suprahyoid aponeurosis, the superficial part- of the submandibular 
(submaxillary) gland, the facial and submental vessels, and the mylohyoid vessels and nerv^. 


Fig. 587. — The muscles of the front of the neck. 
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On the right side the Sternomastoid has been removed. 

In this subject, the origin of the Scalenus medius extended up to the transverse process of the atlas. 


Its deep or superior surface is in relation with the Geniohyoid, part of the Hyoglossus, and 
the Styloglossus muscles, the hypoglossal and lingual nerves, the submandibular ganglion, 
the sublingual gland, the deep portion of the submandibular gland and the submandibular 
duct, the lingual and sublingual vessels, and the buccal mucous membrane. 

Nerve-supply. — ^The Mylohyoid muscle is supplied by the mylohyoid branch 
of the inferior dental (inferior alveolar) nerve. 

Actions. — ^Acting from below the Mylohyoid depresses the front of the 
mandible ; acting from above it raises the hyoid bone and the floor of the mouth. 

The Geniohyoid (fig. 1146) is a narrow muscle, situated above the medial 
part of the Mylohyoid. It arises from the inferior genial tubercles on the back 
of the symphysis mentij and runs backwards and slightly downwards, to be 
inserted into the anterior surface of the body of the hyoid bone ; it is in contact 
with its fellow of the opposite side. 

Nerve-supply. — The Geniohyoid muscle is supplied by the first cervical nerve 
through the hypoglossal nerve. 
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Actions. — ^When the Geniohyoid acts from the hyoid bone, it depresses the 
front of the mandible ; when it acts from the mandible it raises and pulls 
forwards the hyoid bone. 

The infrahyoid muscles are : 

Sternohyoideus. Thyreohyoideus. 

Sternothyreoideus. Omohyoideus. 

The Sternohyoid (figs. 585, 587), a thin, narrow muscle, arises from the 
posterior surface of the medial end of the clavicle, the posterior sternoclavicular 
ligament, and the upper and posterior part of the manubrium stemi. Passing 
upwards and medially, it is inserted into the lower border of the body of the 
hyoid bone. It sometimes presents, near its origin, a transverse tendinous 
intersection. Below, the Sternohyoid is separated from its feUow by a consider- 
able interval ; but the two muscles come into contact with each other in the 
middle of their course, and are contiguous above. 

Nerve-supply. — The Sternohyoid muscle is supplied by branches from the 
loop (ansa hypoglossi) between the ramus descendens hypoglossi and the 
nervus descendens cervicalis. 

Action. — ^The Sternohyoid depresses the hyoid bone. 

The Sternothyroid (figs. 585, 587) is shorter and wider than the Sterno- 
hyoid, and lies under cover of it. It arises from the posterior surface of the 
manubrium stemi below the origin of the Sternohyoid, and from the edge of 
the c^^rtilage of the first rib, and sometimes that of the second ; it is inserted 
into the oblique line on the lamina of the thyroid cartilage. At the lower part 
of the neck this muscle is in contact with its fellow, but it diverges as it ascends ; 
it is occasionally traversed by a transverse or oblique tendinous intersection . 
It is closely applied to the anterolateral surface of the lobe of the thyroid gland. 

Nerve-supply. — ^The Sternothyroid muscle is supplied by branches from the 
ansa hypoglossi. 

Action. — ^The Sternothyroid draws the larynx downwards. 

The Thyrohyoid, a small, quadrilateral muscle, may be looked upon as an 
upward continuation of the Sternothyroid. It arises from the oblique line on 
the lamina of the thyroid cartilage, and is inserted into the lower border of 
the greater cornu of the hyoid bone. 

Nerve-supply. — ^The Thyrohyoid muscle is supplied by a branch from the 
hypoglossal nerve. Like the nerve to the Geniohyoid, this nerve is ultimately 
derived from the first cervical nerve. 

Actions. — ^The Thyrohyoid depresses the hyoid bone, or raises the larynx. 

The Omohyoid (figs. 585, 587) consists of two fleshy bellies united at an 
angle by an intermediate tendon. It arises from the upper border of the scapula 
near the suprascapular notch, and occasionally from the suprascapular (superior 
transverse) hgament, its extent of attachment to the scapula varying from a few 
millimetres to 2*5 cm. Erom this origin, the inferior belly forms a flat, narrow 
fasciculus, which inclines forwards and slightly upwards across the lower part 
of the neck, being bound to the clavicle by a fibrous expansion ; it then passes 
behind the Stemomastoid and there ends in the intermediate tendon. The 
superior belly passes almost vertically upwards from this tendon, close to the 
lateral border of the Sternohyoid muscle, and is inserted into the lower border 
of the body of the hyoid bone, lateral to the insertion of the Sternohyoid. 
The intermediate tendon, which varies in length and form, usually lies on the 
internal jugular vein, opposite the arch of the cricoid cartilage. It is held in 
position by a process of the deep cervical fascia which ensheathes it and is 
attached below to the clavicle and the first rib ; it is by this fascial process 
that the angular form of the muscle is maintained. 

Nerve-supply. — ^The superior belly of the Omohyoid is supphed by the ramus 
descendens h 3 q)Oglossi ; the inferior belly by a branch from the ansa hypoglossi. 

Actions. — ^The Omohyoid muscle depresses the hyoid bone and carries it 
backwards and laterally. The Omohyoids are concerned also in prolonged in- 
spiratory efforts ; by rendering tense the lower part of the deep cervical fascia 
they lessen the inward suction of the soft parts, which would otherwise compress 
the great vessels and the apices of the lungs. 

The inferior belly of the Omohyoid divides the posterior triangle of the neck 
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into an upper or occipital and a lower or subclciviaTi triangle, while its superior 
belly divides the anterior triangle into an upper or caTofid and a lower or w/usculat 
triangle. 


III. The Antbiuob Veetebbal Muscles (fig. 588) 

LfOngus cervicis. Rectus capitis anterior. 

Longus capitis. Rectus capitis lateralis. 

The Longus cervicis (Longus colli) is situated on the anterior surface of the 
vertebral column, between the atlas and the third thoracic vertebra. It is 
divisible into three portions, an inferior oblique, a superior oblique, and a 
vertical ; its origin and insertion consist of tendinous slips. The inferior oblique 
portion, which is the smallest part of the muscle, arises fi:om the front of the 
bodies of the first two or three thoracic vertebrae ; it runs upwards and laterally, 
and is inserted into the anterior tubercles of the transverse processes of the 
fifth and sixth cervical vertebrae. The superior oblique portion arises from the 
anterior tubercles of the transverse processes of the third, fourth and fifth 
cervical vertebrae ; it is directed upwards and medially, and is inserted by a 
narrow tendon into the anterolateral surface of the tubercle on the anterior arch 
of the atlas. The vertical portion arises from the front of the bodies of the upper 
three thoracic and lower three cervical vertebrae, and is inserted into the front 
of the bodies of the second, third and fourth cervical vertebrae. ^ 

Nerve-supply. — The longus cervicis is supplied by branches from the 
anterior primary rami of the second, third and fourth cervical nerves. 

Actions. — ^The Longus cervicis bends the cervical portion of the vertebral 
column forwards ; in addition, the oblique portions flex the column laterally 
and the inferior oblique portion rotates it to the opposite side. 

The Longus capitis, broad and thick above, narrow below, arises by ten- 
dinous slips from the anterior tubercles of the transverse processes of the third, 
fourth, fifth and sixth cervical vertebrae, and is inserted into the inferior surface 
of the basilar part of the occipital bone. 

Nerve-supply. — ^The Longus capitis is supplied by branches from the anterior 
primary rami of the first, second and third cervical nerves. 

Action. — ^The Longus capitis flexes the head. 

The Rectus capitis anterior is a short, flat muscle situated behind the upper 
part of the Longus capitis. It arises from the anterior surface of the lateral 
mass of the atlas, and from the root of its transverse process, and is inserted 
into the inferior surface of the basilar part of the occipital bone in front of the 
occipital condyle. 

Nerve-supply. — ^The Rectus capitis anterior is supplied by branches from the 
loop between the anterior primary rami of the first and second cervical nerves. 

Action. — ^The Rectus capitis anterior flexes the head. 

The Riectus capitis lateralis is a short, flat muscle which arises from the 
upper surface of the transverse process of the atlas and is inserted into the 
under surface of the jugular process of the occipital bone: In view of its attach- 
ments and its relations to the anterior and posterior primary rami of the first 
cervical nerve, the rectus capitis lateralis is regarded as homologous with the 
posterior intertransverse muscles. 

Nerve-supply . — ^The Rectus capitis lateralis is supplied by branches from the 
loop between the anterior primary rami of the first and second cervical nerves. 

Action. — ^The Rectus capitis lateralis bends the head to the same side. 


IV. The Lateeal Vertebral Muscles (fig. 588) 

Scalenus anterior. Scalenus medius. 

Scalenus posterior. 

The Scalenus anterior lies deeply at the side of the neck, behind the Stemo- 
mastoid muscle. It arises from the anterior tubercles of the transverse pro- 
cesses of the third, fourth, fifth, and sixth cervical vertebrse, and descending. 



THE MUSCLES OE THE NECK 545 

almost vertically, is inserted by a narrow, flat tendon into the scalene tubercle 
on the inner border of the flrst rib, and into the ridge on the upper surface of 
the rib in front of the groove for the subclavian artery. 

Relations. — In front of it are the clavicle, the Subclavius, Stemomastoid, and Omohyoid 
muscles, the lateral portion of the carotid sheath, the transverse cervical, suprascapular 
and ascending cervical arteries, the subclavian vein, the prevertebral fascia and the phrenic 
nerve. Its posterior surface is in relation with the pleura, and with the nerves forming the 
brachial plexus and the subclavian artery, which separate it from the Scalenus medius. 
Below, it is separated from the Longus cervicis by an angular interval (fig. 593), in which the 
vertebral artery, with its companion vein on its lateral side, ascends to reach the foramen 


Fig. 588. — ^The anterior and lateral vertebral muscles. 
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On the right side the Scalenus anterior and the Longus capitis have been removed. 

transversarium of the sixth cervical vertebra. The inferior thyroid artery crosses the 
interval from the lateral to the medial side near its apex. The sympathetic trunk and its 
inferior cervical ganglion are closely related to the medial side of this part of the vertebral 
artery. On the left side the thoracic duct crosses this interval at the level of the seventh 
cervical vertebra and usually com^ into contact with the medial edge of the muscle. 
Above, it is separated from the Longus capitis by the ascending cervical branch of the 
inferior thyroid artery. 

Nerve-supply. — ^The Scalenus anterior is supplied by branches from the 
anterior primary rami of the fourth, fifth, and sixth cervical nerves. 

Actions. — Ac ting from below the Scalenus anterior bends the cervical 
portion of the vertebral column forwards and laterally and rotates it towards 
the opposite side. When the muscle acts from above it assists in elevating the 
first rib. 

The Scalenus medius, the largest and longest of the Scaleni, arises from the 
front of the posterior tubercles of the transverse processes of the lower six 

G.A. s 
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cervical vertebrse, and frequently extends upwards to the transverse process 
of the atlas (fig. 587) ; it is inserted into the upper surface of the first rib, be- 
tween the tubercle of the rib and the groove for the subclavian artery. 

Belations.— Its anterolateral surface is in relation with the Stemomastoid ; it is crossed 
by the clavicle and the Omohyoid : anteriorly, it is separated from the Scalenus anterior 
by the subclavian artery and the cervical nerves. The Levator scapulss and the Scalenus 
posterior are posterolateral to it. The upper two roots of the nerve to Serratus anterior 
(long thoracic nerve), and the nerve to the Rhomboids (dorsal scapular nerve) pierce the 
substance of the muscle and appear on its lateral surface. 

Nerve-supply. — The Scalenus medius is supphed by branches from the 
anterior primary rami of the cervical nerves. 

Actions.— The Scalenus medius, acting from below, bends the cervical part of the 
vertebral column to the same side ; acting from above it helps to raise the thorax. 

The Scalenus posterior, the smallest and deepest of the Scaleni, arises from 
the posterior tubercles of the transverse processes of the fourth, fifth, and sixth 
cervical vertebrae, and is inserted by a thin tendon into the outer surface of 
the second rib, behind the tubercle for the Serratus anterior. It is occasionally 
blended with the Scalenus medius. 

Nerve-supply. — ^The Scalenus posterior is supplied by branches from the 
anterior primary rami of the lower three cervical nerves. 

Actions. — ^The Scalenus posterior bends the lower end of the cervical part 
of the vertebral column to the same side, when the second rib is fixed ; if its 
upper attachment be fixed it helps to elevate the thorax. 


THE EASCIiE AND MUSCLES OF THE TRUNK 

The muscles of the trunk may be arranged in six groups : 

I. Deep muscles of the back. IV. Muscles of the abdomen. 

II. Suboccipital muscles. V. Muscles of the pelvis. 

III. Muscles of the thorax. VI. Muscles of the perineum. 


I. The Deep Muscles oe the Back (fig. 590) 


The deep or intrinsic muscles of the back consist of a complex group of 
muscles extending from the pelvis to the skull. They are : 

Splenius capitis, Multifidus. 

Splenius cervicis. Rotatores. 

Sacrospinalis. Interspinales. 

Semispinalis. Intertransversarii. 


The lumbar fascia (lumbodorsal fascia) covers the deep muscles of the back 
of the trunk. Above, it passes in front of the Serratus posterior superior and 
is continuous with the investing fascial layer on the back of the neck. 

In the thoracic region the lumbar fascia is a thin fibrous lamina covering 
the extensor muscles of the vertebral col umn and separating them from the 
muscles connecting the vertebral column to the upper extremity. It contains 
both longitudinal and transverse fibres, and is attached, medially, to the spines of 
the thoracic vertebrae ; laterally, to the angles of the ribs. 

In the lumbar region the lumbar fascia is in three layers, anterior, middle 
and posterior (fig. 589), The posterior layer is attached to the spines of the 
lumbar and sacral vertebrae and to the supraspinous ligament ; the middle 
layer is attached, medially, to the tips of the transverse processes of the lumbar 
vertebrae, and to the intertransverse ligaments, below, to the iliac crest, and 
above, to the lower border of the twelfth rib and to the lumbocostal ligament 
(p. 447). The anterior layer covers the Quadratus lumborum and is attached 
medially to the anterior surfaces of the transverse processes of the lumbar 
vertebrae under cover of the lateral part of the Psoas major muscle, JBdow, it is 
attached to the iliolumbar ligament and the adjoining part of the iliac crest ; 
above, it forms the lateral arcuate ligament (p. 555). The posterior and middle 
layers unite at the lateral margin of the Sacrospinalis, and at the lateral border 
of the Quadratus lumborum they are joined by the anterior layer to form the* 
tendon of origin of the Transversus abdominis. 
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The Splenius capitis (fig. 613) arises from the lower half of the ligamentum 
nuchse, from the spine of the seventh cervical vertebra, and from the spines 
of the upper three or four thoracic vertebrae. The fibres of the muscle are di- 
rected upwards and laterally and are inserted, under cover of the Sternomastoid 
muscle, into the mastoid process of the temporal bone, and into the rough 
surface on the occipital bone just below the lateral third of the superior nuchal 
line. It forms a part of the floor of the posterior triangle of the neck, above 
and behind the Levator scapulae. 

Nerve-supply. — The Splenius capitis is supplied by the lateral branches of 
the posterior primary rami of the middle cervical nerves. 

The Splenius cervicis (fig. 613) arises from the spines of the third to the sixth 
thoracic vertebrae ; it is inserted into the posterior tubercles of the transverse 
processes of the upper two or three cervical vertebrae immediately under cover 
of the origin of the Levator scapulae. 

Nerve-supply. — ^The Splenius cervicis is supplied by lateral branches of the 
posterior primary rami of the lower cervical nerves. 

Actions. — ^The Splenii of the two sides, acting together, draw the head 
directly backwards ; acting separately, they draw the head to one side, and 
slightly rotate it, turning the face to the same side. 

The Sacrospinalis (fig. 590), and its prolongations in the thoracic and cervical 
regions, lie in the groove on the side of the vertebral column, covered in the 


Fig. 589. — A transverse section through the posterior abdominal wall 
the disposition of the lumbar fascia. Diagrammatic. 
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lumbar and thoracic regions by the lumbar fascia. They form a large muscular 
and tendinous mass, which varies in size and structure at different parts of the 
vertebral column. In the sacral region it is narrow and pointed, and at its 
origin chiefly tendinous in structure. In the lumbar region it forms a thick 
fleshy mass which, on being followed upwards, divides into three columns ; these 
gradually diminish in size as they ascend to be inserted into the vertebrae and ribs. 

The Sacrospinalis arises from the anterior surface of a broad and thick 
tendon, which is attached to the spinous tubercles of the sacrum (middle sacral 
crest), to the spines of the lumbar and the eleventh and twelfth thoracic vertebrae, 
to the supraspinous ligament, to the medial aspect of the dorsal segment (p. 368) 
of the iliac crest and to the transverse tubercles (lateral crest) of the sacrum, 
where it blends with the sacrotuberous and posterior sacro-iliac ligaments ; some 
of its fibres are continuous with the fibres of origin of the Gluteus maximus. The 
muscular fibres form a large fleshy mass, which splits in the upper lumbar region 
into three columns, viz, a lateral, the IliocoetocervicaliSf an intermediate, the 
Longissimus, and a medial, the Spinalis. Each of these consists, from below 
upwards, of three parts, as follows : 


Lateral Column. 
Iliocostocervicalis 

(а) Iliocostalis. 

(б) Costalis. 

(c) Costocervicalis. 


Intermediate Column. 
Longissimus. 

(a) L. thoracis. 

(b) L. cervicis. 

(c) L. capitis. 


Medial Column. 
Spinahs. 

(а) S. thoracis. 

(б) S. cervicis. 
(c) S. capitis. 


The Iliocostalis (Iliocostalis lumbomm) is inserted, by flattened tendons, into the inferior 
borders of the angles of the Ipwer six or seven ribs. 

The Costalis (Ilioeostahs dorsi) arises from the upper borders of the angles of the lower 
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six ribs medial to the teadons of insertion of the Iliooostalis ; it is inserted into the upper 
borders of the angles of the upper six ribs and into the back of the transverse process of 
the seventh cervical vertebra. 

The Costocervicalis (Iliocostalis cervicis) arises from the angles of the third, fourth, fifth 
and sixth ribs medial to the tendons of insertion of the costalis, and is inserted into the 
jx>sterior tubercles of the transverse processes of the fourth, fifth and sixth cervical vertebrae. 

Nerve-supply. — ^These three muscles are supplied by the posterior primary rami of the 
lower cervical, the thoracic and the upper lumbar nerves. 

Actions. — ^These muscles are extensors of the vertebral column ; they also bend it to 
one side. The slips attached to the ribs act as depressors of the thorax. 

The Longissimus thoracis is the intermediate and largest of the continuations of the 
Sacrospinalis. In the lumbar region, where it is as yet blended with the Iliocostalis, some 
of its fibres are attached to the whole length of the posterior surfaces of the transverse 
processes and the accessory processes of the lumbar vertebrae, and to the middle layer of 
the lumbar fascia. In the "thoracic region it is inserted, by rounded tendons, into the tips 
of the transverse processes of all the thoracic vertebrae, and by fleshy processes into the 
lower nine or ten ribs between their tubercles and angles. 

The Longissimus cervicis, situated medial to the Longissimus thoracis, arises by long 
thin tendons fiom the summits of the transverse processes of the upper four or five thoracic 
vertebrae, and is inserted by similar tendons into the posterior tubercles of the transverse 
processes of the cervical vertebrae from the second to the sixth inclusive. 

The Longissimus capitis lies between the Longissimus cervicis and the Semispinalis 
capitis. It arises by tendons from the transverse processes of the upper four or five thoracic 
vertebrae, and the articular processes of the lower three or four cervical vertebrae, and is 
inserted into the posterior margin of the mastoid process, deep to the Splenius capitis and 
Stemomastoid. It is usually crossed by a tendinous intersection near its insertion. 

Nerve-supply. — The Longissimi are supplied by the posterior primary rami of the lower 
cervical, the thoracic and the lumbar nerves. 

Actions. — The Longissimi thoracis et cervicis bend the vertebral cplunm backwards and 
laterally ; the Longissimus capitis extends the head, and turns the face towards the same side. 

The Spinalis thoracis, the medial continuation of the Sacrospinalis, is scarcely separable 
as a distinct muscle. It is situated at the medial side of the Longissimus thoracis, and is 
intimately blended with it ; it arises by three or four tendons from the spines of the eleventh 
and twelfth thoracic, and first and second lumbar vertebrae ; these, uniting, form a small 
muscle which is inserted by separate tendons into the spines of the upper thoracic vertebrae, 
the number varying from four to eight. It is intimately united with the Semispinalis 
thoracis, which lies deep to it. 

The Spinalis cervicis is an inconstant muscle, which arises from the lower part of the 
ligamentum nuchse, the spine of the seventh cervical, and sometimes from the spines of the 
first and second thoracic vertebrae, and is inserted into the spine of the axis, and occasionally 
into the spines of the two vertebrae below it. 

The Spinalis capitis is usually more or less blended with the Semispinalis capitis. 

Nerve-supply. — ^The Spinales are supplied by the posterior primary rami of the lower 
cervical and thoracic nerves. 

Actions. — ^The Spinales extend the vertebral column. 

The Semisfpinalis thoracis consists of thin, fleshy fasciculi, interposed between tendons 
of considerable length. It arises by a series of tendons from the transverse processes of the 
thoracic vertebrae from the sixth to the tenth inclusive, and is inserted, by tendons, into 
the spines of the upper four thoracic and lower two cervical vertebrae. 

The Semispinalis cervicis, thicker than the preceding, arises by a series of tendinous and 
fleshy fibres from the transverse processes of the upper five or six thoracic vertebrae, and is 
inserted into the cervical spines, from the axis to the fifth inclusive. The fasciculus con- 
nected with the axis is the largest, and is chiefly muscular in structure. 

The Semi^malis capitis is situated at the back part of the neck, under cover of the 
Splenius, and medial to the Longissimi cervicis et capitis. It arises by a series of tendons 
from the tips of the transverse processes of the upper six or seven thoracic and the seventh 
cervical vertebrae, and from the articular processes of the fourth, fifth, and sixth cervical 
vertebrae and, occasionally, from the spine of the seventh cervical or first thoracic vertebra. 
The tendons are succeeded by a broad muscle, which passes upwards and is inserted into 
the medial part of the area between the superior and inferior nuchal lines of the occipital 
bone. The medial part, usually more or less distinct from the rest of the muscle, is named 
the SpiTialis capitis ; it is sometimes called the BivefnAer cervicis, since it is traversed by an 
imperfect tendinous intersection. 

Nerve-supply. — The Semispinales are supplied by the posterior primary rami of the 
cervical and thoracic nerves. 

Actions. — ^The Semispinales thoracis et cervicis extend the thoracic and cervical portions 
of the vertebral column, and rotate them towards the opposite side ; the Semispinalis 
capitis extends the head, and turns the face slightly towards the opposite side. 
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Fig. 590.— The deep muscles of the back. 


Superior oblique m. 

Rectus capitis 
posterior minor 
Rectus capitis post- 
erior major 
Inferior oblique m. 

Semispinalis cervids m. — j 

Longissimus cervkis m. — i 


Semispinalis 
thoracis m. 


Semispinalis capitis m. 
Ligamentum nuchce 

Longissimus capitis m. 
Longissimus cervids m. 



Longissimus thoracis m. 


lUocostalis m. 

Quadratus lumborum m. 


N,B. — On the left side the Sacrospinalis muscle and its upward continuations (with the 
exception of the Longissimus cervicis m., which has been turned laterally) and the Semi- 
spinalis capitis muscle have been removed. 
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The MuHafidus consists of a number of fleshy and tendinous fasciculi, which fill the 
groove at the side of the spines of the vertebrse, from the sacrum to the axis. In the sacral 
region, the fasciculi arise from the back of the sacrum as low as the fourth sacral foramen, 
from the aponeurosis of origin of the Sacrospinalis, from the medial surface of the posterior 
superior iliac spine and from the posterior sacro-iliao ligaments ; in the lumbar region, 
from all the mamillary processes ; in the thoracic region, from all the transverse processes ; 
and in the cervical region, from the articular processes of the lower four vertebrse. Each 
fasciculus passes obliquely upwards and medially, and is inserted into the whole length of 
the spine of one of the vertebra} above. The fasciculi vary in length ; the most superficial 
pass from one vertebra to the third or fourth above ; those next in depth run from one 
vertebra to the second or third above ; while the deepest connect contiguous vertebrae. 

Nerve-supply.— The Multifidus is supplied by the posterior primary rami of the spinal nerves. 

Actions. — ^The fasciculi of the Multifidus beftd the segments of the vertebral column 
backwards and laterally, and rotate them towards the opposite side. 

The Eotatores lie deep to the Multifidus and are found only in the thoracic region ; they 
are eleven in number on each side, and are small and somewhat quadrilateral in form. Each 
arises from the upper and posterior part of the transverse process of one vertebra, and is 
inserted into the louver border and lateral surface of the lamina of the vertebra next above, 
the fibres extending as far as the root of the spine. The first is found between the first and 
second thoracic vertebrae ; the last, between the eleventh and twelfth. Sometimes the 
number of these muscles is diminished by the absence of one or more from the upper or lower 
end of the series. 

Nerve-supply. — ^The Rotatores are supplied by the posterior primary rami of the spinal 
nerves. 

Actions. — ^The Rotatores mainly rotate the individual vertebrae towards the opposite side. 

The Interspinales are short muscular fasciculi, placed in pairs between the spines of 
contiguous vertebrae, one on each side of the interspinous ligament. In the cervical region 
they are most distinct, and consist of six pairs ; the first is situated between the axis and 
third vertebra, and the last between the seventh cervical and the first thoracic vertebrae. 
They are small narrow bundles, attached, above and below, to the apices of the spines. In 
the thoracic region they are found between the first and second vertebrae, and sometimes 
between the second and third, and the eleventh and twelfth vertebrae. In the lumbar region 
there are four pairs in the interv^als between the five lumbar vertebrae. A pair is occasionally 
found between the last thoracic and first lumbar vertebrae, and another between the fifth 
lumbar vertebra and the sacrum. 

Nerve-supply. — ^The Interspinales are supplied by the posterior primary rami of the 
spinal nerves. 

Actions. — ^The Interspinales extend those segments of the vertebral column to which 
they are attached. 

The Extensor coccygis is a slender muscular fasciculus, which is not always present ; 
it extends over the lower part of the posterior surface of the sacrum and coccyx; It arises 
by tendinous fibres from the last segment of the sacrum, or first piece of the coccyx, and 
passes downwards to be inserted into the lower part of the coccyx. It is a rudiment of 
the Levator caudse muscle of the lower animals. 

The Intertransveisarii are small muscles placed between the transverse processes of the 
vertebrae. They are best developed in the cervical region where they consist of anterior and 
posterior slips, which are separated by the anterior primary rami of the. spinal nerves. The 
posterior intertransverse muscles are subdivisible into medial and lateral sKps, which' are 
separate morphological entities. The anterior intertransverse muscles and the lateral parts 
of the posterior muscles connect the costal processes of contiguous vertebrae, and the medial 
parte of the posterior muscles connect the true transverse processes. There are seven pairs 
of these muscles, the highest between the atlas and axis, and the lowest between the seventh 
cervical vertebra and the first thoracic, but the anterior muscle between the atlas and fl 'gia 
is often absent. In the thoracic re^km. they consist of single muscles, which are present 
between the transverse processes of the three lower thoracic vertebrae only and between 
the transverse processes of the last thoracic vertebra and the first lumbar. In the lurrtbar 
region they again consist of two sets of muscles, one named the Intertransversarii mediales, 
connecting the accessory process of one vertebra with the mamillary process of the next, 
and the other named the Intertransversarii laieraleSy which are really divisible into ventral 
and dorsal parte.* The ventral parte connect the transverse processes (costal elements) 
of the lumbar vertebrae, and each dorsal part connects the accessory process to the trans- 
verse process of the succeeding vertebra. 

* J, D. Lickley, J oumal of Anatomy and Physiology, vol. xxxix., 1905, and A. J". E. Cave. 
Journal of Anatomy, vol. Ixxi., 1937. According to the latter, the Intertransversarii 
mediales are homologous with the thoracic intertransverse muscles and with the medial 
slips of the posterior muscles in the cervical region : the ventral parts of the Intertransver- 
sarii laterales are homologous with both the lateral parts of the posterior muscles and the 
anterior muscles in the cervical region ; and the dorsal parts of the Intertransversarii 
laterales are homologous with the levatores costarum. 
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Nerve-supply. — ^The Intertransversarii mediales, the thoracic Intertransversarii and the 
medial parts of the posterior intertransverse muscles in the cervical region are supplied by 
the posterior primary rami of the spinal nerves ; the others are supplied by the anterior 
primary rami. 

Actions. — ^The intertransverse muscles act as lateral flexors of those segments of the 
vertebral column to which they are attached. 


II. The Suboccipital Muscles (fig. 591) 

Rectus capitis posterior major. Obliquus capitis inferior. 

Rectus capitis posterior minor. Obliquus capitis superior. 

The Rectus capitis posterior major arises by a pointed tendon from the 
spine of the axis, and, becoming broader as it ascends, is inserted into the lateral 


Fig. 591. — ^The left suboccipital triangle and muscles. 
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part of the inferior nuchal line of the occipital bone, and into the bone im- 
mediately below the line. As the muscles of the two sides pass upwards and 
laterally, they leave between them a triangular space, in which parts of the 
Recti capitis posteriores minores are seen. 

Actions. — ^The Rectus capitis posterior major extends the head, and turns 
the face towards the same side. 

The Rectus capitis posterior minor arises by a narrow pointed tendon from 
the tubercle on the posterior arch of. the atlas, and, widening as it ascends, is 
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ini^rted into the medial part of the inferior nuchal line of the occipital bone 
and also into the bone between that line and the foramen magnum. 

Action. — The Rectus capitis posterior minor extends the head. 

The Obliquus capitis inferior, the larger of the two Oblique muscles, arises from 
the lateral surface of the spine of the axis, and passes laterally and slightly upwards, 
to be inserted into the lower and back part of the transverse process of the atlas. 

Action. — The Obliquus capitis inferior turns the face towards the same side. 
Owing to the length of Ae transverse process of the atlas the muscle is enabled to act 
to go^ mechanical advantage. 

The Obliquus capitis superior, narrow below, wide and expanded above, 
arises by tendinous fibres from the upper surface of the transverse process of 
the atlas. It passes upwards and backwards, and is inserted into the occipital 
bone, between the superior and inferior nuchal lines, lateral to the Semispinalis 
capitis and overlapping the insertion of the Rectus capitis posterior major. 

Actions. — The Obliquus capitis superior bends the head backwards and 
to the same side. 

Nerve-supply. — ^All the suboccipital muscles are supplied by the posterior 
primaiy ramus of C. 1. 

The suboccipital triangle. — This triangle is bounded, above and medially, 
by the Rectus capitis posterior major ; above and laterally, by the Obliquus 
capitis superior ; below and laterally, by the Obliquus capitis inferior. Medi- 
ally, the roof is formed by a layer of dense fibrofatty tissue, situated deep to the 
Semispinalis capitis, and, laterally, by the Longissimus capitis and sometimes 
by the Splenius capitis, which covers the Obliquus capitis superior. The floor 
of the triangle is formed by the posterior atlanto-occipital membrane and the 
posterior arch of the atlas ; the vertebral artery and the posterior primary 
ramus of the first cervical nerve (fig. 591) lie in the groove on the upper surface 
of the posterior arch of the atlas. 


III. The MxTsoiiBs 

Intercostales extern!. 
Intercostales interni. 
Transversus thoracis. 
Stemocostalis. 
Interoostales intimi. 
Subcostales, 


OF THE ThOBAX. 

Levator es costarum. 
Serratus posterior superior. 
Serratus posterior inferior. 
Diaphragm. 


The Intercostales extend et interni (fig. 615) are two thin layers of 
muscular and tendinous fibres occupying each of the intercostal spaces. They 
are named external and internal from their surface relations — ^the external being 
superficial to the internal. 

The Intercostales ertemi are eleven in number on each side. Their attach- 
ments extend from the tubercles of the ribs behind, where they are intimately 
related to the posterior fibres of the superior costotransverse ligaments, to near 
the cartilages of the ribs in front, where each is replaced by an aponeurotic 
layer named the anierior intercostal membrane, which is continued forwards to 
the sternum. Each muscle arises from the lower border of one rib, and is in- 
serted into the upper border of the rib below. In the lower two spaces they ex- 
tend to the ends of the rib-cartilages, and in the upper two or three spaces they do 
not quite reach the ends of the ribs. They are thicker than the Internal inter- 
costals, and their fibres are directed obUquely downwards and laterally on the 
back of the thorax, and downwards, forwards, and medially on the front. 

The Intercostales intemi are also eleven in number on each side. Their 
attachments commence anteriorly at the sternum, in the interspaces between 
the cartilages of the true ribs, and at the anterior extremities of the cartilages 
of the false ribs, and extend backwards as far as the angles of the ribs, where 
each is replaced by an aponeurotic layer named the posterior intercostal mem- 
brane, which is continuous with the anterior fibres of the superior costo- 
transverse ligament. Each muscle arises firom the fioor of the costal groove 
and the corresponding costal cartilage, and is inserted into the upper border of 
the rib below. Their fibres are also directed obliquely, but at right angles to 
those of the External intercostal muscles. 
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Actions. — ^The actions of the External and Internal intercostal muscles are 
very difficult to determine. It is generally believed that both groups act as 
elevators of the ribs, although some investigators have attributed the opposite 
action to the Internal intercostals. In addition, they form strong elastic sup- 
ports, which prevent the intercostal spaces being drawn in or bulged out during 
respiration. The anterior portions of the Internal intercostals probably have 
an additional fimction in keeping the sternocostal and interchondral joint- 
surfaces in apposition, the posterior portions of the External intercostals per- 
forming a similar function for the costovertebral joints. 

The Transversus thoracis is a thin plane of muscular and tendinous fibres 
situated upon the inner surface of 
the chest wall. It forms an incom- 
plete investment and is divisible into 
three parts, viz. ; the Suboostales, the 
Intercostales intimi and the Stemo- 
costalis. 

The Subcostales consist of mus- 
cular and aponeurotic fasciculi, and 
are usually well developed only in 
the lower part of the thorax ; each 
arises from the inner surface of one 
rib near its angle, and is inserted into 
the inner surface of the second or 
third rib below. Their fibres run in 
the same direction as those of the 
Internal intercostals. They inter- 
vene between the intercostal vessels 
and nerves and the pleura. 

Actions. — ^The Subcostals depress 
the ribs. 

The Intercostales intimi * are 
placed on the deep surfaces of the 
Internal intercostals and their fibres 
pass in the same direction. Each is 
attached to the inner surfaces of two 
adjoining ribs. Poorly developed, 
sometimes absent, in the upper in- 
tercostal spaces, the Intercostales 
intimi become gradually more ex- 
tensive from above downwards. 

Below each covers the middle two- 
fourths of the intercostal space, and 
its posterior border is edge to edge 
with the lateral border of the cor- 
responding Subcostalis muscle. Like the Subcostales the Intercostales intimi 
separate the intercostal vessels and nerves from the pleura (fig. 593). 

Actions. — ^The Intercostales intimi act in the same way as the Internal 
intercostals. 

The Stemocostalis (Transversus thoracis) is situated upon the inner surface 
of the front waU of the chest (fig. 592). It arises from the lower third of the 
posterior surface of the body of the sternum, from the posterior surface of the 
xiphoid process, and from the posterior surfaces of the costal cartilages of the 
lower three or four true ribs near their sternal ends. Its fibres diverge as 
they pass upwards and laterally, to be inserted by slips into the lower borders 
and inner sirfaces of the costal cartilages of the second, third, fourth, fifth, and 
sixth ribs. The lowest fibres of this muscle are horizontal, and are edge to edge 
vith the highest fibres of the Transversus abdominis ; the intermediate fibres are 
oblique, while the highest are almost vertical. This muscle varies in its attach- 

* These muscles were origina«lly called Intraeostales, aad they are regarded by some 
anatomists merely as parts of the Internal intercostals. For a full description consult the 
following: T. Walmsley, Journal of Ancetomy, vol. L, and F. Davies, R. J. Gladstone 
and E. P. Stibbe, Jowmal of Anatomy, vol. Ixvi. 

O.A, ' s2 


Fig. 592. — ^The left Stemocostalis. 
Posterior surface. 
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menta not only in different subjects but on opposite sides of the same subject, 
like the other parts of the Transversus thoracis the Stemocostalis separates 
the intercostal nerves from the pleura. 

Actions. — The Stemocostalis draws down the costal cartilages to which it 
is attached. 

Bferve-supply.— All these muscles are supplied by the corresponding inter- 
costal nerves. 

The Levatores costarum (fig. 690), twelve in number on each side, are 
strong bundles which arise from the ends of the transverse processes of the 
seventh cervical and upper eleven thoracic vertebrae ; they pass obliquely down- 
wards and laterally, parallel with the posterior borders of the External inter- 
costals, and each is inserted into the upper edge and outer surface of the rib 

immediately below the vertebra 

Fig. 593. — dissection of a part of the thoracic 
wall, diowing the position of the intercostal 
vessels and nerves relative to the intercostal 
muscles. 


IniercoMal vmds 
a7id nerpe 
IntercoMalia 

Intercostalis intermix ' 

Ini&rcoMis exUmua 



In bottt the spaces shown a part of the Intercostalis 
extenius !ms removed ; in addition, in the upper 
apace, a small strip of the Interoostalis intemus has been 
rejected in order to expose the intercostal nerve lying on 
the surface of tiie Interoostalis intimus. 


from which it takes origin, between 
the tubercle and the angle (Leva- 
tores costarum breves). Each of 
the four lower muscles divides into 
two fasciculi, one of which is in- 
serted as above described ; the 
other passes down to the second 
rib below its origin (Levatores 
costamm longi). 

Nerve-supply. — ^The Levatores 
costarum are supplied by the in- 
tercostal nerves. 

Actions. — ^The Levatores cos- 
tarum being inserted near the 
fulcra of the ribs can have little or 
no elevating action on the ribs, but 
they may rotate the necks of the 
ribs in a forward direction ; they 
are said to act as rotators and 
lateral flexors of the vertebral 
column. 

The Serratus posterior superior 
is a thin, quadrilateral muscle, 
situated at the upper and posterior 
part of the thorax. It arises by a thin aponeurosis from the lower part of 
ihe ligamentum nuchae, from the spines of the seventh cervical and upper two 
or three thoracic vertebrae and from the supraspinous ligament. Inclining 
downwards and laterally it is inserted, by four fleshy digitations, into the 
upper borders and outer surfaces of the second, third, fourth, and fifth ribs, 
a little beyond their angles. It lies superficial to the upward continuation of 
the lumbar fascia and is hidden by the Rhomboid muscles. 

Nerve-supply. — ^The Serratus posterior superior is supphed by the second, 
third, fourth and fifth intercostal nerves. 

Actions. — ^The Serratus posterior superior elevates the ribs to which it is 
attached. 

The Serrate posterior inferior (fig. 613) is situated at the junction of the 
tli(H:acic and lunibar regions : it is of an irregularly quadrilateral form, broader 
than the preceding muscle, and separated from it by a wide interval. It arises 
by a thin aponeurosis from the spines of the lower two thoracic and upper two 
or three lumbar vertebrae and from the supraspinous ligament ; this aponeurosis 
is intimately blended with the lumbar fascia. Passing obliquely upwards and 
laterally, it becomes fleshy, and is inserted by four digitations into the inferior 
borders and outer surfaces of the lower four ribs, a little beyond their angles. 

Nerve-supply, — ^The Serratus posterior inferior is supplied by the anterior 
primary rami of the ninth, tenth, eleventh and twelfth thoracic nerves. 

Actions. — ^The Serratus posterior inferior draws the lower ribs downwards 
and backwards and thus elongates the thorax ; it also fixes the lower ribs, thus 
assisting the inspiratory action of the Diaphragm and resisting the tendency 
of the latter to draw the lower ribs upwards and forwards. 
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The Diaphragm (fig. 594) is a dome-shaped, muscuiofihrous septum which 
separates the thoracic from the abdominal cavity, its convex upper surface form- 
ing the floor of the former, and its concave under surface the roof of the latter. 
Its peripheral part consists of muscular fibres which take origin from the circum- 
ference of the thoracic outlet and converge to be inserted into a central tendon. 

The muscular fibres may be grouped according to their origins into three 
parts — sternal, costal, and vertebral. The sternal part arises by two fleshy slips 
from the back of the zlphoid process ; the costal part from the inner surfaces 
of the cartilages and adjacent portions of the lower six ribs on each side, inter- 
digitating with the Transversus abdominis (fig. 592) ; and the vertebral part 
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Fig. 594. — The Diaphragm. Abdominal surface. 
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from aponeurotic arches, named the arcuate ligaments (lumbocostal arches), 
and from the lumbar vertebrse by two pillars or crura. There are two arcuate 
ligaments, a lateral and a medial, on each side, and, in addition, a median 
arcuate ligamerU connects the two crura across the median plane. 

ThelateralarcuateligainerU (laterallumbocostal arch), which is a thickened band 
in the fascia covering the Quadratus lumborum, arches across the upper part of 
that muscle, and is attached, medially, to the front of the transverse process of 
the first lumbar vertebra, and, laterally, to the lower margin of the twelfth rib. 

The medial arcuate ligament (medial lumbocostal arch) is a tendinous arch 
in the fascia covering the upper part of the Psoas major ; medially, it is con- 
tinuous with the lateral tendinous margin of the corresponding crus, and is 
attached to the side of the body of the first or second lumbar vertebra ; laterally, 
it is fixed to the front of the transverse process of the first lumbar vertebra. 

The crura, — Kt their origins the crura are tendinous in structure, and blend 
with the anterior longitudinal ligament of the vertebral column. The rigM crus, 
larger and longer than the left, arises fix)m the anterior surfaces of the bodies and 
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intervertebral discs of the upper three lumbar vertebrae, while the left crus arises 
from the corresponding parts of the upper two only. The medial tendinous mar- 
gins of the crura meet in the median plane to form an arch across the front of the 
aorta, which is termed the median arcuate ligament ; it is often poorly defined. 

From this series of origins the fibres of the Diaphragm converge to be in- 
serted into the central tendon. The fibres arising from the xiphoid process are 
very short, and occasionally aponeurotic ; those from the medial and lateral 
arcuate ligaments, and more especially those from the ribs and their cartilages, 
are longer, and describe marked curves as they ascend and converge to their 
insertion. The fibres arising from the crura diverge as they ascend, the most 
lateral being directed upwards and laterally to the central tendon. The medial 
fibres of the right crus ascend on the left side of the oesophageal opening, and 
occasionally a fleshy fasciculus from the medial side of the left crus crosses 
the aorta and runs obliquely through the fibres of the right crus towards the 
venacaval opening, but this fasciculus “ is never continued upwards to help to 
bound the oesophageal passage on the right side ’’ (Low*). 

The central terSbn of the Diaphragm is a thin but strong aponeurosis of 
closely interwoven fibres situated near the centre of the vault formed by the 
muscle, but somewhat closer to the front than to the back of the thorax, so 
that the posterior muscular fibres are the longer. It is placed immediately 
below the pericardium, with which it is partially blended. It is shaped some- 
what like a trefoil leaf, and consists of three divisions or leaflets separated from 
one another by slight indentations. The middle leaflet has the form of an equi- 
lateral triangle, the apex of which is directed towards the xiphoid process of 
the sternum. The right and left leaflets are rather tongue-shaped and curve 
laterally and backwards, the left being a little narrower than the right. The 
central area of the tendon is occupied by four well-marked diagonal bands 
radiating from a thick central point like the bars of a St. Andrew’s cross, and 
then expanding in a fan-shaped manner ; the central point of decussation 
appears as a thick node of compressed tendinous strands situated in front of 
the oesophageal aperture, and to the left of the venacaval opening.f 

Opemngs in the Diaphragm (fig. 694). — ^The Diaphragm is pierced by aper- 
tures for the passage of structures between the thorax and abdomen. Three 
large openings — ^the aortic, the oesophageal, and the venacaval — and a number 
of smaU ones are present. 

The aortic opening is the lowest and most posterior of the large apertures ; 
it lies at the level of the lower border of the twelfth thoracic vertebra, slightly 
to the left of the median plane. Strictly speaking, it is an osseo-aponeurotic 
opening between the vertebral column and the Diaphragm, and therefore behind 
the latter ; occasionally some tendinous fibres from the medial parts of the 
crura pass behind the aorta, and convert the opening into a fibrous ring. The 
aortic opening transmits the aorta and the thoracic duct.f 

The oesophageal opening is situated in the muscular part of the Diaphragm at 
the level of the tenth thoracic vertebra ; it is elliptical in shape, and is “ formed 
by the sphttmg of the medial fibres of the right crus ” (Low) . It is placed above, 
in front, and a little to the left of the aortic opening, and transmits the oeso- 
{diagus, the vagus nerves, and the oesophageal branches of the left gastric artery. 

The ueTiocaml openingy the highest of the three large openings, is situated 
about the level of the disc between the eighth and ninth thoracic vertebrae. 
It is quadrilateral in form, and is placed at the junction of the right leaflet with 
the central area, so that its margins are tendinous. It transmits the inferior 
vena cava, the wall of which is adherent to the margin of the opening, and some 
branches of the right phrenic nerve. 

There are two lesser apertures in each crus ; of these one transmits the greater 
and the other the lesser splanchnic nerve. The ganglionated trunks of the 
S 3 nnpathetic usually enter the abdominal cavity behind the Diaphragm, deep 
to the medial arcuate ligaments. Openings for minute veins are frequently 
seen in the central tendon. 

♦ Alex. Low, Journal of Anatomy and Physiology y vol. xlii. 

t D. M. Blair, J oumal of Ancdomy, vol. Ivii. p. 203. 

^ stated frequently that the azygos vein passes through the aortic opening, but this 

description is not always strictly accurate (see p. 827). 
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Blair (loc. ciL) describes one of varying size, but of constant position, and present in 
ten out of twelve specimens he examined. It occurs in the angle between the left pair of 
bands as they diverge from the central point of decussation, and he suggests that the vein 
it transmits may represent the suprahepatic part of the left vitelline vein. 

On each side there are two small areas where the muscular fibres of the 
Diaphragm are deficient and are replaced by areolar tissue. One between the 
sternal and costal parts transmits the superior epigastric branch of the internal 
mammary artery and some lymph vessels from the abdominal wall and convex 
surface of the liver. The other, between the fibres springing from the medial 
and lateral arcuate ligaments, is less constant; when this interval exists, 
the upper and back part of the kidney is separate from the pleura by areolar 
tissue only. 

Eelations. — ^The upper surface of the Diaphragm is in relation with three serous mem- 
branes, viz. on each side with the pleura, which separates it from the base of the corre- 
sponding limg, and on the middle leaflet of the central tendon with the pericardium, which 
intervenes between it and the heart. The central portion lies on a slightly lower level than 
the summits of the lateral portions. The greater part of the under surface is covered by 
the peritoneum. The right side is accurately moulded over the convex surface of the right 
lobe of the liver, the right kidney, and right suprarenal gland ; the left over the left lobe of 
the liver, the fundus of the stomach, the spleen, the left kidney, and the left suprarenal gland. 

Nerve-supply. — ^The Diaphragm is supplied by the phrenic nerve and the 
lower six or seven intercostal nerves, the latter being distributed to the peri- 
pheral part of the muscle. 

Actions. — ^The Diaphragm is the principal muscle of inspiration, and presents 
the form of a dome concave towards the abdomen. The central part of the dome 
is tendinous, and the pericardium is attached to its upper surface ; the circum- 
ferential part is muscular. During inspiration the lowest ribs are fixed, and from 
these and the crura the muscular fibres contract and draw downwards and for- 
wards the central tendon with the attached pericardium. In this movement 
the curvature of the Diaphragm is scarcely altered, the dome moving down- 
wards nearly parallel to its original position and pushing before it the abdominal 
viscera. The descent of the abdominal viscera is permitted by the extensibility 
of the abdominal wall, but the limit of this is soon reached. TTie central tendon, 
applied to the abdominal viscera, then becomes a fixed point for the action of 
the Diaphragm, the effect of which is to elevate the lower ribs and through 
them to push forwards the body of the sternum and the upper ribs. The right 
cupola of the Diaphragm, lying on the liver, has a greater resistance to overcome 
than the left, which lies over the stomach, but to compensate for this the right 
crus and the fibres of the right side generally are stronger than those of the left. 

In all expxilsive acts the Diaphragm is called into action to give additional 
power to each effort. Thus, before sneezing, coughing, laughmg, crying, or 
vomiting, and previous to the expulsion of urine, or faeces, or of the foetus fram 
the uterus, a deep inspiration takes place. 

According to Whillis the fibres of the right crus exert a sphincteric action 
on the lower end of the oesophagus in man. The act of expiration, which 
immediately succeeds the act of swallowing, relaxes these fibres and allows 
the contents of the oesophagus to pass into the stomach.* 

The height of the Diaphragm is constantly varying during respiration ; it 
also varies with the degree of distension of the stomach and intestines and with 
the size of the liver. After a forced expiration the right cupola is on a level in 
front with the fourth costal cartilage, at the side with the fifth, sixth, and 
seventh ribs, and behind with the eighth rib ; the left cupola is a little lower 
than the right. Halls Daily f states that the absolute range of movement 
between deep inspiration and deep expiration averages in the male and female 
30 mm. on the right side and 28 mm. on the left ; in quiet respiration the 
average movement is 12-5 mm. on the right side and 12 mm. on the left. 

Skiagraphy shows that the height of the Diaphragm in the thorax varies considerably 
with the position of the body. It stands highest when the body is horizontal and the 
patient on his back, and in this position it performs the largest respiratory excursions 

* J. Whillis, Journal of Anaionvy^ vol, Ixi. 1931. 
t Jotimal of Anatomy and Physiology, vol. xliii. 
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with nomal breathing. When the body is erect the dome of the Diaphragm falls, and 
its respiratory movements become smaUer. The dome falls still lower when the sitting 
posture is assumed, and in this position its respiratory excursions are smallest. When the 
body is horizontal and the patient on his side, the two halves of the Diaphragm do not 
behave alike. The uppermost half sinks to a level lower even than when the patient sits, 
and moves little 'with respiration ; the lower half rises higher in the thorax than it does 
when the patient is supine, and its respiratory excursions are much increased. 

It appears that the .position of the Diaphragm in the thorax depends upon three main 
factors, viz. : (1) the elastic retraction of the lung- tissue, tending to pull it upwards ; 
(2) the pressure exerted on its under surface by the viscera : this naturally tends to be a 
negative pressure, or downward suction, when the patient sits or stands, and a positive, 
or upward pressure, when he lies ; (3) the intra-abdominal tension due to the abdominal 
muscles. These muscles are in a state of contraction in the standing position and not in 
the sitting ; hence the Diaphragm is pushed up higher in the former position. 

Applied Anatomi /, — ^The oblique rise of the Diaphragm from the costal margin to the 
level of the fifth costal cartilage on the right side, and the sixth on the left, has to be borne 
in mind in opening an empyema. If the drainage tube be put in too low down, when the 
abscess cavity contracts the Diaphragm is drawn up against and blocks the tube before 
the abscess is cured. 


The Mechanism or Respiration 

The respiratory movements must be examined during (a) quiet respiration, 
and (h) deep respiration. 

^iet respiration , — ^The first and second pairs of ribs axe fixed by the resist- 
ance of the cervical structures ; the last pair, and through them the eleventh, 
by the Quadratus lumborum. The other ribs are elejvated, so that the first two 
intercostal spaces are diminished while the others are increased in width. It 
has already been shown (p. 450) that elevation of the third, fourth, fifth and 
sixth ribs leads to an increase in the anteroposterior and transverse diameters 
of the thorax : the vertical diameter is increased by the descent of the diaphrag- 
matic dome so that the lungs are expanded in all directions except backwards 
and upwards. Elevation of the eighth, ninth and tenth ribs is accompanied 
by a lateral and backward movement, leading to an increase in the transverse 
diameter of the upper part of the abdomen ; the elasticity of the anterior 
abdominal wall aEows a slight increase in the anteroposterior diameter of this 
part, and in this way the decrease in the vertical diameter of the abdomen is 
compensated and space provided for its displaced viscera. Expiration is effected 
by tie elastic recoE of the thoracic walls, and by the action of the abdominal 
muscles, which push back the displaced abdominal viscera. 

De&p respiration . — ^All the movements of quiet, respiration are here carried 
out, but to a greater extent. In deep respiration the shoulders and the vertebral 
borders of the scapulse are fixed and the Trapezius, Serratus anterior. Pectoral, 
and Latissimus dorsi muscles are called into play. The Scaleni are in strong 
action, and the Sternomastoids also assist when the head is fixed, by drawing 
up the sternum, and by fixing the clavicles. The first ribs are therefore no 
longer stationary, but are raised with the sternum ; with them all the other 
ribs except the last are raised to a higher level. In conjunction with the in- 
creased descent of the Diaphragm this provides for a considerable augmentation 
of aE the thoracic diameters. The anterior abdominal muscles come into action 
so that the umbilicus is drawn upwards and backwards, but this allows the 
Diaphragm to exert a more powerful influence on the lower ribs ; the trans- 
verse diameter of the upper part of the abdomen is greatly increased and the 
infrastemal angle opened out. The deeper muscles of the back, e.g. the Serrati 
posteriores superiores and the Sacrospinales and their continuations, are also 
brought into action ; the thoracic curve of the vertebral column is partially 
straightened, and the whole column, above the lower lumbar vertebrae, drawn 
backwards. This increases the anteroposterior diameters of the thorax and 
upper part of the abdomen and widens the intercostal spaces. Deep expiration 
is effected by the recoE of the thoracic walls and by the contraction of the 
anterolateral muscles of the abdominal wall. 

Halls Dally (foe. cit.) gives the foDowing figures as representing the average changes 
'^yhich occur during deepest possible respiration. The manubrium sterni moves 30 mm. 
in an upward and 14 mm. in a forward direction ; the width of the infrastemal angle, at a 
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level of 30 mm. below the articulation between the body of the sternum and the xiphoid 
process, is increased by 26 mm. ; the umbilicus is retracted and drawn upwards for a 
distance of 18 mm. 

Applied ATuUomy , — ^The changes in the height of the Diaphragm during alterations in 
posture explain why patients su&ering from severe dyspnoea are most comfortable and 
least short of breath when they sit up. In unilateral disease of the pleura or lungs inter- 
ference with the position or movement of the Diaphragm can generally be observed skia- 
graphically. Middleton,* by estimating the vital capacity in cases where the action of 
the Diaphragm was impaired by thoracic wounds or empyema, concludes that the normal 
diaphragmatic contraction is responsible for 60 per cent, of the respiratory exchange in 
deep breathing. 


IV. The Muscles of the Abdomen 

The muscles of the abdomen may be divided into anterolateral and posterior 
groups. 

1. The Anterola-Teeal Muscles 

Obliquus extemus. Transversus. 

Obliquus intemus. Rectus. 

Pyramidalis. 

The superficial fascia of the abdomen consists, over the greater part of the 
abdominal wall, of a single layer containing a variable amount of fat ; but near 
the groin the fascia is easily ^visible into two layers, between which are found 
the superficial vessels, nerves, and inguinal lymph-glands. 

The superficial layer of the fascia is thick, areolar in texture, and contains 
in its meshes a yar^g quantity of fat. Below, it passes over the inguinal 
ligament, and is continuous with the superficial fascia of the thigh. In the male 
this layer is continued over the penis and outer surface of the spermatic cord to 
the scrotum. As it passes to the scrotum it changes its characteristics, becoming 
thin, destitute of achpose tissue, and of a pale reddish colour ; in the scrotum it 
acquires some involuntary muscular fibres and forms the darios muscle. From 
the scrotum it may be traced backwards into continuity with the superficial 
fascia of the perineum. In the female it is continued from the abdomen into 
the labia majora. 

The deep layer of the fascia, thinner and more membranous than the 
superficial layer, contains a considerable quantity of elastic fibres. It is loosely 
connected by areolar tissue to the aponeurosis of the External oblique muscle, 
but in the median plane it is more intimately adherent to the linea alba and 
to the symphysis pubis, and is prolonged on to the dorsum of the penis, forming 
the f undiform ligament ; above, it is continuous with the superficial fascia over 
the rest of the trunk ; below and laterally, it blends with the fascia lata of the 
thigh a little below and parallel with the inguinal ligament (fig. 596) ; below 
and medially, it is continued over the penis and spermatic cord to the scrotum, 
where it helps to form the dartos muscle. From the scrotum it may be traced 
backwards into continuity with the membranous layer of the superficial fascia 
of the perineum (p. 577). In the female it is continued into the labia majora 
and thence to the fascia of the perineum. 

The Obliquus extemus abdominis (fig. 595), situated on the lateral and 
anterior parts of the abdomen, is the largest and the most superficial of the 
three flat muscles in this region. It arises, by eight fleshy slips, from the 
external surfaces and inferior borders of the lower eight ribs ; these sh’ps inter- 
digitate with the slips of origin of the Serratus anterior and Latissimus dorsi, 
and are arranged in an oblique line which runs downwards and backwards, the 
upper ones being attached close to the cartilages of the corresponding ribs, 
the lowest to the apex of the cartilage of the last rib, the middle ones to the 
ribs at some distance from their cartilages. From these attachments the fleshy 
fibres proceed in various directions. Those from the lower two ribs pass nearly 
vertically downwards, and are inserted into the anterior half or more of the 
outer lip of the ventral segment of the iliac crest (p. 368) ; the middle and upper 
fibres, directed downwards and forwards, end in an aponeurosis, opposite a fine 
drawn vertically from the ninth costal cartilage to a little below the level of 
* AmericMn Journal of Medical Science, 1923, p. 222. 
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the umbilicus, and then inclining laterally to the anterior superior iliac spine. 
None of the fleshy fibres of the muscle extend downwards beyond a line drawn 
from the anterior superior iliac spine to the umbilicus. The posterior border of 
the muscle is free. 

The aponeurosis of the External oblique muscle is a thin but strong mem- 
branous structure, the fibres of which are directed downwards and medially. 
In the median plane its fibres end in the linea alba (fig. 595), a tendinous raphe 
which stretches from the xiphoid process to the symphysis pubis. There it is 


Fig. 595. — The left Obliquus externus abdominis. 
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continuous with the aponeurosis of the corresponding muscle of the opposite 
side and the two together cover the front of the abdomen. Above and laterally, 
it is covered by, and gives origin to, the lower fibres of the Pectoralis major ; 
below, its fibres are closely aggregated together, and extend obliquely across 
from the anterior superior iliac spine to the pubic tubercle and the pectineal line. 

The margin of that portion of the aponeurosis which extends between the 
anterior superior iliac spine and the pubic tubercle is a thick band, folded 
backwards upon itself to present a grooved upper surface, and continuous below 
with the fascia lata of the thigh ; it is called the inguinal ligament. A small por- 
tion is reflected from the medial part of the inguinal ligament, and is attached 
to the pectineal line of the pubis ; it is called the pectineal part of the inguinal 
Ugament (lacunar ligament). From the attachment of the latter a few fibres pass 
upwards and medially, behind the superior crus of the superficial inguinal ring 
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(subcutaneous inguinal ring), to the linea alba ; they diverge as they ascend, 
and form a thin triangular fibrous band, which is called the reflected part of the 
inguinal ligament (fig. 602). 

The complete insertion of the muscle can now be summarised. The highest 
fibres axe inserted into the xiphoid process ; the succeeding fibres into the linea 
alba, the upper border of the pubic sjnnphysis and the adjoining part of the 
pubic crest, the pubic tubercle and the adjoining part of the pectineal line ; 
and the lowest fibres into the anterior superior iliac spine and the anterior 
two-thirds of the outer lip of the ventral segment of the iliac crest. 


Fig. 596. — superficial dissection of the groin and the lower part of the anterior 
abdominal wall. Bight side. 
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Nerve-supply. — ^The External oblique muscle is supplied by the anterior 
primary rami of the lower thoracic nerves. 

Actions.— When the thorax and pelvis are fixed the Ea^mal oblique muscles 
compress the abdominal viscera and thus assist in expelling the fasces from the 
rectum, the urine from the bladder, the foetus from the uterus, and the contents 
of the stomach in vomitmg. If the pelvis and vertebral column be fixed the 
muscles depress and compress the lower part of the thorax, assisting in expira- 
tion. If the pelvis alone be fixed, the trunk is bent forwards when both muscles 
act \ if the muscle of one side act, the trunk is bent towards that side and the 
front of the abdomen turned towards the opposite side. If the thorax be fixed, 
the muscles, acting together, draw the front of the pelvis upwards and help 
to flex the lumbar part of the vertebral column. 

Certain parts of the aponeurosis of the External oblique muscle require more 
detailed consideration. 
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The supeifidal inguinal ring (subcutaneous inguinal ring) (figs. 696, 597) is 
an interval in the aponeurosis, just above and lateral to the crest of the pubis. 
The aperture is somewhat triangular in form, and its direction is oblique, 
corresponding with the course of the fibres of the aponeurosis. It measures 
from base to apex about 2-5 cm., and across the base about 1*25 cm. Its base 
is formed by the crest of the pubis, and its sides by the margins of the opening 
in the aponeurosis, which are called the crura of the ring ; above, the crura are 


Fig. 597. — A superficial dissection of the groin and the lower part of the anterior 
abdominal wall. Left side. 
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connected by a series of curved intercrural fibres. The inferior crus of the ring 
is the stronger, and is formed by that portion of the inguinal ligament which is 
inserted into the pubic tubercle ; it is curved so as to form a kind of groove, 
upon which, in the male, the spermatic cord rests. The superior crus is a thin, 
flat band, the fibres of which are attached to the front of the symphysis pubis, 
and interlace with the fibres of the opposite superior crus. 

The superficial inguinal ring gives passage to the spermatic cord and ilio- 
inguinal nerve in the male, and to the round ligament of the uterus and the 
ilio-inguinal nerve in the female ; it is much larger in men than in women, on 
account of the size of the spermatic cord. 

The intercrural fibres are curved, tendinous fibres which arch across the 
lower part of the aponeurosis of the External oblique muscle, describing curves 
with the convexities downwards. They have received their name from the fact 
that they stretch across between the two crura of the superficial in gniTia.l ring. 
They are much thicker and stronger at the inferior crus, where they are con- 
nected to the inguinal ligament, than superiorly, where they are inserted into 
the linea alba. The intercrural fibres increase the strength of the lower part of 
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the aponeurosis, and tend to prevent the divergence of the crura from each 
other ; they are more strongly develox)ed in the male than in the female. As 
they pass across the superficial inguinal ring they are connected together by 
delicate fibrous tissue, forming what is called the external spermatic fascia 
(ix^tercrural fascia). This fascia is continued down as a tubular prolongation 
around the spermatic cord and testis, and forms the outermost of the coverings 
which enclose them. The superficial inguinal ring is seen as a distinct aperture 
only after the continuity between this fascia and the aponeurosis of the External 
oblique muscle has been severed. 

The inguinal ligament (figs. 597, 598) is the lower border of the aponeurosis 
of the External oblique muscle, and stretches from the anterior superior iliac 
spine to the pubic tubercle. Its general direction is convex downwards towards 

Fig. 598. — ^The left inguinal ligament. 



the thigh, and it is continuous with the fascia lata, Its lateral one-half is 
rounded, and oblique in direction ; its medial one-half gradually widens at its 
attachment to the pubis, is more horizontal in direction, and supports the 
spermatic cord. 

The pectineal part of the inguinal ligament (lacunar ligament) (fig. 598) is 
that portion of the aponeurosis of the External oblique muscle which passes 
backwards and laterally from the medial part of the inguinal ligament, and is 
attached to the medial end of the pectineal line. It is of a triangular form, and is 
almost horizontal in direction when the body is in the erect posture ; it is a little 
larger in the male than in the female, and measures about 2 cm. from base to 
apex. Its base, directed laterally, is concave and thin, and forms the medial 
boundary of the femoral ring ; its apex corresponds to the pubic tubercle* Its 
posterior margin is attached to the pectineal line, and is continuous with the 
pectineal fascia ; its anterior margin is continuous with the mguinal ligament. 
Its surfaces are directed upwards and downwards. 

The reflected part of the mguinal ligament (figs. 597, 602) is a triangular- 
shaped layer of tendinous fibres ; it is formed by an expansion from the pec- 
tineal part of the ingm'-na.l ligament and the inferior crus of the superfcial 
m gnipfl.T ring* It passes medially behind the spermatic cord, expands into a 
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triangular band behind the superior crus of the superficial inguinal ring and in 
front of the conjoint tendon (falx inguinalis aponeurotica) ; its fibres interlace 
with those of the opposite ligament at the linea alba. 

TAe pectineal UgamerU (ligament of Gooper ). — This is a strong fibrous band, 
which was first described by Sir Astley Cooper. It extends laterally from the 


Fio. 599. — Dissection of the muscles of the side of the trunk. The External oblique 
muscle has been removed to show the Internal oblique, but its digitations 
from the ribs have been preserved. The sheath of the Bectus has been opened 
and its anterior wall removed. (From Quain’s Anatomy, XI. Edition.) 



Mectus 

ahdom. 


Obliquus 

internus 


DigitcUiona of 
Serratus ant. 


Latissimm 

dorai 


base of the pectmeal part of the inguinal ligament (fig. 598) along the pectineal 
line, to which it is attached. It is strengthened by the pectineal fascia, and by a 
lateral expa^ion from the lower attachment of the linea alba (adminiculum 
hnese albse) (p. 670). 

The Obfiquus mtemiK abdominis (fig. 599), which Hes under cover of the 
tote^ obhque, is a thmner and less bulky muscle. It arises, by fleshy fibres, 
trom the lateral one-half of the grooved upper surface of the inguinal ligament, 
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from the anterior two-thirds of the intermediate area of the ventral segment of 
the iliac crest, and from the lumbar fascia (fig. 589), The posterior fibres ascend 
almost vertically, and are inserted into the inferior borders of the lower three 
ribs, and are there continuous with the Internal Intercostals. The fibres arising 
from the inguinal ligament, paler in colour than the others, arch downwards 
and medially across the spermatic cord in the male and the round ligament 
of the uterus in the female. Becoming tendinous they are inserted, conjointly 


Fig. 600 , — ^The left Transversus abdominis. 
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with the corresponding part of the aponeurosis of the Transversus abdominis, 
into the crest of the pubis and the medial part of the pectineal line, forming what 
is known as the conjoint tendon (inguinal aponeurotic falx). The rest 
fibres of the Internal oblique muscle diverge and end in an aponeurosis which 
gradually broadens from below upwards. The greater part of this aponeums^ 
splits at the lateral border of the Bectus abdominis into two lamellae which 
ensheathe this muscle, and reunite at the linea alba. The anterior layer of 
this sheath blends with the aponeurosis of the External oblique muscle . the 
posterior layer fuses with the aponeurosis of the Transversus abdommis, and 
its upper part is attached to the cartilages of the seventh, eighth and ninth ribs. 

Nerve-supply. — ^The Internal oblique muscle is supplied by the anterior 
primary rami of the lower six thoracic and the first lumbar nerves. 
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Actions. — The actions of the Internal oblique muscles are similar to those of 
the External oblique in compressing the abdomen (p. 561). Acting from below 
the Internal oblique muscle bends the thorax and turns the front of the abdomen 
towards the same side ; acting from above it bends the lumbar part of the 
vertebral column to its own side and turns the front of the abdomen to the 
opposite side. 

The Cremaster (fig. 601) is a thin muscular layer composed of a number of 
fasciculi which arise from the middle of the inguinal ligament, where its fibres 


Fig, 601. — A dissection of the regions shown in fig. 596, but with a part of the 
Obliquus externus removed. 
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are continuous with those of the Internal oblique and also occasionally with 
the Transversus. It passes along the lateral side of the spermatic cord, and 
descends with it through the superficial inguinal ring upon the anterior and 
lateral surfaces of the cord, where it forms a series of loops which differ in thick- 
ness and length. At the upper part of the cord the loops are short, but they 
become successively longer, the longest reaching as far as the tunica vagmahs, 
into which a few are inserted. These loops are united together by areolar tissue, 
and form a thin covering over the cord and testis, named the cremasteric fascia. 
The fibres ascend along the medial and posterior surfaces of the cord, and are 
inserted by a small pointed tendon into the tubercle and crest of the pubis 
and into the front of the sheath of the Rectus abdominis. 

Nerve-supply, — ^The Cremaster is supplied by the genital (external spermatic) 
branch of the gemitofemoral nerve (L. 1 and 2). 

Action. — ^The Cremaster is an involuntary muscle which pulls up the testis. 

The Transversus abdominis (fig. 600), so called from the direction of its fibres, 
is the most internal of the flat muscles of the abdomen, being situated deep to 
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the Internal oblique. It arises by fleshy fibres from the lateral one-third of the 
inguinal ligament, from the anterior two-thirds of the inner lip of the ventral 
segment of the iliac crest, from the lumbar fascia as it extends between the iliac 
crest and the twelfth rib, and from the inner surfaces of the cartilages of the 
lower six ribs, interdigitating with the Diaphragm (fig. 592). The muscle ends 
in an aponeurosis, the lower fibres of which curve downwards and medially, 
and are inserted, together with those of the aponeurosis of the Internal oblique 
muscle, into the crest and pectineal line of the pubis, forming the conjoint 

■ Fig. 602. — dissection of the regions shown in fig. 597, but with portions of the 
Obliqui extemus et internus removed. 
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tendon. The rest of the aponeurosis passes horizontally to the median plane, 
and is inserted into the Imea alba ; its upper three-fourths lie behind the 
Rectus abdominis and blend with the posterior lamella of the aponeurosis of 
the Internal oblique muscle ; its lower one-fourth is in front of the Rectus. 
The upper muscular fibres of the Transversus abdominis are continued medially 
behind the Rectus abdominis (fig. 600) and the posterior lamella of the aponeu- 
rosis of the Internal oblique. Near the xiphoid process they reach to within 
2 or 3 cm. of the linea alba. The muscular fibres of the Transversus abdominis 
run into the aponeurosis along a line which is concave medially (fig. 600), the 
aponeurosis being widest opposite the origin of the muscle from the lumbar 
fascia. 

The conjoint tendon (falx inguinalis aponeurotica) of the Internal oblique and 
Transversus (fig. 602) is mainly formed by the lower part of the tendon of 
the Transversus, and is inserted into the crest and pectineal line of the pubis ; 
it descends behind the superficial inguinal ring, thus serving to protect from 
behind what would otherwise be a weak point in the abdominal waU. The 
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attachment to the pectineal line is frequently absent. ^ Lateral to the conjoint 
tendon, an inconstant ligamentous band, named the interfoveolar ligament (fig. 
603), may connect the lower margin of the Transversus to the superior ramus 
of the pubis ; it sometimes contains a few muscular fibres. 

Nerve-supply. — The Transversus abdominis is supplied by the anterior 
primary rami of the lower six thoracic and the first lumbar nerves. 

Actions. — The Transversi abdominis almost completely encircle the abdo- 
minal cavity ; in action they compress the abdominal contents. 

The Rectus abdominis (fig. 604) is a long flat muscle, broader above than 
below, which extends along the whole length of the front of the abdomen, and 
is separated from its fellow of the opposite side by the linea alba. It arises 
by two tendons ; the lateral and larger is attached to the crest of the pubis : 
the medial interlaces with its fellow of the opposite side and is connected with 
the ligamentous fibres covering the front of the symphysis pubis. The muscle 


Fig. 603. — The interfoveolar ligament. Anterior aspect. 
Modified from Braune. 



is inserted by three slips of unequal size into the cartilages of the fifth, sixth, 
and seventh ribs ; the most lateral fibres are usually inserted into the anterior 
extremity of the fifth rib ; the most medial are occasionally connected with 
the costoxiphoid ligaments and the side of the xiphoid process. 

The rectus is intersected by three fibrous bands, named tendinous inter- 
sections ; one is usually situated opposite the umbilicus, another opposite 
the free end of the xiphoid process, and a third about midway between the 
xiphoid process and the umbilicus. These intersections pass transversely or 
obliquely across the muscle in a zigzag course ; they rarely extend completely 
through its substance and may pass only halfway across it ; they are intimately 
adherent to the anterior lamivo of the sheath of the muscle. Sometimes one or two 
incomplete intersections are present below the umbilicus. 

The Rectus abdominis is enclosed in a sheath (figs. 599, 600, 605) formed by 
the aponeuroses of the Obliqui and Transversus, which are arranged as follows ; 
At the lateral margin of the Rectus, the aponeurosis of the Internal oblique 
divides into two lamellse, one of which passes in front of the Rectus, blending 
with the aponeurosis of the External oblique, the other, behind it, blending 
with the aponeurosis of the Transversus, and these, joining again at the medial 
border of the Rectus, reach the linea alba. This arrangement of the aponeuroses 
exists from the costal margin to midway between the umbilicus and symphysis 
pubis, where the posterior wall of the sheath ends in a curved margin, named 
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the arcuate line {linea semicircularis) (fig. 604), the concavity of which is directed 
downwards. As already stated (p. 567) the muscular fibres of the upper part 
of the Trans versus abdominis are continued behind the corresponding part of 
the Rectus abdominis to within 2 or 3 cm. of the linea alba (figs. 600, 604). 


Fig. 604,— The right Rectus abdominis and the left R:^Tamidalis. The greater 
part of the left Rectus abdominis has been removed to show the superior and 
inferior epigastric vessels. 
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Below the level of the arcuate line the aponeuroses of all three muscles pass in 
front of the Rectus ; those of the Transversus and Internal oblique are inti- 
mately fused together, but the aponeurosis of the External oblique is bound 
to them merely by loose connective tissue except in and near the median plane ; 
behind, the Rectus is separated from the peritoneum by the transversahs fascia 
(fig. 606). Since the aponeuroses of the Internal oblique and Transversus only 
reach as high as the costal margin it follows that above this level the sheath of 
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the Rectus is deficient posteriorly, the muscle resting directly on the cartilages 
of the ribs ; the front of this part of the Rectus is covered merely by the 
aponeurosis of the External oblique muscle. 

The medial border of the muscle is closely related to the linea alba : its 
lateral border is marked on the surface of. the anterior abdominal wall by a 
curved groove, termed the linea semilunaris, which extends from the tip of the 
ninth costal cartilage to the pubic tubercle. It is readily seen in a muscular 
subject even when the muscle is not actively contracting. 

Nerve-supply. — The Rectus abdominis is supplied by the anterior primary 
rami of the lower six or seven thoracic nerves. 


Fig. 605. — A transverse section through the anterior abdominal wall, above 
the umbilicus. Diagrammatic. 
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Actions. — ^The Rectus abdominis acting from above elevates the front of the 
pelvis ; acting from below it depresses the thorax, and in continued action 
flexes the vertebral column. The two muscles are also powerful compressors 
of the abdominal viscera. 

The Pyramidalis (fig. 604) is a triangular muscle, placed at the lower part of 
the abdomen, in front of the Rectus abdominis and within the sheath of that 
muscle. It arises by tendinous fibres from the front of the pubis and from 
the ligamentous fibres in front of the symphysis ; the fleshy portion of the 
muscle passes upwards, diminishing in size as it ascends, and ends in a pointed 
extremity which is inserted into the linea alba midway between the umbilicus 
and pubis, but may extend to a higher level. This muscle may be larger on 
one side than on the other, or may be wanting on one or both sides. 


Fio. 606. — A transverse section through the anterior abdominal wall, below the 
arcuate line. Diagrammatic, 
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Besides the Rectus and Pyramidalis, the sheath of the Rectus contains the 
superior and inferior epigastric arteries, and the terminal portions of the lower 
intercostal nerves. 

Nerve-supply. — The Pyramidalis is supplied by the subcostal nerve (T. 12). 

Action. — ^The Pyramidalis is a tensor of the linea alba. 

The linea alba (figs. 595, 605) is a tendinous raphe stretching between the 
xiphoid process and the symphysis pubis. It is placed between the medial 
borders of the Recti, and is formed by the interlacement of the fibres of the 
aponeuroses of the Obliqui and Transversi. It is narrow below, corresponding 
to the linear interval existing between the Recti ; but broader above, where 
these muscles diverge from each other. Its lower end has a double attach- 
ment — ^its superficial fibres passing in front of the medial heads of the Recti to 
the front of the symphysis pubis, while its deeper fibres form a triangular 
lamella, attached behind the Recti to the posterior surface of the crest of the 
pubis, and named the adminiculum linece albce. The linea alba presents 
apertures for the passage of vessels and nerves ; in the foetus the umbilicus 
transmits the umbilical vessels, but it is closed a few days after birth. 
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The transversaJis fascia is a thin membrane which lies between the imier 
surface of the Transversus muscle and the extraperitoneal fat. It forms part 
of the general layer of fascia lining the abdominal parietes, and is continuous 
with the iliac and pelvic fasciae. In the inguinal region it is thick and dense 
in structure, and is joined b 3 ^ fibres from the aponeurosis of the Transversus, 
but it becomes thin as it ascends to the Diaphragm, and blends with the fascia 
covering the under surface of this muscle. Behind, it is lost on the surface of 
the lumbar (lumbodorsal) fascia, with which it blends. Below, it has the fol- 
lowing attachments : posteriorly, to the whole length of the iliac crest, between 
the origins of the Transversus and Iliacus ; between the anterior superior iliac 
spine and the femoral vessels it is connected to the posterior margin of the 
inguinal ligament, and is there continuous with the iliac fascia. Medial to the 
femoral vessels it is thin and is fixed to the pectineal line of the pubis, behind 
the conjoint tendon, with which it is united ; it descends in front of the femoral 
vessels to form the anterior wall of the femoral sheath. The spermatic cord in 
the male, and the round ligament of the uterus in the female, pass through 
the transversalis fascia at a spot called the deep inguinal ring (abdominal 
inguinal ring). This opening is not visible externally since the transversalis 
fascia is prolonged on these structures as the internal spermatic fascia. 

The deep inguinal ring (abdominal inguinal ring) is situated in the trans- 
versalis fascia, midway between the anterior superior iliac spine and the 
symphysis pubis, and 1*25 cm. above the inguinal ligament. It is of an oval 
form, the long axis of the oval being vertical ; it varies in size in different 
subjects, and is much larger in the male than in the female. It is related above 
to the arched lower margin of the Transversus abdominis, and medially to the 
inferior epigastric vessels and the interfoveolar ligament, when that structure 
is present. It transmits the spermatic cord in the male and the round ligament 
of the uterus in the female. From its circumference a thin fuimel-shaped mem- 
brane, named the internal spermatic fascia, is continued as a covering on the 
spermatic cord and testis. 

The inguinal canal contains the spermatic cord and the ilio-inguinal nerve 
in the male, and the roxmd ligament of the uterus and the ilio-inguinal nerve in 
the female. It is an oblique canal about 4 cm. long, slanting downwards and 
medially, and placed parallel with, and a little above, the inguinal ligament ; it 
extends from the deep (abdominal) inguinal ring to the superficial (subcutaneous) 
inguinal ring. It is bounded in front throughout its whole length by the skin, 
superficial fascia, and aponeurosis of the External oblique, and in its lateral 
one-third by the fleshy fibres of origin of the Internal oblique muscle : behind, 
by the reflected part of the inguinal ligament, the conjoint tendon, and the 
transversalis fascia, which separate it from the extraperitoneal connective tissue 
and the peritoneum ; above, by the arched fibres of the Internal oblique and 
Transversus abdominis ; beloiv, by the union of the transversalis fascia with 
the inguinal ligament, and at its medial end by the pectineal part of the inguinal 
ligament (lacunar ligament). 

The presence of the canal weakens the lower part of the anterior abdominal 
wall, but the weakness thus produced is compensated for partly by the obliquity 
of the canal and partly by the arrangement of the constituent parts of its walls. 
Owing to the obhque direction of the canal the two inguinal rings do not lie 
opposite to one another, and increases in the intra-abdominal pressure exercise 
their effect not only at the deep inguinal ring but also on the posterior wall of 
the canal so as to approximate it to the anterior wall. The posterior wall 
of the canal is strengthened by the conjoint tendon and the reflected part of 
the inguinal ligament precisely opposite to the superficial inguinal ring, and the 
fleshy fibres of the Internal oblique muscle take part in the formation of the 
anterior wall, where it lies opposite to the deep inguinal ring. 

The extraperitoneal connective tissue, — Between the peritoneum and the 
inner surface of the general layer of the fascia which lines the interior of the 
abdominal and pelvic cavities, there is a considerable amount of connective 
tissue, termed the extraperitoneal tissue. 

The extraperitoneal tissue varies in quantity in different situations. It is 
especially abundant on the posterior wall of the abdomen, and particularly 
around the kidneys, where it contains much fat. ’ It is scanty on the antero- 
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lateral wall of the abdomen, except in the pubic region and above the iliac 
crest ; there is a considerable amount in the pelvis. 

2. The Postebioe Muscles of the Abdomei^ 

Psoas major. Iliacus. 

Psoas minor. Quadratus lumborum. 

The Psoas major, the Psoas minor, and the Iliacus, with the fasciae covering 
them, are described with the muscles of the lower limb (pp. 621 to 623). 

The fascia covering the Quadratus lumborum is the anterior layer of the 
lumbar fascia (p. 546). It is attached, medially, to the anterior surfaces of the 
transverse processes of the lumbar vertebrse ; below, to the iliolumbar hgament ; 
above, to the apex and lower border of the last rib. The upper margin of this 
fascia, which extends from the transverse process of the first lumbar vertebra 
to the apex and lower border of the last rib, constitutes the lateral arcuate 
ligament (lateral lumbocostal arch) (p. 565). Laterally, the fascia blends with 
the fused posterior and middle layers of the lumbar fascia (fig. 589). 

The Quadratus lumborum (figs. 590, 638) is irregularly quadrilateral in 
shape, and broader below than above. It arises by aponeurotic fibres from 
the iliolumbar ligament and the adjacent portion of the iliac crest for about 
5 cm., and is inserted into the medial one-half of the lower border of the last 
rib, and by four small tendons into the apices of the transverse processes of 
the upper four lumbar vertebrae. Occasionally a second portion of this muscle 
is found in front of the preceding ; it arises from the upper borders of the 
transverse processes of the lower three or four lumbar vertebrae, and is inserted 
into the lower margin and the lower part of the anterior surface of the last rib. 

In front of the Quadratus lumborum are the colon, the kidney, the Psoas 
major et minor, and the Diaphragm ; the subcostal, iliohypogastric, and ilio- 
inguinal nerves lie in front of the fascia which covers the muscle but are bound 
down to it by the continuation medially of the transversalis fascia. 

Nerve-supply. — The Quadratus lumborum is supplied by the anterior 
primary rami of the twelfth thoracic and upper three or four lumbar nerves. 

Actions. — ^The Quadratus lumborum draws down the last rib, and acts as 
a muscle of inspiration by helping to fix the origin of the Diaphragm. If the 
thorax and vertebral column are fixed, it may act upon the pelvis, raising it 
towards its own side when only one muscle is put in action ; and when both 
muscles act together they help to extend the lumbar part of the vertebral 
column. 


V. The Muscles of the Pelvis 

Obturator internus. Levator ani. 

Piriformis. Coccygeus. 

The muscles within the pelvis may be divided into two groups : (1) the 
Piriformis and the Obturator internus, which are described with the muscles 
of the lower limb (pp. 633, 635) ; (2) the Levator ani and the Coccygeus, 
which, with the correspondin g muscles of the opposite side, form the pelvic 
diaphragm. The classification of the two groups under a common heading is 
convenient in connexion with the fascise investing the muscles. These fasciae 
are closely related to one another and to the deep fascia of the perineum, 
and in addition are connected with the fascial coverings of the pelvic viscera ; 
it is customary therefore to describe them together under the term pelvic 
fascia. 

Pelvic fascia. — The fascia of the pelvis may be resolved into : (a) the fascial 
sheaths of the pelvic muscles ; (b) the fascial sheaths of the pelvic viscera (see 
section on Splanchnology). 

The fascia of the Obturator internus covers the pelvic surface of the muscle, 
and is attached round the margin of its origin. Above, it is connected to 
the posterior part of the arcuate fine of the hip-bone, and is there continuous 
with the iliac fascia. In front of this, as it follows the line of origin of the 
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Obturator internus, it gradually separates from the iliac fascia, and the con- 
tinuity between the two is retained only through the periosteum. It arches 
below the obturator vessels and nerve, completing the obturator canal, and 
at the front of the pelvis is attached to the back of the body of the pubis. 
The lower part of the obturator fascia forms the lateral wall of the ischiorectal 
fossa, and is attached inferiorly to the falciform process of the sacro-tuberous 
ligament and to the pubic arch ; at the pubic arch it is continuous with the 
fascia on the deep surface of the Deep transversus perinei and the Sphincter 
urethrsB. Behind, it is indirectly continuous \\ith the fascia of the Piriformis. 

The internal pudendal vessels and their accompanying nerves are placed in 
the lateral wall of the iscliiorectal fossa, and are enclosed in a special sheath of 
the fascia, named the pudendal canal. 

The fascia of the Piriformis is very thin and is attached to the front of the 
sacrum around the margins of the anterior sacral foramina. At its sacral 
attachment it comes into intimate association with and ensheathes the nerves 

Fig. 607. — A coronal section through the pelvis, showing the arrangement of the 
fascisB and the sheath of the prostate. Diagrammatic. 



emerging from these foramina ,* hence the sacral nerves are frequently described 
as lying behind the fascia. The internal iliac (hypogastric) vessels and their 
branches, on the other hand, lie in the extraperitoneal tissue in front of the 
fascia, and the branches of these vessels to the gluteal region emerge in special 
sheaths of this tissue, above and below the Piriformis muscle. 

The fascia of the pelvic diaphragm (fig. 607) covers both surfaces of the 
Levatores ani. That on the inferior surface of the muscle is very thin, and is 
known as the anal fascia ; it forms the medial wall of the ischiorectal fossa, 
and above is continuous with the obturator fascia along the line of origin of the 
Levator ani ; it is continuous below with the fascia on the Sphincter urethrae 
and the Sphincter ani extemus. On the lateral side the layer covering the upper 
surface of the Levator ani follows the line of origin of the muscle, and is therefore 
somewhat variable. In front it is attached to the back of the symphysis pubis 
about 2 cm. above its lower border, and can be traced laterally across the back 
of the superior ramus of the pubis for a distance of 1*25 cm., when it reaches the 
obturator fascia. It blends with this fascia along a line which pursues a some- 
what irregular course to the spine of the ischium. The irregularity of this line 
is explained by the fact that whereas in lower mammals the Levator ani arises 
posteriorly from the pelvic brim, in man it has descended to a lower level and 
arises from the obturator fascia. In some cases tendinous fibres of origin extend 
up towards, and may reach, the pelvic brim, carrying the fascia with them. 
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Internally the fascia covering the upper surface of the pelvic diaphragm blends 
with the fascial sheaths of the pelvic viscera. The fascia covering that part of the 
Obturator internus which lies above the origin of the Levator ani is therefore 
a composite structure and includes, (a) the ob^turator fascia, (6) the fascia of the 
Levator ani, and (c) the degenerated fibres of origin of the Levator ani. 

At the level of a line extending Jfrom the lower part of the symphysis pubis 
to the spine of the ischium there is a thickened whitish band in this upper layer 
of the fascia of the pelvic diaphragm. It is termed the tendinous arch of the 
•pelvic fascia, and marks the line of attachment of the lateral true ligament of 
the urinary bladder. Anteriorly the fascia forms two thickened bands, named 
the puboprostatic ligaments, one on each side of the median plane. 

Fig. 608 . — A median sagittal section through the pelvis, showing the arrangement 
of the fasciae. Diagrammatic. 



The Levator ani (fig. 609) is a broad, thin muscle ; it is attached to the 
inner surface of the side of the false (lesser) pelvis, and unites with its fellow of 
the opposite side to form the greater part of the floor of the pelvic cavity. 
It arises, in front, from the pelvic surface of the body of the pubis lateral to 
the symphysis ; behind, from the inner surface of the spine of the ischium ; 
and between these two points, from the obturator fascia. Posteriorly this origin 
from the obturator fascia corresponds, more or less closely, with the tendinous 
arch of the pelvic fascia, but in front, the muscle arises from the fascia at a 
varying distance above the arch, in some cases reaching nearly as high as the 
canal for the obturator vessels and nerve. The fibres pass towards the median 
plane with varying degrees of obliquity, {a) The most anterior fibres sweep 
backwards and downwards across the side of the prostate to be inserted into 
the perineal body (central point of the perineum) (p. 577). They constitute the 
Levator prostate in the male, but in the female they cross the side of the vagina 
to reach their insertion, and so constitute an additional and important sphincter 
for that structure, (b) The succeeding fibres pass backwards and downwards 
across the side of the prostate and the upper end of the anal canal, and turn 
medially at the anorectal flexure to become continuous with the corresponding 
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fibres of the opposite side, but a number of them are lost in the waU of the anal 
canal. This part of the muscle is termed the Puborectalis. (c) The remaining 
fibres are inserted into the side of the last two segments of the coccyx and into 
a median fibrous raphe which stretches between the coccyx and the anorectal 
flexure. 

Morphologically, the Levator ani may be divided into Iliococcygeus and Pubococcygeus. 

The Iliococcygeus arises from the ischial spine and from the posterior part of the ten- 
dinous arch of the pelvic fascia, and is attached to the coccyx and the median raphe ; it 


Fig. 609. — The left Levator ani. Pelvic surface. 



Median raphe 


is usually thin, and may fail entirely or be replaced largely by fibrous tissue. An accessory 
slip at its posterior part is sometimes nam^ the lliosacralis. The Pubococcygeus arises 
from the back of the pubis and from the anterior part of the obturator fascia, and is 
directed backwards almost horizontally along the side of the anal canal. Between the 
coccyx and the canal the Pubococcygei come together and form a thick, fibromuscular 
layer lying on the raphe formed by the Iliococcygei. In lower mammals both muscles are 
inserted only into the caudal vertebrae. The iliococcygeus is responsible for side to side 
movements of the tail, and the Pubococcygeus draws it downwards and forwards between 
the hind limbs. The gradual disappearance of the tail sets free these muscles to meet the 
demands for a more complete pelvic floor made by the gradual adoption of the erect attitude. 

Kelations. — ^The upper or pelvic surface of the Levator ani is separated by its covering 
fascia from the bladder, prostate, rectum, and peritoneum. Its lower oi perineal surface 
forms the medial boundary of the ischiorectal fossa, and is covered by the anal fascia. 
Its posterior border is free and separated from the Coccygeus muscle by areolar tissue. Its 
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anterior border is separated from the muscle of the opposite side by a triangular space, 
through which the urethra and, in the female, the vagina pass from the pelvis. 

Nerve-supply. — The Levator am is supplied by a branch from the fourth 
sacral nerve and by a branch which arises either from the perineal, or from 
the inferior hsemorrhoidal, division of the pudendal nerve. 

Actions. — The Levatores ani constrict the lower end of the rectum and 
vagina and steady the perineal body (central point of the perineum). Together 
with the Coccygei they form a muscular diaphragm which supports the pelvic 
viscera and opposes itself to the downward thrust produced by any increase in 
the intra-abdominal pressure. 

The Coccygeus (fig. 609) is situated behind the Levator ani. It is a triangular 
sheet of muscidar and tendinous fibres, arising by its apex from the pelvic 
surface of the spine of the ischium and jfrom the sacrospinous ligament, and 
inserted by its base into the margin of the coccyx and into the side of the 
lowest piece of the sacrum. It assists the Levator ani and Piriformis in closing 
the posterior part of the outlet of the pelvis. 

Nerve-supply. — The Coccygeus is supplied by a branch from the fourth and 
fifth sacral nerves. 

Actions. — The Coccygei puU forward and support the coccyx, after it has 
been pressed backwards during defaecation or parturition. 

Applied Anatomy . — ^Injury to the muscles forming the pelvic floor occurs not in- 
frequently during parturition. When the perineal body (p. 577) has been torn through, 
and has not been repaired satisfactorily, the contraction of the anterior fibres of the Levator 
ani increases instead of diminishing the normal gap in the pelvic floor, and prolapse of the 
uterus results ; in severe cases the ovaries, bladder and rectum may also prolapse. 


VI. The Muscles oe the Perineum 

The perineum corresponds to the outlet of the pelvis. Its deep boundaries 
are — ^in front, the pubic arch and the inferior pubic hgament ; behind, the 
tip of the coccyx ; and on each side the inferior ramus of the pubis and the 
ramus of the ischium, the ischial tuberosity and the sacrotuberous ligament. 
The space within these* boundaries is somewhat lozenge-shaped. On the surface 
of the body the perineum is limited by the scrotum in front, the buttocks 
behind, and the medial sides of the thighs laterally. A line drawn transversely 
in front of the ischial tuberosities divides the space into two portions. The 
posterior contains the termination of the anal canal, and is known as the anal 
region ; the anterior contains the external urogenital organs, and is termed the 
urogenital region. 

The muscles of the perineum may therefore be divided into two groups : 

1. Those of the anal region. 

2. Those of the urogenital region : a. In the male ; b, In the female. 


1. The Muscles of the Anal Region 
Sphincter ani externus. 

The superficial fascia is very thick, areolar in texture, and contains much 
fat in its meshes. On each side a pad of fatty tissue extends deeply between 
the Levator ani and Obturator internus into a space known as the ischiorectal 
fossa. 

The deep^ fascia forms the lining of the ischiorectal fossa ; it comprises 
the anal fascia, and that part of the obturator fascia which lies below the origin 
of Levator ani. 

Ischiorectal fossa . — The fossa is somewhat wedge-shaped, with its base 
directed to the surface of the perineum, and its thin edge at the line of meeting 
of the obturator and anal fasciae. It is bounded medially by the Sphincter ani 
externus and the anal fascia ; laterally, by the tuberosity of the ischium and 
the obturator fascia ; anteriorly, by the perineal membrane (inferior fascia of 
the urogenital diaphragm) ; posteriorly, by the Gluteus maximus and the sacro- 
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tuberous ligament. The inferior rectal vessels and the inferior hsemorrhoidal 
nerve cross the space transversely from the lateral to the medial side ; the 
perineal and perforating cutaneous branches of the sacral plexus are found in 
the posterior part of the fossa ; while from the anterior part the scrotal (or 
labial) vessels and nerves emerge. The internal pudendal vessels and pudendal 
nerve lie on the lateral wall of the fossa, in the pudendal canal (p. 573). The 
fossa is filled with fatty tissue, across which numerous fibrous bands extend. 

The Sphincter ani extemus (figs. 610, 612) is a flat sheet of muscular fibres, 
elliptical in shape and intimately adherent to the skin surrounding the anus. 
It measures from 8 to 10 cm. in length and is about 2-5 cm. in width opposite 
the aims. It consists of two portions, superficial and deep. The superficial 
portion constitutes the chief part of the muscle, and arises by a narrow ten- 
dinous band from the tip of the coccjrx ; the muscle consists of two flattened 
sheets which pass one on each side of the anus and meet in front to be inserted 
into the perineal body (central tendinous point of the perineum), joining with 
the Transversus perinei superficialis, the Levator ani, and the Bulbospongiosus 
(Bulbocavernosus) . The deep portion forms a complete sphincter to the anal 
canal. Its fibres surround the canal, closely applied to the Puborectahs and 
the Sphincter ani internus, and in front blend with the other muscles at the 
perineal body. In a considerable proportion of cases the fibres decussate in 
front of the anus, and are continuous with the Transversi perinei superficiales. 
The upper edge of the muscle is ill-defined, since it receives numerous fibres 
from the Puborectalis. 

Nerve-supply. — The Sphincter ani extemus is supplied by a branch from the 
fourth sacral nerve and by twigs from the inferior hsemorrhoidal branch (S. 2 
and 3) of the pudendal nerve. 

Actions. — The Sphincter ani extemus is normally in a state of tonic con- 
traction, and having no antagonistic muscle it keeps the anal canal and orifice 
closed. It can be put into a condition of greater contraction under the influence 
of the will, so as to occlude the anal aperture more fibnooly. Taking its fixed 
point at the coccyx, it helps to fix the. perineal body (central point of the 
perineum). 


2. A. The Muscles of the Ubogenital Region in the Male (fig. 610) 

Transversus perinei superficialis. Ischiocavernosus. 

Bulbospongiosus. Transversus perinei profundus. 

Sphincter urethrae. 

The superficial fascia of this region consists of a superficial, fatty, and a 
deeper, membranous layer. 

The fatty layer is thick, loose, areolar in texture, and contains a variable 
amount of fat in its meshes. In front, it is continuous with the dartos muscle 
of the scrotum ; behind, with the subcutaneous areolar tissue surrounding the 
anus ; and, on each side, with the same fascia on the medial sides of the thighs. 
In the median plane, it is adherent to the skin and to the membranous layer of 
the superficial fascia. 

The membranous layer of superficial fascia (fig. 608) is thin, aponeurotic in 
structure, and of considerable strength, serving to bind down the muscles of 
the root of the penis. It is continuous, in front, with the dartos muscle, the 
deep fascia of the penis, and the membranous layer of the superficial fascia 
upon the anterior wall of the abdomen ; on each side it is attached to the margins 
of the rami of the pubis and ischium, lateral to the crus penis and as far back 
as the tuberosity of the ischium ; posteriorly it curves round the Transversi 
perinei superficiales to join the posterior margin of the perineal membrane 
(inferior fascia of the urogenital diaphragm) and the perineal body (central 
point of the perineum). In the median plane it is connected with the superficial 
fascia and with the median septum of the Bulbospongiosus. At its posterior 
part this fascia sends upwards from its deep surface a median septum, which 
incompletely divides the posterior portion of the subjacent space. 

The perineal body (central tendinous point of the perineum). — ^This is a 
fibromuscular node in the median plane, about 1*25 cm. in front of the anus, 
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and close to the bulb of the penis (urethral bulb). Towards this point six 
muscles converge and are attached : viz. the Sphincter ani externus, the 
Bulbospongiosus, the two Transversi perinei superficiales, and the anterior 
fibres of the two Levatores ani. In adchtion, it receives longitudinal involunt- 
ary fibres from the rectal ampulla and the anal canal. It is a compact little 
node, and the importance of its integrity to the pelvic floor in the female has 
already been mentioned (p. 576). , " 

The Transversus perinei superficialis is a narrow muscular slip which passes 
more or less transversely across the perineal space in front of the anus. It is 


Fig. 610. — ^The muscles of the male perineum. (From Quain’s 
Anatomy^ XI. Edition). 
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often feebly developed, and is sometimes absent. It arises by tendinous fibres 
from the medial and anterior part of the tuberosity of the ischium, and, running 
medially, is inserted into the perineal body, jo ining in this situation with the 
muscle of the opposite side, with the Sphincter ani externus behind, and with 
the Bulbospongiosus in front. In some cases, the fibres of the deeper layer of 
the Sphincter ani externus decussate in front of the anus and are continued 
into this muscle. Occasionally it gives off fibres which join with the Bulbo- 
spongiosus of the same side. 

^ Action. — The simultaneous contraction of the two Transversi perinei super- 
ficiales helps to fix the perineal body. 

The Bulbospongiosus (Bulbocavemosus) is placed in the median line of the 
perineum, in front of the anus, and consists of two symmetrical parts, united 
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by a median tendinous raphe. It arises from this median raphe and from the 
perineal body (central tendinous point of the perineum). Its fibres diverge 
like the barbs of a quill-pen ; the most posterior form a thin layer, which is lost 
on the perineal membrane (inferior fascia of the urogenital diaphragm) ; the 
middle fibres encircle the bulb and the adjacent part of the corpus spongiosum 
penis (corpus cavemosum urethrae), and are inserted into a strong aponeurosis 
on the upper part of that structure ; the anterior fibres spread out over the side 
of the corpus cavemosum penis, to be inserted partly into that body, anterior 
to the Ischiocavernosus, and partly into a tendinous expansion which covers 
the dorsal vessels of the penis. 

Actions. — The Bulbospongiosus serves to empty the canal of the urethra, 
after the bladder has expelled its contents ; during the greater part of the act 
of micturition its fibres are relaxed, and they only come into action at the end 
of the process. The middle fibres are supposed by Krause to assist in the 
erection of the corpus spongiosum penis, by compressing the erectile tissue 
of the bulb. The anterior fibres,- according to Tyrrel, also contribute to the 
erection of the penis by compressing the deep dorsal vein of the penis, as their 
tendinous expansion is inserted into, and is continuous with, the fascia covering 
the dorsal vessels of the penis. 

The Ischiocavernosus covers the crus penis. It arises by tendinous and 
fleshy fibres from the inner surface of the tuberosity of the ischium, behind the 
crus penis ; and from the ramus of the ischium on both sides of the crus. The 
muscular fibres end in an aponeurosis which is inserted into the sides and under 
surface of the crus penis. 

Action. — The Ischiocavernosus compresses the crus penis, and retards the re- 
turn of the blood through the veins, and thus serves to maintain the penis 
erect. 

Between the muscles just examined a triangular space exists, bounded 
medially by the Bulbospongiosus, laterally by the . Ischiocavernosus, and be- 
hind by the Transversus perinei superficialis ; the floor is formed by the 
perineal membrane (inferior fascia of the urogenital diaphragm). The 
scrotal vessels and nerves, and the perineal branch of the posterior femoral 
cutaneous nerve traverse the space from behind forwards ; the transverse 
perinepd artery courses along its posterior boundary on the Transversus perinei 
superficiahs. 

The deep fascia of the urogenital region forms an investment for the Trans- 
versus perinei profundus and the Sphmcter urethrae, but within it there are 
also the deep vessels and nerves of this part. It is stretched almost horizontally 
across the pubic arch, so as to close the anterior part of the pelvic outlet. It 
consists of two membranous laminae (fig. 611), which are united at the free 
edges of the muscles. The stronger and more superficial of these laminae is 
named the perineal membrane (Merior fascia of the urogenital diaphragm). 
Its base, directed backwards, is connected to the perineal body and is continuous 
with the anal fascia, and, behind the Transversus perinei superficiahs, with the 
membranous layer of the superficial fascia. Its lateral margins are attached to 
the inferior ramus of the pubis and the ramus of the ischium, above the crus 
penis. Its apex, directed forwards, is thickened to form the transverse 'perineal 
ligament ; between this ligament and the inferior pubic ligament the deep 
dorsal vein of the penis (or clitoris) enters the pelvis. It is perforated, from 
2 to 3 cm. below the symphysis pubis, by the urethra, the aperture for which is 
circular and about 6 mm. in diameter ; by the arteries and nerves to the bulb 
and, close to the urethra, by the ducts of the bulbo-urethral glands ; by the 
deep arteries of the penis, one on each side close to the pubic arch and about 
halfway along the attached margin of the membrane ; by the dorsal arteries 
and lierves of the penis near the apex of the membrane. Its base is also per- 
forated by the scrotal vessels and nerves. 

If the perineal membrane be detached the following structures will be 
exposed : the membranous portion of the urethra, the Transversus perinei 
profundus and Sphincter urethrae, the bulbo-urethral glands and their ducts, 
the pudendal vessels and dorsal nerves of the penis, the arteries and nerves of 
the bulb of the penis, and a plexus of veins.. 

These structures are separated from the pelvis by a second, but less definite 
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layer of fascia, which forms the deeper of the two laminse of the deep fascia 
of the urogenital region. It is continuous with the obturator fascia and stretches 
across the pubic arch. If the obturator fascia be traced medially after leaving 
the Obturator internus muscle, it will be found attached by some of its anterior 
fibres to the inner margin of the pubic arch, while its posterior fibres pass over 
this attachment to become continuous with the fascia on the deep surface of the 
Sphincter urethrae and the Transversus perinei profundus. Behind, this layer 
of the fascia blends with the perineal membrane, the perineal body and the 
membranous layer of the superficial fascia ; above, at the point where it is 
pierced by the urethra, it becomes continuous with the fascial sheath of the 
prostate. 

The Transversus perinei profundus* arises from the rami of the ischium 
and runs to the median plane, where it interlaces in a tendinous raphe with 
its fellow of the opposite side. It lies in the same plane as the Sphincter 
urethrse ; formerly the two muscles were described together as the Constrictor 
or Compressor urethrce. 


Fig. 611. — A coronal section through the anterior part of the pelvis. 
Anterior aspect. Diagrammatic. 



Action.— The Transversus perinei profundus is a tensor of the perineal bo'dy 
(central point of the perineum), 

J^e Sphincter urethrae surrounds the membranous portion of the urethra, 
and hes between the two layers of the deep fascia of the urogenital region. Its 
external fibres arise from the junction of the rami of the pubis and ischium, to 
the ^tent of 1 *25 or 2 cm., and from the neighbouring fascise. They arch across 
the front of the uretlma and bulbo-urethral glands, pass round the urethra, 
and hehmd it imte with the muscle of the opposite side, by means of a ten- 
dinous raphe. Its innermost fibres form a continuous circular investment for 
the membranous urethra. 


Actions. The muscles of both sides act together as a sphincter, compressing 
me membranous portion of the urethra. During micturition they, like the 
Bulbospongiosns, are relaxed, and only come into action at the end of the pro- 
cess to eject the last drops of urine. 

Nerve-supply.—^ the muscles of the urogenital region are supplied by the 
permeal branch of the pudendal nerve (S. 2, 3 and 4). 


*In the B.N.A. the Transversus perinei profundus 
meluded under the term ‘ urogenital diaphragm.’ 


and the Sphincter urethr^ are 
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2. B. The Muscles oe the Urogenital Region in the Female (fig. 612) 

Transversus perinei superficialis. Ischiocavernosus. 

Bulbospongiosus. Transversus perinei profundus. 

Sphincter urethrse. 

The Transversus perinei superficialis in the female is a narrow muscular 
shp, which differs but little from the corresponding muscle in the male (p. 578) . 

The Bulbospongiosus (Bulbocavernosus) surrounds the orifice of the vagina. 
It covers the lateral parts of the vestibular bulbs, and is attached posteriorly 
to the perineal body (central tendinous point of the perineum), where it blends 
with the Sphincter ani externus. . Its fibres pass forwards on each side of the 
vagina, to be inserted into the corpora cavernosa clitoridis ; a fasciculus crosses 
over the body of the clitoris so as to compress the deep dorsal vein. 


Fig. 612. — ^The muscles of the female perineum. (Modified from a drawing by 

Peter Thompson.) 
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Urethra 
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Actions. — ^The Bulbospongiosus diminishes the orifice of the vagina. The 
anterior fibres contribute to the erection of the clitoris by the compression of 
its deep dorsal vein. 

The Ischiocavernosus, smaller than the corresponding muscle in the male, 
covers the unattached surface of the crus clitoridis. It arises by tendinous and 
fleshy fibres from the inner surface of the tuberosity of the ischium, behind the 
crus clitoridis ; and from the adjacent portion of the ramus of the ischium. 
The muscular fibres end in an aponeurosis which is inserted into the sides and 
under surface of the crus clitoridis. 

Actions. — The Ischiocavernosus compresses the crus clitoridis and retards 
the return of blood through the veins, and thus serves to maintain the cfltoris 
erect. 

The perineal membrnrie' (inferior fascia of the urogenital diaphragm) in the 
female is weaker than that in the male, and is pierced by the aperture of the 
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vagina, with the external coat of which it blends. It covers the following struc- 
tures : portions of the urethra and the vagina, the Transversus perinei pro- 
fundus and Sphincter urethrse muscles, the greater vestibular glands and their 
ducts, the mternal pudendal vessels, the dorsal nerves of the clitoris, the arteries 
and nerves of the vestibular bulbs, and a plexus of veins. 

The Transversus perinei profundus arises from the ramus of the ischium 
and runs across behind the vagina to meet the corresponding muscle of the 
opposite side. The more anterior fibres become lost in the vaginal wall. 

Action. — ^The Transversus perinei profundus helps to fix the perineal body 
(central tendinous point of the perineum). 

The Sphincter urethrae, like the corresponding muscle in the male, consists 
of external and internal fibres. The external fibres arise on either side from the 
margin of the inferior ramus of the pubis. They are directed across the pubic 
arch in front of the urethra, and pass romid it to blend with the muscular fibres 
of the opposite side, between the urethra and vagina. The innermost fibres 
encircle the lower end of the urethra. 

Actions. — ^The muscles of the two sides act as a constrictor of the urethra. 


THE FASCIiE AND MUSCLES OF THE UPPER LIMB 

The muscles of the upper limb are divisible into the following groups : 

I. Muscles connecting the upper limb with the vertebral column. 

II. Muscles connecting the upper limb with the anterior and lateral thoracic 
walls. 

III. Muscles of the shoulder. IV. Muscles of the upper arm. 

V. Muscles of the forearm. VI. Muscles of the hand. 


I. The Muscles coNHECTiNa the Upper Limb with the Vertebral 

Column 


Trapezius. Rhomboideus major. 

Latissimus dorsi. Rhomboideus minor. 

Levator scapulas. 

The superficial fascia of the back forms a layer of considerable thickness 
and strength, and contains a quantity of granular fat. It is continuous with 
the general superficial fascia. 

The deep fascia is a dense fibrous layer, attached above to the superior nuchal 
line of the occipital bone ; in the median plane it is fixed to the ligamentum 
nuchae and supraspinous ligament, and to the spines of all the vertebrae below 
the seventh cervical ; laterally, in the neck it is continuous with the deep 
cervical fascia ; over the shoulder it is attached to the spine and acromion of 
the scapula, and is continued downwards over the Deltoid to the arm ; on the 
thorax it is continuous with the deep fascia of the axilla and chest, and on the 
abdomen with that covering the abdominal muscles ; below, it is attached to 
the crest of the ilium. 

The Trapezius (fig. 613) is a flat, triangular muscle, covering the back of 
the neck and shoulder. It arises from the medial one-third of the superior 
nuchal line of the occipital bone, the external occipital protuberance, the liga- 
mentum nuchse, the spine of the seventh cervical, and the spines of all the 
thoracic vertebrae, and the corresponding portion of the supraspinous ligament. 
The superior fibres proceed downwards and laterally, the inferior upwards and 
laterally, and the middle horizontally ; the superior fibres are inserted into the 
posterior border of the lateral one-third of the clavicle ; the middle fibres into 
the medial margin of the acromion and the superior fip of the crest of the spine 
of the scapula ; the inferior fibres converge and end in an aponeurosis, which 
glides over the smooth triangular surface at the medial end of the spine of the 
scapula and is inserted into a tubercle at the apex of this smooth triangular 
surface. The upper part of the Trapezius is connected to the occipital bone by 
a thin fibrous lamina, firmly adherent to the skin ; the middle part arises by a 
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broad semi-elliptical aponeurosis, widcb reaches from the sixth cervical to the 
third thoracic vertebra ; the lower part arises by short tendinous fibres. The 
two Trapezius muscles together resemble a trapezium, or quadrangle ; two 
angles corresponding to the shoulders ; a third to the occipital protuberance ; 
and the fourth to the spine of the twelfth thoracic vertebra.* 

The clavicular insertion of this muscle varies in extent ; it sometimes 
reaches as far as the middle of the clavicle, and occasionally blends with the 
posterior edge of the Sternomastoid. 

Nerve-supply. — The Trapezius is supplied by the accessory nerve and by 
branches from the third and fourth cervical nerves. 

Actions. — ^When the head is fixed, the Trapezius acting with the Levator 
scapulae elevates the scapula and with it the point of the shoulder ; acting with 
the Serratus anterior, the Trapezius rotates the scapula in a forward direction 
so that the arm can be raised above the head ; acting with the Rhomboids, 
the Trapezius retracts the scapula and so braces back the shoulder. When the 
shoulder is fixed, the Trapezius draws the head backwards and laterally. 

The tonus of the Trapezius muscles is responsible for maintaining the level 
and poise of the shoulders ; when it is impaired, drooping of the shoulders is 
an obvious feature. 

The Latissimus dorsi (fig. 613) is a large, triangular, fiat muscle, which covers 
the lumbar region and the lower one-half of the thoracic region ; but its fibres 
converge to a narrow tendon of insertion. It arises by tendinous fibres from 
the spines of the lower six thoracic vertebrae under cover of the Trapezius, and 
from the posterior layer of the lumbar fascia (p. 546), by which it is attached to 
the spines of the lumbar and sacral vertebrae, to the supraspinous ligament, and 
to the posterior part of the crest of the ilium. In addition, it arises by muscular 
fibres from the posterior part of the outer lip of the crest of the ihum, lateral 
to the margin of the Sacrospinalis, and by fieshy slips from the three or four 
lower ribs ; the latter interdigitate with the lower digitations of the Obliquus 
abdominis extemus (fig. 595). From this extensive origin the fibres pass ha 
different directions, the upper ones horizontally, the middle obliquely upwards, 
and the lower almost vertically upwards, so as to converge and form a thick 
fasciculus, the upper part of which crosses, and usually receives a few fibres from, 
the inferior angle of the scapula. The muscle curves around the lower border 
of the Teres major, and is twisted upon itself, so that the superior fibres become 
at first posterior and then inferior, and the ascending fibres at first anterior and 
then superior. It ends in a quadrilateral tendon, about 7 cm. long, which passes 
in front of the tendon of the Teres major, and is insetted into the bottom of 
the bicipital groove (intertubercular sulcus) of the humerus, giving an expansion 
to the deep fascia of the upper arm ; its insertion extends higher on the 
humerus than that of the tendon of the Pectoralis major. The lower border 
of its tendon is united with that of the Teres major, the surfaces of the two 
tendons being separated near their insertions by a bursa ; another bursa is 
sometimes interposed between the muscle and the inferior angle of the scapula. 

A muscular slip, named the axillary arch^ varying from 7 to 10 cm. in length, and from 
5 to 15 mm. in breadth, occasionally springs from the upper edge of the Latissimus dorsi 
about the middle of the posterior fold of the axilla, and crosses the axilla in front of the 
axillary vessels and nerves, to joia the under surface of the tendon of the Pectoralis major, 
the Coracobrachialis, or the fascia over the Biceps. This axillary arch crosses the axillary 
artery, just above the spot usually selected for the application of a ligature, and may mislead 
the surgeon during the operation. It is present in about seven per cent, of subjects and may 
be recognised easily ^‘by the direction of its fibres. 

A fibrous slip usually passes from the lower border of the tendon of the Latissimus 
dorsi, near its insertion, to the long head of the Triceps. This is occasionally muscular, 
and is the representative of the dorso-epitrochlearis hrachii of apes. 

Nerve-supply. — ^The nerve to Latissimus dorsi (thoracodorsal nerve) is 
derived from the posterior cord of the brachial plexus (C. 6, 7 and 8). 

Actions.— The Latissimus dorsi depresses and adducts the humerus, draws 
it backwards, and rotates it medially. When both arms are fixed it helps to 

* The two muscles cover the back of the neck and shoulders like a monk’s cowl, and 
therefore t.he Trapezius is sometimes termed the MilscuI/us cucullaris. 
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pull the trunk upwards and forwards as in climbing. In addition, it takes part 
in violent expiratory ejfforts, such as coughing. The pressure exerted by the 
tonus of the muscle on the inferior angle of the scapula keeps it in contact with 
the chest- wall, more especially when the arm is elevated, as that movement 
puts the fibres of the muscle on the stretch. 

The lower part of the lateral margin of the Latissimus dorsi is separated from 
the posterior free border of the External oblique muscle by a small triangular 
interval, named the lumbar triangle, the base of which is formed by the iliac 
crest, and the floor by the Internal obhque muscle (fig. 613). Another triangle, 
sometimes termed the triangle of auscultation, is situated behind the scapula. 
It is bounded above by the Trapezius, below by the Latissimus dorsi, and 
laterally by the medial border of the scapula ; the floor is partly formed by 
the Rhomboideus major. If the scapula be drawn forwards by folding the arms 
across the chest, and the trunk bent forwards, parts of the sixth and seventh 
ribs and the interspace between them become subcutaneous and available for 
auscultation of the lung. 

The Rhomboideus major (flg. 613) arises by tendinous fibres from the spines 
of the second, third, fourth, and flfrh thoracic vertebrae and the supraspinous 
Hgament. The fibres of the muscle are directed downwards and laterally and 
are inserted into the medial border (vertebral border) of the scapula between the 
triangular surface of the root of the spine and the inferior angle. Usually the 
insertion is an indirect one, the muscular fibres ending in a tendmous band which 
is fixed at its ends to the two points mentioned and joined to the medial border 
by a thin membrane ; occasionally the arch is incomplete, and some of the 
muscular fibres are then inserted directly into the scapula. 

The Rhomboideus minor (fig. 613) arises from the lower part of the hga- 
mentum nuchse and from the spines of the seventh cervical and first thoracic 
vertebrae ; it is inserted into the base of the triangular smooth surface at the 
apex of the spine of the scapula. It is usually separated from the Rhomboideus 
major by a sHght interval, but the adjacent margins of the two muscles are 
occasionally united. 

Nerve-supply. — The nerve to the Rhomboid muscles arises from the anterior 
primary ramus of the fifth cervical nerve in the substance of the Scalenus 
medius muscle. 

Action. — The Rhomboid muscles, acting with the Trapezius, retract the 
scapula and brace back the shoulder ; acting with the Levator scapulae and 
Pectoralis minor, they rotate the scapula so as to depress the point of the 
shoulder. 

The Levator scapulae (figs. 588, 613) is situated at the back and side of the 
neck. It arises by tendinous slips from the transverse processes of the atlas 
and axis and from the posterior tubercles of the transverse processes of the 
third and fourth cervical vertebrae. It is inserted into the medial border of 
the scapula, between the superior angle and the triangular smooth surface at 
the apex of the spine. 

Nerve-supply. — The Levator scapulae is supplied directly by branches from 
the third and fourth cervical nerves, and by a branch from the nerve to the 
Rhomboids (C. 5). 

Actions. — If the cervical part of the vertebral column is fixed, the Levator 
scapulae may act with the Trapezius to elevate the scapula, or to sustain a weight 
carried on the shordder ; or it may act with the Rhomboids and Pectoralis minor 
to rotate the scapula so as to depress the point of the shoulder. If the shoulder 
is fixed, the muscle inclmes the neck to the same side. 


II. The Muscles connecting the Uppeb Limb with the Anteeior 
AND Lateral Thoracic Walls 

Pectoralis major. Subclavius. 

Pectoralis minor. Serratus anterior. 

The superficial fascia of the anterior thoracic region is continuous with that 
of the neck and upper limb above, and of the abdomen below. It encloses 
the mammary gland and gives off numerous septa which pass into it to support 
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586 


MYOLOGY 


its various lobes. From the fascia over the front of the gland, fibrous pro- 
cesses pass forwards to the integument and nipple ; these were called by 
Sir Astley Cooper the ligamenta suspensoria. 

The pectoral fascia is a thin lamina, covering the surface of the Pectoralis 
major and sending numerous prolongations between its fasciculi ; it is attached 
in the median plane to the front of the sternum ; above, to the clavicle ; later- 
ally and below, it is continuous with the fascia of the shoulder, axilla and 
thorax. It is very thin over the upper part of the Pectoralis major, but thicker 
in the interval between it and the Latissimus dorsi, where it forms the fioor of 
the axiUary space and is named the axillary fascia ; this divides at the lateral 
margin of the Latissimus dorsi into two layers, which ensheathe this muscle 
and are attached behind to the spines of the thoracic vertebrae. As the fascia 
leaves the lower edge of the Pectoralis major to cross the fioor of the axilla, 
it sends a layer upwards under cover of the muscle ; this lamina splits to 
envelop the Pectoralis minor, and at the upper edge of this muscle is continuous 
with the clavipectoral fascia (coracoclavicular fascia) (p. 588). The hollow of 
the armpit, seen when the arm is abducted, is produced mainly by the traction 
of this fascia on the axillary floor, and hence the lamina is sometimes named the 
suspensory ligament of the axilla. At the lower part of the thoracic region the 
deep fascia is well developed, and is continuous with the fibrous sheath of 
the Eectus abdominis. 

Applied ATMtomy , — ^In cases of suppuration in the axiUa, the pus is prevented from 
extending downwards by the axillary fascia, and therefore tends to spread upwards, behind 
the pectoral muscles, towards the root of the neck. Early evacuation of the pus is therefore 
necessary. The incision should be made midway between the anterior and posterior 
axillary folds, so as to avoid the lateral thoracic and subscapular vessels, and the edge 
of the knife should he directed away from the axillary vessels. 

The Pectoralis major (fig. 614) is a thick, triangular muscle situated at the 
upper and firont part of the chest. It arises from the anterior surface of the 
sternal half of the clavicle : from half the breadth of the anterior surface of 
the sternum, as low down as the attachment of the cartilage of the sixth 
or seventh rib : from the cartilages of all the true ribs, with the exception, 
frequently, of the first, or seventh, or both, and from the aponeurosis of the 
Obfiquus extemus abdominis. From this extensive origin the fibres converge 
towards their insertion ; those arising from the clavicle pass obliquely down- 
wards and laterally, and are usually separated from the rest by a slight interval ; 
those from the lower part of the sternum, and the cartilages of the lower true 
ribs, run upwards and laterally ; while the middle fibres pass horizontally. 
They all end in a flat tendon, about 6 cm. broad, which is inserted into the 
lateral lip of the bicipital groove (intertubercular sulcus) of the humerus. 
This tendon consists of two laminae, placed one in front of the other, and usually 
blended together below. The anterior lamina, the thicker, receives the clavic- 
ular and the uppermost sternal fibres ; they are inserted in the same order as 
that in which they arise : that is to say, the most lateral of the clavicular fibres 
are inserted at the upper part of the anterior lamina, and the uppermost sternal 
fibres to the lower part of the lamina, which extends as low as the tendon of the 
Deltoid muscle and joins with it. The posterior lamina of the tendon receives 
the attachment of the greater part of the sternal portion and the deep fibres, 
i.e. those from the costal cartilages. These deep fibres, and particularly those 
from the lower costal cartilages, turn backwards successively behind the super- 
ficial and upper ones and reach a higher level. As a result, the tendon appears 
to be twisted. The posterior lamina of the tendon reaches higher on the humerus 
than the anterior, and gives off an expansion which covers the bicipital groove 
and blends ynih the capsular ligament of the shoulder-joint. From the deepest 
fibres of this lamina at its iusertion an expansion is given ofr which lines the 
bicipital groove, while from the lower border of the tendon a third expansion 
passes downwards to the fascia of the upper arm. 

Relations.-— /Ti front, ^ the Pectoralis major is related to the skin, superficial fascia, 
Platysma, medial and intermediate supraclavicular nerves, mammary gland and deep 
fascia ; its posterior surface is in contact with the sternum, ribs and costal cartilages, 
clavipectoral fascia, Subclavius, Pectoralis minor, Serratus anterior, and Intercostal muscles ; 
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it forms the superficial stratum of the anterior wall of the axillary space, and so covers the 
axillary vessels and nerves and the upper parts of the Biceps and Coracobrachialis. Its 
upper border is separated from the Deltoid muscle by a slight interspace {the infraclavicular 
fossa), in which the cephalic vein and deltoid branch of the acromiothoracic (thoraco- 
acromial) artery lie. Its lower border forms the anterior fold of the axilla ; it is separated 
from the Latissimus dorsi by a considerable interval at the medial wall of the axilla, but 
the two muscles gradually converge towards the lateral wall of the space. 


Fig. 614. — The superficial muscles of the front of the chest and upper 
arm. Left side. 


Pectoralis major m. 



Latissvmm 
dorsi m. 


■7=n 


Bicipital aponeurosis 


Nerve-supply. — The Pectoralis major is supplied by the lateral and medial 
pectoral nerves (lateral and medial anterior thoracic nerves) ; through these it 
receives filaments from all the nerves entering into the formation of the brachial 
plexus ; the fibres for the clavicular part of the muscle are derived from C. 5 * 
and 6. 

Actions. — The Pectoralis major adducts the arm and rotates it medially. 
When the arm is extended, i.e. drawn backwards and laterally, the Pectoralis 
major draws it forwards and medially. The two heads of the muscle work 
together in effecting these movements. When the arm is flexed, the sterno- 

* Throughout the remainder of this section the use of italics for numerals denoting spinal 
nerves indicates that it is doubtful whether the nerve italicised contributes to the motor 
innervation of the muscle. 
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costal fibres take no part in the movement, which is carried out by the clavicular 
head [j^ortio attollens) acting with the anterior fibres of the Deltoid muscle and 
the Coracobrachialis. When the opposite movement, usually carried out with 
the assistance of the force of gravitation, is resisted, the sternocostal head 
{'portio deprimens) alone helps the Latissimus dorsi and Teres major to depress 
the arm. When the arms are fixed, the sternocostal fibres draw the trunk 
upwards and forwards as in climbing. 

The clavipectoral fascia (coracoclavicular fascia) is a strong fascia situated 
under cover of the clavicular portion of the Pectoralis major. It occupies the 
interval between the Pectoralis minor and Subclavius, and protects the axillary 
vessels and nerves. Traced upwards, it splits to enclose the Subclavius, and is 
attached to the clavicle, in front of and behind the muscle : the layer behind 
the muscle fuses with the deep cervical fascia and with the sheath of the axillary 
vessels. Medially, the clavipectoral fascia blends with the fascia covering the 
first two intercostal spaces, and is attached also to the first rib medial to the 
origin of the Subclavius. Laterally, it is thick and dense, and is attached to 
the coracoid process, blending with the coracoclavicular ligament. The portion 
extending from the first rib to the coracoid process is often stronger than the 
rest, and is sometimes called the costocoracoid ligament. Below this, the fascia 
is thin ; it splits to ensheathe the Pectoralis minor ; and from the lower border 
of this muscle it is continued downwards to join the axillary fascia, and laterally 
to unite with the fascia covering the short head of the Biceps. The clavipectoral 
fascia is pierced by the cephalic vein, acromiothoracic artery and vein, and 
lateral pectoral (anterior thoracic) nerve. 

The Pectoralis minor (fig. 615) is a thin, triangular muscle, situated at the 
upper part of the thorax, deep to the Pectoralis major. It arises from the 
upper margins and outer surfaces 9 f the third, fourth and fifth ribs (frequently 
the second, third and fourth ribs) near their cartilages, and from the aponeuroses 
covering the External intercostal muscles ; the fibres pass upwards and laterally, 
and converge to form a flat tendon, which is inserted into the medial border 
and upper surface of the coracoid process of the scapula. Sometimes a part 
or the whole of the tendon is continued over the coracoid process and through 
the coraco-acromial ligament ; when this occurs the tendon blends with the 
coracohumeral ligament and thus gains an attachment to the humerus. 

Relations. — ^Its anterior mrface is in relation with the Pectoralis major, the lateral 
pectoral (anterior thoracic) nerve and the pectoral branches of the acromiothoracic artery ; 
its posterior surface, with the ribs, External intercostal muscles, Serratus anterior, the 
axillary space, and the axiUary vessels and brachial plexus of nerves. Its upper border is 
separated from the clavicle by a narrow triangular interval occupied by the clavipectoral 
fascia, behind which are the axillary vessels and nerves. Running parallel with the lower 
border of the muscle is the lateral thoracic artery ; piercing and partly supplying the muscle 
is the medial pectoral (anterior thoracic) nerve. 

Nerve-supply. — ^The Pectoralis minor is supplied by both the pectoral 
(anterior thoracic) nerves (C. 7 and 8, and T. 1). 

Actions. — ^The Pectoralis minor assists the Serratus anterior to draw the 
scapula forwards round the chest wall. Acting with the Levator scapulse and 
the Rhomboids, the Pectoralis minor rotates the scapula so as to depress the 
point of the shoulder. When the arm is fixed, it assists in elevating the ribs 
in forced inspiration. 

The Subclavius (fig. 615) is a small, triangular muscle, placed between the 
clavicle and &st rib. It arises by a short, thick, tendon from the junction 
of the first rib and first costal cartilage, in front of the costoclavicular 
ligament ; the fleshy fibres proceed obliquely upwards and laterally, to be 
inserted into the groove on the under surface of the intermediate third of the 
clavicle. 

Relations. ^Its posterior surface is separated from the first rib by the subclavian vessels and 
brachial plexus of nerves. Its anterior surface is separated from the Pectoralis major by the 
clavipectoral fascia, which, with the clavicle, forms an osseofibrous sheath for the muscle. 

Ne^e-supply, The Subclavius is supplied by a branch which derives its 
fibres from C. 5 and 6. 
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Action. — ^The Subclavius pulls the point of the shoulder downwards and 
forwards and steadies the clavicle, during movements of the shoulder, by 
bracing it against the articular disc of the sternoclavicular joint. 

The Serratus anterior (fig. 615) is a muscular sheet, situated between the 
ribs and scapula at the upper and lateral parts of the chest. It arises by fieshy 
slips or digitations from the outer surfaces and superior borders of the upper 
eight or nine ribs, and from the aponeuroses covering the intervening Inter- 
costal muscles. Each digitation arises from the corresponding rib, but the 
first springs in addition from the second rib, and from the fascia covering the 
first intercostal space. The lower four slips interdigitate with the upper five 


Fig. 615. — The deep muscles of the front of the chest and arin. Left side. 
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slips of the Obliquus externus abdominis. From this extensive attachment the 
fibres pass backwards, closely applied to the chest-wall, and are inserted into 
the costal surface of the medial (vertebral) border of the scapula in the following 
manner. The first digitation is inserted into a triangular area on the costal 
surface of the superior angle. The next two or three digitations spread out to 
form a thin, triangular sheet, the base of which is directed backwards and is 
inserted into nearly the whole length of the costal surface of the medial border. 
The lower four or five digitations converge to form a fan-shaped mass, the apex 
of which is inserted, by muscular and tendinous fibres, into a triangular im- 
pression on the costal surface of the inferior angle. 

Nerve-supply. — ^The nerve to Serratus anterior arises by three roots from 
the fifth, sixth and seventh cervical nerves (anterior primary raini) close 
to the intervertebral foramina and descends on the outer surface of the 
muscle. 

Actions. — ^The Serratus anterior, acting with the Pectoralis minor, draws 
the scapula forwards, and is the chief muscle concerned in all pushing and 
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punching movements. Its lower and stronger fibres move the lower angle of 
the scapula forwards and assist the Trapezius in rotating the bone at the acromio- 
clavicular joint, and thus aid this muscle in raising the arm above the head. 
It is also an assistant to the Deltoid in raising the arm, inasmuch as during 
the action of this latter muscle it helps the other muscles inserted into the 
scapula to steady the bone and so enables the Deltoid to exert its action on 
the humerus only. While the Deltoid is raising the arm to a right angle with 
the scapula, the Serratus anterior and the Trapezius are rotating the scapula, 
and the arm can be raised above the head as the result of this combination of 
movements. When the scapula is fixed, the lower part of the muscle will pull 
upon the ribs, and act as a muscle of inspiration. 

Applied Anatomy. — ^When the Serratus anterior is paralysed, the medial (vertebral) 
border, and especially the lower angle of the scapula, leave the ribs and stand out promin- 
ently on the surface, giving a peculiar ‘ winged ’ appearance to the back. The patient is un- 
able" to raise the arm or to carry out pushing movements, and attempts to do so are followed 
by a further projection of the lower angle of the scapula from the back of the thorax. 

III. The Muscles oe the Shouldeb 

Deltoideus. Infraspinatus. 

Subscapularis, Teres minor. 

Supraspinatus. Teres major. 

The deep fascia covering the Deltoid invests the muscle, and sends numerous 
septa between the fasciculi. In front, it is continuous with the pectoral fascia ; 
behind, where it is thick and strong, with the fascia infraspinata ; above, it is 
attached to the clavicle, the acromion, and the crest of the spine of the scapula ; 
below, it is continuous with the brachial fascia. 

The Deltoid (fig. 614) is a thick, triangular muscle, which covers the shoulder- 
joint. It arises from the anterior border and upper surface of the lateral one- 
third of the clavicle ; from the lateral margin and upper surface of the acromion, 
and from the lower lip of the crest of the spine of the scapula, as far back as 
the triangular surface at its medial end. The fibres converge towards their 
insertion, the middle passing vertically, the anterior inclining backwards, and 
the posterior forwards ; they unite in a thick tendon which is. inserted into the 
deltoid tuberosity on the lateral side of the shaft of the humerus. At its 
insertion the tendon gives off an expansion to the deep fascia of the upper arm. 
This muscle is remarkably coarse in texture, and the part arising from the 
acromion consists of oblique fibres ; these arise in a bipennate manner from the 
sides of tendinous septa, generally four in number, which pass downwards from 
the acromion into the muscle. These oblique fibres are inserted into similar 
tendinous septa, generally three in number, which, ascend from the tendon of 
insertion of the muscle and alternate with the descending septa. The portions 
of the muscle arising from the clavicle and spine of the scapula are not arranged 
in this manner, but are inserted into the margins of the inferior tendon. 

delations. — Its superficial surface is in relation with the skin, the superficial and deep 
fasciae, Platysma, lateral supraclavicular and upper lateral brachial cutaneous nerves. Its 
deep surface covers the coracoid process, ooraco-aoromial ligament, subacromial bursa, 
Pectoralis miuor, Coracobrachialis, both heads of the Biceps, the tendon of the Pectoralis 
major, the insertions of the Subscapularis, Supraspinatus, Infraspinatus, and Teres minor, 
the long and lateral heads of the Triceps, the circumflex humeral vessels, the circumflex 
(axillary) nerve and the surgical neck and upper part of the shaft of the humerus. Its 
anterior border is separated at its upper part from the Pectoralis major by the infraclavicular 
fossa, in which the cephalic vein and deltoid branch of the acromiothoracic artery lie ; 
lower down the two muscles are in contact. It-s posterior border rests on the Infraspinatus 
and Triceps. As the middle fibres pass from their origin to their insertion they curve over 
the bony prominence of the greater tuberosity of the humerus and this relationship deter- 
mines the rounded contour of the normal shoulder. 

Nerves. — The Deltoid muscle is supplied by the circumflex (axillary) nerve 
(C. 5 and 6 ). 

Actions. — The muscle is capable of acting in parts or as a whole. The 
anterior fibres cooperate with the Pectoralis major in drawing the arm forwards, 
and they can act as medial rotators of the humerus . The posterior fibres cooperate 
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with the Latissimus dorsi and the Teres major in drawing the arm backwards and 
they can act as lateral rotators of the humerus. The multipennate, acromial 
part is the strongest and most important part of the muscle. Aided by the Supra- 
spinatus it raises the arm from the side so as to bring it at right angles with the 
trunk, while retaining the humerus in the same plane as the body of the scapula. This 
point is of importance because it is only when the humerus lies in the scapular 
plane that scapular rotation can have its full effect in raising the arm above the 
head. When the arm is actively maintained in the position of true abduction 
(p. 460, footnote), the acromial fibres are strongly contracted, but the clavicular 
and posterior fibres are put on the stretch and function as stays to steady the limb. 

Applied Anatomy . — The Deltoid atrophies after injury to the circumflex nerve, and in this 
condition dislocation of the shoulder- joint is simulated, as there is flattening of the shoulder 
and apparent prominence of the acromion ; the distance between the acromion and the head 
of the bone is increased also, and the tips of the fingers can be inserted between them. 

The subscapiilar fascia is a thin membrane attached to the entire circum- 
ference of the subscapular fossa, and giving origin by its deep surface to some 
of the fibres of the Subscapularis. 

The Subscapularis (fig. 615) is a large, triangular muscle, which fiOls the sub- 
scapular fossa and arises from its medial two-thirds, including the grooved area 
adjoining the lateral (axillary) border of the scapula. Some fibres arise from 
tendinous laminse which intersect the muscle and are attached to ridges on the 
bone ; others from an aponeurosis which separates the muscle from the Teres 
major and the long head of the Triceps. The fibres pass laterally, and, gradually 
converging, end in a tendon which is inserted into the lesser tuberosity of the 
humerus and the front of the capsular ligament of the shoulder- joint. The 
tendon of the muscle is separated from the neck of the scapula by a large bursa, 
which communicates with the cavity of the shoulder- joint through an aperture 
in the capsular ligament. 

Eelations* — ^Tbe anterior surface of this muscle forms a considerable part of the posterior 
wall of the axilla. Its lower and medial two-thirds are in apposition with the Serratus 
anterior, and its upper and lateral portion is related to the Coracobrachialis and Biceps, 
the axillary vessels and brachial plexus of nerves, and the subscapular vessels and nerves. 
Its posterior surface is in relation with the scapula and the capsule of the shoulder-joint. 
Its lower border is in contact with the Teres major and Latissimus dorsi. 

Nerves. — ^The Subscapularis is supplied by the upper and lower subscapular 
nerves (C. 5 and 6). 

Actions, — The Subscapularis rotates the head of the humerus medially ; 
when the arm is raised, it draws the humerus forwards and downwards. It is 
a powerful defence to the front of the shoulder- joint. 

The fascia supraspinata completes the osseofibrous case in which the Supra- 
spinatus muscle is contained, and its deep surface gives origin to some of the 
fibres of the muscle. It is thick medially, but thinner laterally under the 
coraco-acromial ligament. 

The Supraspinatus (fig. 616) occupies the supraspinous fossa, arising from 
its medial two-thirds, and from the fascia supraspinata. The muscular fibres 
pass under the acromion, and converge to a tendon which crosses the upper 
part of the shoulder- joint and is inserted into the highest of the three impres- 
sions on the greater tuberosity of the humerus ; the tendon is intimately 
adherent to the capsule of the shoulder-joint. 

Nerve-supply. — The Supraspinatus is supplied by the suprascapular nerve 
(C. 5 and 6). 

Action. — The Supraspinatus abducts the arm. 

The fascia infraspinata covers the Infraspinatus muscle, and is fixed to the 
circumference of the infraspinous fossa ; its deep surface gives origin to some 
fibres of that muscle. It is attached to the deltoid fascia along the overlapping 
border of the Deltoid. 

The Infraspinatus (fig. 616) is a thick triangular muscle, which occupies the 
chief part of the infraspinous fossa ; it arises by fleshy fibres from the medial 
two-thirds of the fossa, and, by tendinous fibres from the ridges on its surface : 
it also arises from the fascia infraspinata, which covers it and separates it from 
the Teres major and minor muscles. The fibres converge to a tendon, which 
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glides over the lateral border of the spine of the scapula, and, passing across 
the posterior part of the capsule of the shoulder- joint, is inserted into the middle 
impression on the greater tuberosity of the humerus. The tendon of this muscle 
is sometimes separated from the capsule of the shoulder- joint by a bursa which 
may communicate with the joint- cavity. 

Nerve-supply. — The Infraspinatus is supplied by the suprascapular nerve 
(C. 5 and 6). 

Action. — ^The Infraspinatus rotates the arm laterally. 

The Teres min or (fig. 616) is a narrow, elongated muscle, which arises from 
the upper two-thirds of a flattened strip on the lateral part of the dorsal surface 


Fig. 616. — ^The muscles on the dorsum of the scapula, and the Triceps. 

Left side. 



of the scapula, immediately adjoining the lateral (axillary) border, and from 
two aponeurotic laminae, of which one separates it from the Infraspinatus, and 
the other from the Teres major. Its fibres run obliquely upwards and laterally ; 
the upper ones end in a tendon which is inserted into the lowest of the three 
impressions on the greater tuberosity of the humerus ; the lower fibres are 
inserted directly into the humerus immediately below this impression and just 
above the origin of the lateral head of the Triceps. The tendon of this muscle 
passes across, and is united with, the lower part of the posterior surface of the 
capsular ligament of the shoulder-joint. 

Nerve-supply. — The Teres minor is supplied by the circumflex (axillary) 
nerve (C. 5). 

Action. — The Teres minor rotates the arm laterally. 

The Teres major (fig. 616) is a thick, somewhat flattened muscle, which 
arises from the oval area on the dorsal surface of the inferior angle of the scapula, 
and from the fibrous septa interposed between the muscle and the Teres minor 
and Infraspinatus ; the fibres are directed upwards and laterally and end in 
a flat tendon, about 5 cm. long, which is inserted into the medial hp of the bi- 
cipital groove (intertubercular sulcus) of the humerus. At its insertion the 
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tendon lies behind that of the Latissimus dorsi, from which it is separated by a 
bursa, the two tendons being, however, united along their lower borders for a 
short distance; 

Nerve-supply. — The Teres major is supphed by the lower subscapular nerve 
(C. 5 and 6). 

Actions. — The Teres major draws the humerus medially and backwards, and 
rotates it medially. 


IV. The Muscles of the Upper Arm 

Coracobrachialis. Braehialis. 

Biceps (brachii). Triceps. 

The brachial fascia or deep fascia of the arm is continuous with that co's^ring 
the Deltoid and the Pectoralis major ; it forms a thin, loose sheath for the 
muscles of the upper arm, and sends septa between them ; it is composed of 
fibres disposed in a circular or spiral direction, and connected together by ver- 
tical and oblique fibres. It is thin over the Biceps, but thicker where it covers 
the Triceps, and over the epicondyles of the humerus : it is strengthened by 
fibrous aponeuroses, derived from the Pectorahs major and Latissimus dorsi 
medially, and from the Deltoid laterally. On each side it gives off a strong 
intermuscular septum, which is attached to the corresponding supracondylar 
ridge and epicondyle of the humerus. 

The lateral intermuscular septum extends from the lower part of the lateral 
lip of the bicipital groove (intertubercular sulcus), along the lateral supra- 
condylar ridge, to the epicondyle ; it is blended with the tendon of the Deltoid, 
gives attachment to the Triceps behind, to the Braehialis, Brachioradialis and 
Extensor carpi radiahs longus in front, and is perforated at the junction of its 
upper and middle thirds by the radial nerve and the anterior descending branch 
of the arteria profunda brachii. The medial intermuscular septum^ thicker than 
the preceding, extends from the lower part of the medial lip of the bicipital 
groove (intertubercular sulcus) below the Teres major, along the medial supra- 
condylar ridge to the epicondyle ; it is blended with the tendon of the Coraco- 
brachialis, and affords attachment to the Triceps behind and the Brachiahs in 
front. It is perforated by the ulnar nerve, the ulnar collateral artery, and the 
posterior branch of the supratrochlear (inferior ulnar collateral) artery. 

At the elbow, the brachial fascia is attached to the epicondyles of the 
humerus and the olecranon of the ulna, and is continuous wdth the antebrachial 
fascia. Just below the middle of the medial side of the upper arm, an oval 
opening in the fascia transmits the basilic vein and some lymphatic vessels. 

The Coracobrachialis (figs. 615, 617) is situated at the upper and medial part 
of the arm. It arises from the apex of the coracoid process, in common with 
the tendon of the short head of the Biceps, and by muscular fibres from the 
upper 10 cm. of this tendon ; it is inserted into an impression, from' 3 to 5 cm. 
in length, at the middle part of the medial border of the shaft of the humerus 
between the origins of the Triceps and Braehialis. 

Relations. — It is perforated hy the rnusculocutaneous rierve, and is in relation, in fronts 
with the Pectoralis major above, and at its insertion with the brachial vessels and median 
nerve, which cross it ; behind , with the tendons of the Snbscapularis, Latissimus dorsi, and 
Teres major, the medial head of the Triceps, the humerus and the anterior circumflex 
humeral vessels ; by its medial border, with the third part of the axillary artery, the upper 
part of the brachial artery, the median and musculocutaneous nerves ; by its lateral border, 
with the Biceps and Braehialis. 

Nerve-supply. — ^The Coracobrachialis is supplied by the musculocutaneous 
nerve (C. 7). 

Action. — ^The Coracobrachialis draws the arm forwards and medially. 

The Biceps (brachii) (figs. 615, 617, 618), a long, fusiform muscle placed on 
the front of the arm, has received its name from the circumstance that it has 
two heads of origin. The short head arises by a thick flattened tendon from 
the apex of the coracoid process, in common with the CoracobrachiaHs. The 
long head takes origin within the capsule of the shoulder-joint. It arises by a 
long narrow tendon from the supraglenoid tubercle at the apex of the glenoid 
cavity, and is continuous with the glenoidal labrum (p. 458). The tendon of 
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the long head, enclosed in a sheath of the synovial membrane of the shoulder- 
joint, arches over the head of the humerus ; it emerges from the joint through 
an opening in the capsular ligament close to its humeral attachment and des- 
cends in the bicipital groove (intertubercular sulcus) ; it is retained in the groove 
by the transverse humeral hgament and by a fibrous expansion from the tendon 
of the Pectoralis major. Each tendon is succeeded by an elongated muscular 
belly, and the two beUies, although closely apphed to each other, can be readily 
separated until within about 7-5 cm. of the elbow-joint. Here they end in a 
flattened tendon which is inserted into the rough posterior portion of the 
tuberosity of the radius, a bursa being interposed between the tendon and the 
front part of the tuberosity. As the tendon of the muscle approaches the radius 


Fia. 617. — A transverse section through the upper arm at the junction of the 
proximal with the middle one -third of the humerus. 
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it is twisted upon itself, so that its anterior surface becomes lateral and is 
applied to the tuberosity of the radius at its insertion. Opposite the bend of 
the elbow the tendon gives off, from its medial side, a broad aponeurosis, named 
the bicipital aponeurosis {lacertus fibrosus), which passes obliquely downwards 
and medially across the brachial artery and is continuous with the deep fascia 
covering the origins of the flexor muscles of the forearm (fig. 614). With very 
little force the tendon of insertion can be spht down to the radial tuberosity, 
when it can be seen that the anterior portion of the tendon receives the fibres 
of the short head, and the posterior portion those of the long head. 

A third head to the Biceps is occasionally found, arising at the upper and medial part 
of the Brachialis, with which it is blended, and inserted into the bicipital aponeurosis and 
medial side of the tendon of the muscle ; in most cases this additional slip lies behind the 
brachial artery. In some instances the third head consists of two slips, which pass down, 
one in front of, the other behind the artery. 

Relations. — The Biceps is overlapped above by the Pectoralis major and Deltoid ; in 
the rest of its extent it is covered by the fasciae and skin. Its long head passes through the 
shoulder- joint, and its short head rests on the joint and on the upper part of the humerus ; 
below, it lies on the Brachialis, the musculocutaneous nerve, and the Supinator. Its medial 
border is in relation with the Coracobrachialis, and overlaps the brachial vessels and median 
nerve ; its lateral border is in relation with the Deltoid and Braohioradialis. 
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Nerve-supply.— The Biceps is supplied by the musculocutaneous nerve (C, 5 
and 6), 

Actions. The Biceps is a powerful supinator of the forearm i it also flexes 
the elbow- joint, and to a slight extent the shoulder- joint. Through the bicipital 
aponeurosis it is a tensor of the antebrachial fascia. 

Applied Anatomy , — The long tendon of the Biceps is sometimes dislocated from its 
groove on the humerus. When this occurs, the arm is fixed in a position of abduction, but 
the head of the humerus can be felt in its proper position. The tendon can generally be 
replaced by flexing the forearm on the arm and rotating the limb. Rupture of the long 
tendon of the Biceps may also take place. 

The Brachialis (figs. 615, 618, 619) covers the front of the elbow- joint and 
the lower one-half of the humerus. It arises from the lower one-half of the 
front of the humerus, commencing above at the insertion of the Deltoid, which 


Fig. 618.— a transverse section through the upper arm, a little below the 
of the shaft of the humerus. 


Cephalic vein 



Median 


Brachial 


Basilic vein 


Medial antebrachial 
cutaneous 


Ulnar 
artery 
Ulnar 


Musculocutaneous nerve 


nerve 

profunda brachii 

erve to Anconeus 

Branch of arteria profunda 
brachii 


it embraces by two pointed processes, and extending below to within 2-5 cm. 
of the margin of the articular surface. It also arises from the intermuscular 
septa, but more extensively from the medial than from the lateral ; it is sep- 
arated from the lower part of the lateral intermuscular septum by the Brachio- 
radialis and Extensor carpi radialis longus. Its fibres converge to a thick tendon 
which is inserted into the tuberosity of the ulna and the rough depression on 
the anterior surface of the coronoid process. 

Relations, — It is in relation, in fronts with the Biceps, the brachial vessels, musculo- 
cutaneous and median nerves ; behind, with the humerus and articular capsule of the elbow- 
joint ; by its medial border, with the Pronator teres, and with the medial intermuscular 
septum, which separates it from the Triceps and the ulnar nerve ; by its lateral border, 
with the radial nerve, radial recurrent and the anterior descending branch of the profunda 
brachii arteries, the Brachioradialis and Extensor carpi radialis longus. 

Nerve-supply. — The Brachialis is chiefly supphed by the musculocutaneous 
nerve (C. 6 and 7), but receives an additional filament from the radial nerve (C. 7), 

Action. — The Brachialis flexes the elbow- joint. 

The Triceps (figs. 616 to 619), situated on the back of the upper arm, is of 
large size, and arises by three heads (long, lateral and medial), hence its name. 

The long head arises by a flattened tendon from the infraglenoid tubercle 
of the scapula, being blended at its upper part with the capsular ligament of 
the shoulder- joint ; the muscular fibres pass downwards along the medial side 
of the lateral head and superficial to the medial head, and join with them in 
the tendon of insertion. 
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The lateral head arises from a narrow ridge on the posterior surface of the 
shaft of the humerus, extending from near the insertion of the Teres u^or to 
the upper part of the spiral groove (sulcus for the radial nerve), and frorn the 
lateral border of the humerus and the lateral intermuscular septum ; the fibres 
fi:om this origin converge towards the tendon of insertion. 

The medial head, which is covered posteriorly by the lateral and the long 
heads, arises from the posterior surface of the shaft of the humerus, below the 
spiral groove ; it is narrow and pointed above, and extends from the insertion 
of the Teres major to within 2*5 cm. of the trochlea of the humerus ; it also 
arises from the medial border of the bone and from the back of the whole 


Fig. 619. — A transverse section through the upper arm, 2 cm. proximal to the 
. medial epicondyle of the humerus. 
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length of the medial intermuscular septum. Some of the fibres are directed down- 
wards to the olecranon, while others converge to the tendon of insertion. 

The tendon of insertion of the Triceps begins about the middle of the 
muscle. It consists of two aponeurotic laminae, one of which covers the back 
of the lower one-half of the muscle ; the other is more deeply seated in the 
substance of the muscle. After receiving the attachment of the muscular fibres, 
the two lamellae unite above the elbow, and are inserted, for the most part, 
into the posterior portion of the upper surface of the olecranon ; on the lateral 
side a band of fibres is continued downwards, over the Anconeus, to blend with 
the antebrachial fascia. 

The long head of the Triceps descends between the Teres minor and Teres 
major, dividmg the triangular space between these two muscles and the hum- 
erus into two smaller spaces, one triangular, the other quadrangular (fig. 616). 
The triangular space contains the circumflex scapular vessels ; it is bounded 
by the Teres minor above, the Teres major below, and the long head of the 
Tticeps laterally. The quadrangular space transmits the posterior circumflex 
humeral vessels and the circumflex (axillary) nerve ; it is bounded by the 
Subscapularis, the Teres minor and the capsular ligament of the shoulder-joint 
above, the Teres major below, the long head of the Triceps medially, and the 
humerus laterally. 

Tke Subanconeus is the name given to a few fibres which spring from the deep surface 
of the lower part of the Triceps, and are inserted into the posterior part of the articular 
capsule of the elbow- joint. 
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Nerves. — ^The Triceps is supplied by the radial nerve (C. 6, 1, and S) * 

Actions. — ^The Triceps is the great extensor muscle of the forearm. When 
the arm is extended, the long head of the muscle may assist in drawing the 
humerus backwards and in adducting it to the thorax. The long head supports 
the under part of the capsule of the shoulder- joint, when the arm is raised from 
the side. The Subanconeus draws up the posterior part of the articular capsule 
of the elbow- joint during extension of the forearm. 

Applied Anatomy . — ^The insertion of the Triceps into the deep fascia of the forearm 
is of importance in the operation of excision of the elbow, and should always be carefully 
preserved. By means of it the patient is enabled to extend the forearm, a movement which 
would otherwise be accomplished mainly by gravity — ^that is to say, by allowing the fore- 
arm to drop by its own weight. 

V. The Muscles of the Fobeahm: 

The antebrachial fascia (deep fascia of the forearm), continuous above with 
the brachial fascia, is a dense investment which forms a general sheath for the 
muscles in this region ; it is attached, behind, to the olecranon and posterior 
border of the ulna, and sends off from its deep surface numerous intermuscular 
septa. It gives origin to muscular fibres, especially at the upper part of the 
medial and lateral sides of the forearm, and also ensheathes the different 
muscles ; transverse septa are given off both on the anterior and posterior sur- 
faces of the forearm, separating the deep from the superficial layer of muscles. 
It is much thicker on the posterior than on the anterior surface, and at the 
lower than at the upper part of the forearm, and is strengthened above by 
tendinous fibres derived from the Biceps in front, and from the Triceps behind. 
In the region of the carpus there are two localised thickenings in the fascia, 
termed the flexor (p. 609) and extensor retinacula (p. 612) (transverse and dorsal 
carpal ligaments). These two bands retain the digital tendons in position and 
so increase the efficiency of their actions on the fingers. Apertures exist in the 
fascia for the passage of vessels and nerves ; one of these apertures, of large 
size and situated at the front of the elbow, transmits a communicating branch 
between the superficial and deep veins. 

The antebrachial or forearm muscles consist of an anterior and a posterior 
group. 


1, The Ahtebiob Ahtebbachial Muscles 

These muscles are divided for convenience of description into two groups, 
superficial and deep. 

(a) Superflcial Group (fig. 620) 

Pronator teres. Palmaris longus. 

Flexor carpi radialis. Flexor carpi ulnaris. 

Flexor digitorum sublimis. 

The muscles of this group take origin from the medial epicondyle of the 
humerus by a common tendon ; they receive additional fibres from the ante- 
brachial fascia near the elbow, and from the septa which pass from this fascia 
between the individual muscles. 

The Pronator teres (figs. 620, 621) has a humeral and an ulnar head of origin. 
The humeral hexid, the larger and more superficial, arises immediately above 
the medial epicondyle, and from the tendon common to the origin of the other 
muscles ; also from the intermuscular septum between it and the Flexor carpi 
radialis and from the antebrachial fascia. The much smaller ulnar head arises 
from the medial side of the coronoid process of the ulna below the origin of the 
flexor digitorum sublimis, and joins the humeral head at an acute angle. The 
median nerve enters the forearm between the heads of ^he muscle, and is 
separated from the ulnar artery by the ulnar head. The muscle passes obliquely 
across the forearm and ends in a flat tendon, which is inserted into a rough 

* Wilfred Harris {Jowmcd of Anatomy, vol. xxxviii.) is of opinion that the Triceps is 
mainly supplied by the sixth and seventh cervical nerves. 
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Fig. 620. — The superficial flexor muscles of the right forearm, the palmar 
aponeurosis and the digital fibrous flexor sheaths. 
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impression on the middle of the lateral surface of the shaft of the radius. The 
lateral border of the muscle forms the medial boundary of the triangular hollow 
which is situated in front of the elbow-joiut, and contains the median nerve, 
brachial artery, and tendon of the Biceps. 

Nerve-supply. — ^The Pronator teres is supplied by the median nerve (C. 6). 

Actions. — The Pronator teres rotates the radius upon the ulna, turning the 
palm of the hand backwards, i.e. it pronates the forearm and hand ; it also 
helps to flex the elbow- joint, when great force is required. 

The Flexor carpi ra^alis (figs. 620, 621, 624) lies on the medial side of the 
Pronator teres. It arises from the medial epicondyle by the common tendon, 
from the antebrachial fascia, and from the intermuscular septa between it and 
the adjacent muscles. Its fleshy belly is fusiform in shape and, rather more than 
halfway down the forearm, ends in a long tendon, which passes through a canal 
in the lateral part of the flexor retinaculum (transverse carpal ligament) and 
occupies a groove on the trapezium (greater multangular bone) ; this groove is 
lined by a synovial sheath. The tendon is inserted into the palmar surface of 
the base of the second metacarpal bone, and sends a shp to the base of the 
third metacarpal bone. These bony attachments are hidden by the origin of 
the oblique head of the adductor poILicis (fig. 633). In the lower part of the 
forearm the radial artery lies between the tendon of this muscle and that of the 
Brachioradiahs. 

Nerve-supply. — The Flexor carpi radialis is supplied by the median nerve 
(C. 6). 

Actions.— Acting with the Flexor carpi ulnaris, the Flexor carpi radialis flexes 
the wrist ; acting with the radial extensors of the wrist, it helps to abduct the 
hand. It participates, as a synergic muscle, in flexion of the togers. 

The Palmaris longus (figs. 620, 621, 632) is a slender, fusiform muscle, lying 
on the medial side of the Flexor carpi radialis. It arises from the medial epi- 
condyle of the humerus by the common tendon, from the intermuscular septa 
between it and the adjacent muscles, and from the antebrachial fascia. It ends 
in a long slender tendon, which passes in front of the flexor retinaculum (trans- 
verse carpal ligament), and is inserted into the anterior surface of the distal 
one-half of this structure and into the central part of the palmar aponeurosis, 
frequently sending a tendinous slip to the short muscles of the thumb. Just 
above the wrist the median nerve lies deep to the tendon, and projects a little 
beyond its lateral edge. 

This muscle is often absent, and is subject to very considerable variations : 
it may be tendinous above and muscular below, or muscular in the middle with 
a tendon above and below ; it may consist of two muscular bundles with a 
central tendon ; or it may be represented solely by a tendinous band. 

Nerve-supply. — ^The Palmaris longus is supplied by the median nerve (C. 8). 

Actions. — The Palmaris longus tightens the palmar aponeurosis and flexes 
the wrist. 

The Flexor carpi ulnaris (figs. 620, 621, 624) lies along the ulnar side of the 
forearm. It arises by two heads, humeral and ulnar, coimected by a tendinous 
arch, beneath which the ulnar nerve passes downwards and the posterior ulnar 
recurrent artery upwards. The humeral head is very small and arises from the 
medial epicondyle of the humerus by the common tendon ; the uluar head arises 
from the medial margin of the olecranon, and from the upper two-thirds of the 
posterior border of the ulna by an aponeurosis common to it and the Extensor 
carpi ulnaris and Flexor digitorum profundus, and from the intermuscular 
septum between it and the Flexor digitorum sublimis. The fibres end in a 
tendon which is formed along the anterolateral border of the muscle in its 
distal one-half and is inserted into the pisiform bone, whence it is prolonged to 
the hamate and fifth metacarpal bones by the pisohamate and pisometacarpal 
ligaments (p. 474) ; it is also attached by a few fibres to the flexor retinaculum. 
The ulnar vessels and nerve lie on the lateral side of its tendon of insertion. 

Nerve-supply. — The Flexor carpi ulnaris is supplied by the ulnar nerve 
(C. 8 and T. i). 

Actions. — Acting with the Flexor carpi radialis, the Flexor carpi ulnaris 
flexes the wrist ; acting with the Extensor carpi ulnaris, it is a powerful adductor 
of the hand. It participates, as a synergic muscle, in flexion of the fingers. 
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The Flexor digitorum sublimis (figs. 620, 621, 624) is deep to the preceding 
muscles j it is the largest of the muscles of the superficial group, and arises by 
two heads, humero-ulnar and radial. The %ui716to-u17uit heojd arises from the 
medial epicondyle of the humerus by the common tendon, from the anterior 
portion of the medial (ulnar collateral) ligament of the elbow, from the inter- 
muscular septa between it and the preceding muscles, and from the medial 
side of the coronoid process, above the ulnar origin of the Pronator teres. The 
radial head, which is a thin sheet of muscle, arises from the anterior border of 
the radius, extending from the radial tuberosity to the insertion of the Pronator 
teres. The median nerve and the ulnar artery pass downwards through the gap 
which intervenes between these two heads. The muscle speedily separates into 
two strata of muscular fibres, superficial and deep ; the superficial stratum, 
which is joined on its lateral side by the radial head, divides into two parts, 
which end in tendons for the middle and ring fingers ; the deep stratum gives 


Fig. 621. — transverse section throi|gh the forearm at the level of the radial 

tuberosity. 
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off a muscular slip to join that part of the superficial plane which is associated 
with the tendon of the ring finger, and then divides into two parts, which end 
in tendons for the index and little fingers. As the four tendons pass behind 
the flexor retinaculum (transverse carpal ligament), they are arranged in pairs, 
the superficial pair going to the middle and ring, the deep pair to the index and 
little fingers. The tendons diverge from one another in the palm and opposite 
the bases of the proximal phalanges each divides into two slips, to allow of the 
passage of the corresponding tendon of the Flexor digitorum profundus ; the 
surfaces of the two slips become reversed and they then reunite, partially decus- 
sate, and so form a grooved channel for the reception of the tendon of the 
Flexor digitorum profundus. Finally the tendon divides and is inserted into 
the sides of the shaft of the middle phalanx. 

Nerve-supply. — The Flexor digitorum sublimis is supplied by the median 
nerve (C. 7 and 8 and T. 1). 

Actions. — ^The Flexor digitorum sublimis flexes first the middle and then 
the proximal phalanges. It can also act as a flexor of the wrist. 

Relations . — In the forearm. The Flexor digitorum sublimis is covered by the Palmaris 
longus. Flexor carpi radialis, Pronator teres, Brachioradialis, the radial artery and the radial 
nerve. It is placed in front of the Flexor digitorum profundus, the upper part of the ulnar 
artery, the median nerve (which is closely bound to it by fibro-areolar tissue) and the 
Flexor pollicis longus. At the wrist, the tendons of the Flexor digitorum sublimis pass 
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behind the flexor retinaculum, lying in front of the tendons of the Flexor digitorum pro- 
fundus and sharing a common synovial sheath with them (fig. 629). The Flexor poUicis 
longus tendon and the median nerve lie to their lateral side. In the hand, the tendons lie 
behind the palmar aponeurosis, the superficial palmar (volar) arch and the digital branches 
of the median and ulnar nerves, but in front of the tendons of the Flexor digitorum pro- 
fundus and the lumbrical muscles. 


(6) Deep Ormp (fig. 622) 

Flexor digitorum profundus. Flexor poUicis longus. 

Pronator quadratus. 

The Flexor digitorum profundus (figs. 621,. 622, 624) is situated on the ulnar 
side of the forearm, deep to®the superficial flexors. It arises from the upper 
three-fourths of the anterior and medial surfaces of the shaft of the ulna, 
embracing the insertion of the Brachialis above, and extending to within a short 
distance of the Pronator quadratus below. It also arises from a depression on 
the medial side of the coronoid process of the ulna, and from the upper three- 
fourths of the posterior border of the bone by an aponeurosis, in common with 
the Flexor and Extensor carpi ulnaris ; it also springs from the anterior surface 
of the uhiar half of the interosseous membrane. The muscle ends in four tendons, 
which run behind the flexor retinaoulum deep to the tendons of the Flexor 
digitorum sublimis. The portion of the muscle for the index finger is usually 
distinct throughout, but the tendons for the middle, ring and little fingers are 
connected together by areolar tissue and tendinous slips, as far as the palm of 
the hand. Opposite the proximal phalanges the tendons pass through the 
openings in the tendons of the Flexor digitorum sublimis, and they are inserted 
into the palmar surfaces of the bases of the distal phalanges. 

Nerve-supply. — The medial part of the Flexor digitorum profundus is 
supplied by the ulnar nerve and its lateral. part by the anterior interosseous 
branch of the median nerve (0. 7 and 8 and T. 1). 

Actions. — The Flexor digitorum profundus flexes the distal phalanges, after 
the Flexor digitorum sublimis has bent the middle phalanges ; it can also assist 
in flexing the wrist. ' 

Four small muscles, named the Lumbricales, are connected with the tendons 
of the Flexor digitorum profundus in the palm, and are described with the 
muscles of the hand (p. 619). 

Fibrous sheaths of the flexor tendons. — ^After leaving the palm, the tendons 
of the Flexores digitorum sublimis et profundus lie in osseo-aponeurotic canals 
(figs. 630, 635), formed behind by the phalanges, and m front by fibrous bands 
which arch across the tendons, and are attached on each side to the margins 
of the phalanges and to the palmar ligaments of the mterphalangeal joints. 
Opposite the middle of the proximal and middle phalanges the bands {digital 
vaginal ligaments) are very strong, and the fibres are transverse ; but opposite 
the joints they are much thinner, and consist of annular and cruciate fibres. 
Each canal is lined by a synovial sheath, which is reflected on to the contained 
tendons. 

As the flexor tendons approach their insertions they are connected to the 
dorsal parts of the enclosing synovial sheaths by triangular and thread-like bands 
of synovial membrane. These bands, termed vincula tendinum (fig. 623), convey 
minute vessels to the tendons, and are of two kinds, {a) vincula brevia and 
(6) vincula longa. 

The vincula brevia^ two in number in each finger, are triangular bands at- 
tached to the deep surfaces of the tendons close to their insertions ; one 
connects the tendon of the Flexor digitorum sublimis to the front of the proximal 
interphalangeal joint and adjacent part of the proximal phalanx, and the other 
the tendon of the Flexor digitorum profundus to the front of the distal inter- 
phalangeal joint and adjacent part of the middle- phalanx. The vincula longa 
are thread-like slips, of which two are usually attached to each tendon of the 
Flexor digitorum subHmis, and one to each tendon of the Flexor digitorum 
profundus. Those of the Flexor digitorum sublimis are connected to the slips 
of that tendon where these fold'over the tendon of the Flexor digitorum pro- 
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Fig. 622.-7-The deep muscles of the front of the right fore-arm. 


Extensor carpi 
radialis brevis 




Supinator 


Extensor carpi 
radialis hngus’' 


Flexor poUicis hngus . 


"Flexor carpi ulnaris 


Pronator 


BracMoradialis tendon 
\ 

Flexor carpi radialis 
{cut tendon) \ 


Flexor retinaculum {cut) 
Abductor poUicis brevis 


■^Abdvdor digiti minimi 


Flexor poUicis brevis 


Adductor f Oblique head 

{Transverse head 


Lurnbrioal muscles 


dorsal irMr-f i|f | 

osseus muscle fill 


^Deep transverse liga- 
ments of the palm 

Flexor digitorum 
sublimis tendon, cut. 



THE MUSCLES OF THE FOREARM 


603 


fundus, and, passing one on each side of the latter tendon, are attached to the 
sheath at the lateral margins of the proximal end of the proximal phalanx. 
That of the tendon of the Flexor digitorum profundus is fixed to its tendon 
shortly after the latter has pierced the tendon of the Flexor digitorum sublimis. 
It runs upwards and backwards, perforates one of the two shps of the latter 
tendon, or passes between the two slips ; thereafter it blends with the vinculum 
breve of the Flexor digitorum sublimis, and is attached to the dorsal wall of 
the synovial sheath at the distal end of the proximal phalanx. 

The Flexor poUicis longus (figs. 622, 624) is situated on the radial side of 
the forearm in the same plane as the Flexor digitorum profundus. It arises 
firom the grooved, anterior surface of the shaft of the radius, extending from 
immediately below the tuberosity to within a short distance of the Pronator 
quadratus. It arises also from the adjacent part of the interosseous membrane, 
and generally by a fusiform, fleshy slip from the medial border of the coronoid 
process, distal to the Flexor digitorum sublimis and Pronator teres, or from the 


Fig. 623. — The tendons and the vincula tendinum of the right index finger. 
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medial epicondyle of the humerus. The fibres end in a flattened tendon, which 
passes behind the flexor retinaculum, is then lodged between the opponens 
poUicis and the oblique head of the Adductor poUicis, and, entering an osseo- 
aponeurotic canal similar to those for the flexor tendons of the fingers, is in- 
serted into the palmar surface of the base of the distal phalanx of the thumb. 
The anterior interosseous nerve and vessels descend on the front of the inter- 
osseous membrane between the Flexor poUicis longus and Flexor digitorum 
profundus. 

Nerve-supply, — ^The Flexor poUicis longus is suppUed by the anterior inter- 
osseous branch of the median nerve (C. 8 and T. 1 ). 

Actions. — The Flexor poUicis longus is a flexor of the phalanges of the 
thumb ; it can also act as a flexor of the wrist. 

The Pronator quadratus (figs. 622, 628) is a flat, quadrUateral muscle, ex- 
tending across the front of the lower parts of the radius and ulna. It arises 
from the oblique ridge on the lower part of the anterior surface of the shaft 
of the ulna (fig. 411) ; from the medial part of the. anterior surface of the lower 
one-fourth of the ulna ; and from a strong aponeurosis which covers the medial 
one-third of the muscle. The fibres pass lateraUy and sUghtly downwards, to 
be inserted into the lower one-fourth of the anterior border and surface of the 
shaft of the radius ; the deeper fibres are inserted mto the triangular area above 
the ulnar notch of the radius. 

Nerve-supply. — ^The Pronator quadratus is supplied by the anterior inter- 
osseous branch of the median nerve (C. 6 and 7). 

Action. — ^The Pronator quadratus pronates the forearm, i.e. turns It so that 
the palm of the hand is directed backwards. 
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2. The Postebiob Ai^tebeaohial Muscles 

These muscles are divided for convenience of description into two groups, 
superficial and deep. 

■ (a) Superficial Group (fig. 625) 

Brachioradialis. Extensor digitorum. 

Extensor carpi radialis longus. Extensor digiti minimi. 

Extensor carpi radialis brevis. Extensor carpi ulnaris. 

Anconeus. 

The Brachioradialis (figs. 620, 621, 625) is the most superficial muscle on 
the radial side of the forearm. It arises from the upper two-thirds of the lateral 


Fig. 624. — transverse section through the middle of the forearm. 
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supracondylar ridge of the humerus, and from the front of the lateral inter- 
muscular septum. The radial nerve and the anastomosis between the arteria 
profunda brachii and the radial recurrent artery are interposed between it and 
the Brachialis. The fibres end above the middle of the forearm in a fiat tendon 
which is inserted into the lateral side of the lower end of the radius, immediately 
above the styloid process. The tendon is crossed at its insertion by the tendons 
of the Abductor poUicis longus and Extensor pollicis brevis ; the radial artery 
is on its ulnar side. ^ 

Nerve-supply. — ^The Brachioradialis is supplied by the radial nerve (C. 5 
and 6). . 

Action. — ^The Brachioradialis is a flexor of the elbow- joint, but is supplied 
by the nerve of the extensor muscles, i.e. the radial nerve. It acts to best 
advantage when the forearm is in the midprone position. 

The Extensor carpi radialis longus (figs. 621, 625) is partly covered by the 
Brachioradialis. It arises mainly from the lower one-third of the lateral supra- 
condylar ridge of the humerus and from the front of the lateral intermuscular 
septum, but it receives a few fibres from the common tendon of origin of the 
extensor muscles of the forearm. The muscle ends at the junction of the upper 
and middle thirds of the forearm in a flat tendon, which runs along the lateral 
border of the radius, deep to the Abductor pollicis longus and Extensor pollicis 
brevis ; it then passes under cover of the extensor retinaculum (dorsal carpal 
ligament), where it lies on the back of the radius in a groove immediately behind 
the styloid process. It is inserted into the radial side of the dorsal surface of 
the base of the second metacarpal bone. 
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Nerve-supply. — The Extensor carpi radialis longus is supplied by the radial 
nerve (C. 6 and 7). 

The Extensor carpi radialis brevis (figs. 621, 624, 625) is shorter than the 
preceding muscle and is covered by it. It arises from the lateral epicondyle of 
the humerus, by a tendon common to it and the next three muscles ; from the 
lateral ligament of the elbow- joint ; from a strong aponeurosis which covers its 
surface ; and from the intermuscular septa between it and the adjacent muscles. 
The fibres end about the middle of the forearm in a flat tendon which closely 
accompanies that of the preceding muscle to the wrist ; it passes deep to the 
Abductor poUicis longus and Extensor poUicis brevis, then under cover of the 
extensor retinaculum (dorsal carpal ligament), and is ^inserted into the dorsal 
surface of the base of the third metacarpal bone, on its radial side and distal 
to its styloid process, and into the adjoining part of the base of the second meta- 
carpal bone. Under the extensor retinaculum the tendon lies on the back of the 
radius in a shallow groove, on the ulnar side of the groove which lodges the tendon 
of the Extensor carpi radialis longus, and separated from it by a faint ridge. 

The tendons of the two preceding muscles pass through the same compart- 
ment of the extensor retinaculum in a single synovial sheath. 

Nerve-supply. — ^The Extensor carpi radiahs brevis is supplied by the pos- 
terior interosseous nerve (deep branch of the radial nerve) (C. 6 and 7). 

Actions.— Both the preceding muscles, working with the Extensor carpi 
ulnaris, extend the wrist ; working with the Flexor carpi radialis, they abduct 
the hand. Both participate as synergic muscles in flexion of the fingers. 

The Extensor ^gitorum (Extensor digitorum communis) (figs. 621, 624, 625) 
arises from the lateral epicondyle of the humerus by the common tendon ; 
from the intermuscular septa between it and the adjacent muscles, and from 
the antebrachial fascia. It divides below into four tendons, which pass, to- 
gether with that of the Extensor indicis, through a compartment of the extensor 
retinaculum (dorsal carpal ligament), within a sjmovial sheath. The tendons 
then diverge on the^ack of the hand, and are inserted in the following manner. 
Opposite the metacarpophalangeal joint each tendon is bound by fasciculi to 
the collateral ligaments, and serves as the dorsal ligament of this joint ; after 
crossing the joint, it spreads into an aponeurosis which covers the dorsal surface 
of the proximal phalanx and is there reinforced by the corresponding tendons 
of the Interosseous and Lumbrical muscles. Opposite the proximal inter- 
phalangeal joint this aponeurosis divides into three slips, an intermediate and 
two collateral : the intermediate is inserted into the base of the middle phalanx ; 
the two collateral are continued onwards along the sides of the middle phalanx, 
and uniting by their contiguous margins, are inserted into the dorsal surface 
of the base of the distal phalanx. As the tendons cross the interphalangeal 
joints, they serve as their dorsal ligaments. The tendon to the index finger is 
accompanied by the Extensor indicis, which lies on its ulnar side. On the back 
of the hand, the tendons to the middle, ring and little fingers are connected by 
two obliquely placed bands, one from the third tendon passing downwards 
and laterally to the second tendon, and the other passmg from the fourth 
to the third. Occasionally the second tendon is connected to the first by a thin, 
oblique band. 

Nerve-supply. — The Extensor digitorum is supplied by the posterior inter- 
osseous nerve (deep branch of radial nerve) (C. 7). 

Actions. — Owing to its attachments to the collateral ligaments of the meta- 
carpophalangeal joints the Extensor digitorum acts only on the proximal phal- 
anges, the middle and distal phalanges being extended by the Interosseous and 
Lumbrical muscles ; it tends to separate the fingers as it extends them. When 
required, it can assist in extending the wrist. 

The Extensor digiti miTiimi (Extensor digiti quinti proprius) (fig. 625) is a 
slender muscle, medial to, and usually connected with, the Extensor digitorum. 
It arises from the common extensor tendon by a thin tendinous slip, and from 
the intermuscular septa between it and the adjacent muscles. Its tendon runs 
through a compartment of the extensor retinaculum behind the inferior radio- 
ulnar joint, then divides into two as it crosses the hand, and finally joins the 
expansion of the Extensor digitorum tendon on the dorsum of the proximal 
phalanx of the fifth digit. 
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Fig. 625 .— -Muscles of extensor aspect of forearm, Nerve-SUpply. — The Exten- 
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Nerve-supply.— The Anconeus is supplied by the radial nerve (0. 7 and 8). 
Action. The Anconeus assists the Triceps in ex;tending the elbow-joint. 
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(b) Deep Group (fig. 626) 


Supinator. 

Abductor poUicis longus. 


Extensor indicis. 


Extensor poUicis brevis. 
Extensor poUicis longus. 


The Supinator (figs. 621, 
the radius, and consists of a 
posterior interosseous nerve 
(deep branch of the radial 
nerve) passes. The two parts 
arise in common — ^the super- 
ficial one by tendinous and 
the deeper by muscular fibres 
— ^from the lateral epicondyle 
of the humerus ; from the 
lateral hgament of the elbow- 
j oint, and the annular ligament 
of the superior radio-ulnar 
jomt ; from the supinator crest 
of the ulna and from the post- 
erior part of the triangular 
depression in front of it ; and 
from a tendinous expansion 
which covers the surface of the 
muscle . The muscle is inserted 
into the lateral surface of the 
proximal one-third of the 
radius, reaching as low as 
the insertion of the Pronator 
teres. The insertion extends 
on to the anterior and posterior 
aspects of the radius, for the 
anterior and posterior borders 
of the bone incline medially 
at their upper ends (p. 348) 
(fig. 412). 

Nerve-supply. — ^The Supin- 
ator is supplied by the post- 
erior interosseous nerve (C. 5 
and 6). 

Actions . — The Supinator 
rotates the radius so as to turn 
the palm of the hand forwards . 

The Abductor pollicis 
longus (figs. 624, 625, 626) 
lies distal to the Supinator 
and is closely related to the 
Extensor pollicis brevis. It 
arises from the lateral part of 
the posterior surface of the 
shaft of the ulna below the 
insertion of the Anconeus, 
from the interosseous mem- 
brane, and from the middle 
one-third of the posterior 
surface of the shaft of the 
radius immediately adjoimng 
the insertion of the supinator. 
Passing obliquely downwards 
and laterally, it ends in a ten- 
don, (frequently two tendons), 


626, 627) surrounds the upper one-third of 
superficial and a deep part, between which the 

Fiq. 626. — ^The left posterior antebrachial muscles. 
Beep group. 
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whicli runs in a groove on the lateral side of the lower end of the radius, accom- 
panied by the tendon of the Extensor poUicis brevis, and is inserted into the 
radial side of the base of the first metacarpal bone. It occasionally gives off 
two slips near its insertion : one to the trapezium (greater multangular bone), 
and the other to blend with the origin of the Abductor poUicis brevis. 

Nerve-supply.— The Abductor poUicis longus is supplied by the posterior 
interosseous nerve (C. 6 and 7). 

Actions. — ^The Abductor poUicis longus, acting with the Abductor poUicis 
brevis, abducts the thumb ; acting with the Extensores poUicis, it extends the 

thumb at the carpometacarpal 
Fig. 627 . — ^The right Supinator. Posterolateral joint ; acting with the Elexor 
aspect. carpi radialis and the corre- 



sponding extensors, it assists in 
abducting the hand, but it can 
only do so indirectly through 
the extended thumb. 

The Extensor poUicis brevis 
(figs. 625, 626) Ues on the medial 
side of, and is closely connected 
with, the Abductor poUicis 
longus. If arises from the pos- 
terior surface of the shaft of the 
radius below that muscle, and 
from the interosseous mem- 
brane. Its direction is simUar 
to that of the Abductor poUicis 
longus, its tendon passing 
through the same groove on 
the lateral side of the lower 
end of the radius, to be inserted 
into the dorsal surface of the 
base of the proximal phalanx 
of the thumb. 

Nerve-supply, — ^The Exten- 
sor poUicis brevis is supplied by 
the posterior interosseous nerve 
(C. 7). 

Actions. — ^The Extensor 
poUicis brevis extends the prox- 
imal phalanx of the thumb ; 
when necessary, it can assist in 
extending the wrist and abduct- 
ing the hand. 

In the lower one-third of the 
forearm the Abductor poUicis 


longus and the Extensor poUicis 
brevis become superficial by emerging between the Extensor carpi radialis brevis 
and the Extensor digitorum. They then run obUquely across the tendons of the 
radial extensors of the wrist, cover the insertion of the Brachioradialis, and, 
passing through the most lateral compartment of the extensor retinaculum 
(dorsal carpal ligament), cross superficial to the styloid process of the radius and 
the radial artery. 

The Extensor poUicis longus (figs. 625, 626) is larger than the Extensor 
poUicis brevis, the origin of which it partly covers. It arises from the lateral 
part of the middle one-third of the posterior surface of the shaft of the ulna 
below the origin of the Abductor poUicis longus, and from the interosseous 
membrane. It ends in a tendon, which passes through a compartment of the 
extensor retinaculum, lying in a narrow, oblique groove on the back of the lower 
end of the radius. It then crosses obliquely the tendons of the Extensores 
carpi radiales longus et brevis, and is separated from the Extensor polUcis 
brevis by a triangular interval, in which the radial artery lies ; it is inserted 
into the base of the distal phalanx of the thumb. 
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Nerve-supply. — ^The Extensor pollicis longus is supplied by the posterior 
interosseous nerve (C. 7). 

Actions. — ^The Extensor pollicis longus extends the distal phalanx of the 
thumb ; it can assist, when required, in extending the wrist and abducting the 
hand. 

The Extensor indicis (Extensor indicis proprius) (fig, 626) is a narrow, 
elongated muscle, medial to, and parallel with, the preceding. It arises from 
the posterior surface of the shaft of the uhaa below the origin of the Extensor 
pollicis longus, and from the interosseous membrane. Its tendon passes under 
cover of the extensor retinaculum in the compartment which transmits the 
tendons of the Extensor digitorum ; opposite the head of the second metacarpal 
bone it joins the ulnar side of the tendon of the Extensor digitorum which runs 
to the index finger. 

Nerve-supply. — The Extensor indicis is supplied by the posterior inter- 
osseous nerve (0. 7). 

Actions. — The Extensor indicis extends the index finger at the metacarpo- 
phalangeal joint, and can assist in extending the wrist. 

Applied Arwitomy . — ^The tendons of the Abductor longus and extensors of the thumb 
are liable to become strained, and their sheaths inflamed {tenosynovitis) after excessive 
exercise, producing a sausage-shaped sweUing along the course of the tendons and giving 
a peculiar grating sensation to the touch when the muscles are put in action. 

Paralysis of the extensor muscles of the wrists and fingers resulting in ‘ wrist-drop ’ 
is common in lead poisoning m painters. The different extensor muscles are affected 
unequally as a rule. Thus the thumb, or index, or little finger may be but slightly impli- 
cated, and recover rapidly while the extensors of the other fingers or wrist remain power- 
less ; and some of the flexor muscles of the fingers may become paretic. This apparently 
selective action of the lead in cases of lead poisoning depends in reality upon occupational 
over-use of the affected muscles or groups of muscles. 


VI. The Musglbs of the Hand 


The muscles of the hand are subdivided into three groups : 1, those of the 
thumb, which occupy the lateral side and produce the thenar eminence ; 2, 
those of the little finger, which occupy the medial side and give rise to the 
hypothenar eminence ; 3, those in the middle of the palm and between the 
metacarpal bones. 

Fig. 628. — transverse section through the distal ends of the left radius and ulna. 

Superior aspect. 
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The flexor retinaculum (transverse carpal ligament) (figs. 629, 630) is a 
strong, fibrous band which crosses the front of the carpus and converts the 
concavity formed by the anterior surfaces of the carpal bones into a tunnel, 
through which the fiexor tendons of the digits and the median nerve pass. It 
is attached, medially, to the pisiform bone and to the hook of the hamate bone ; 

G.A. u 
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laterally, it splits into two laroinsB, a superficial attached to the tubercle of 
the scaphoid (navicular) and the crest of the trapezium (greater multangular), 
and a deep, to the medial lip of the groove on the latter bone (fig. 629) ; the 
two lamiTifP. form with the groove on the trapezium a tunnel, which is lined by a 
synovial sheath containing the tendon of the Flexor carpi radialis. The retin- 
aculum is continuous, above, with the fascia covering the Flexor digitorum 
sublimis and with the general investing layer of the antebrachial fascia. It is 
these two layers which separate on reaching the trapezium. It is crossed super- 
ficially by the ulnar vessels and nerve, and the palmar cutaneous branches of 
the median and ulnar nerves. On its palmar surface the tendons of the Palmaris 
longus and Flexor carpi ulnaris are partly inserted ; below, it gives origin to 
some of the short muscles of the thumb and little finger. 


Fig. 629.T— a transverse section through the left wrist, showing the tendons and 
their synovial sheaths. 
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The section is slightly oblique and divides the distal row of the carpus, and the 
bases of the first, second and third metacarpal bones. The arrangement of 
the tendons of the flexors of the fingers shown in the figure is not diagramr 
matic but represents the actual condition at this level. Observe that the 
carpometacarpal joint of the thumb is shut off from the joint between the 
trapezium and the base of the second metacarpal bone. 


A localised thickening in the general investing layer of the antebrachial 
fascia which extends laterally from the pisiform bone (fig. 632) is termed the 
superficial part of the flexor retinaculum (volar carpal ligament). It crosses in 
front of the ulnar vessels and nerves and blends with the rest of the retinaculum 
on their lateral side. 

The synovial sheaths of the tendons on the front of the wrist. — Two synovial 
sheaths envelop the fiexor tendons as they traverse the carpal tunnel, one for 
the Flexores digitorum sublimis et profundus, the other for the Flexor pollicis 
longus (fig. 630). These sheaths extend into the forearm for about 2*5 cm. 
above the flexor retinaculum, and occasionally communicate with each other 
behind that structure. The sheath of the Flexores digitorum tendons reaches 
about halfway along the metacarpal bones, where it ends in blind diverticula 
around the tendons to the index, middle, and ring fingers. It is prolonged on 
the tendons to the , little finger and usually communicates with the digital 
synovial sheath of these tendons. A transverse section through the carpus 
(fig. 629) shows that the tendons have been invaginated into the sheath from 
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the lateral side. The parietal layer lines the flexor retinaculum and the floor 
of the carpal tunnel and is reflected, at the lateral side, on to the tendons of the 
flexor digitorum sublimis jhom in front, and on to those of the flexor digitorum 
profundus from behind. On the medial side a recess of the sheath is insinuated 


Fig. 630. ^The synovial sheaths of the tendons on the front of the left wrist and hand. 

(From a specimen prepared by J. C. B. Grant.) 
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between the two groups of tendons for a variable distance. The sheath of the 
tendon of the Flexor poUicis longus, which may be separate or may commumoate 
with the common flexor sheath behind the flexor retinaculum, is contmued 
along the thumb as far as the insertion of the tendon. The fibrous sheaths 
enveloping the terminal parts of the tendons of the Flexores digitorum have 
stlready been described (p. 601). 
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The extensor retinaculum (dorsal carpal ligament) (fig. 631) is a strong, 
fibrous band, extending obliquely across the back of the wrist, and consisting 
of part of the antebrachial fascia, strengthened by the addition of some obliquely 
transverse fibres. It is attached, medially, to the styloid process of the ulna and 


Eio. 631. — ^The synovial sheaths of the tendons on the back of the left wrist. 
(From a specimen prepared by J. C. B. Grant.) 
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of the foUowing positions (fig. 631) : (1) on the lateral side of the styloid 
process of the radius, for the tendons of the Abductor pollicis longus and 
Extensor pollicis brevis ; (2) behind the styloid process, for the tendons of the 
Extensores carpi radiales longus et brevis ; (3) on the medial side of the dorsal 
tubercle of the radius, for the tendon of the Extensor pollicis longus ; (4) on the 
medial side of the latter, for the tendons of the Extensor digitorum and Extensor 
indicis ; (5) opposite the interval between the radius and ulna, for the Extensor 
digiti miTiimi ; (6) between the head and the styloid process of the ulna, for 


Fig. 632. — ^The left palmar aponeurosis. 
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the tendon of the Extensor carpi ulnaris. The sheaths of the tendons of the 
Abductor pollicis longus, Extensores pollicis brevis et longus, Extensores carpi 
radiales, and Extensor carpi ulnaris stop immediately proximal to the bases ot 
the metacarpal bones, while those of the Extensor digitorum, Extensor mdicis 
and Extensor digiti TniniTni are prolonged to the junction of the proximal with 
the intermediate one-third of the metacarpus. 

The palmar aponeurosis (fig. 632) invests the muscles of the palm, and 

consists of central, lateral and medial portions. i • v 

The central portion occupies the middle of the palm, is triangmar m 
and of great strength and thickness. Its apex is continuous with the distal 
margin of the fiexor retinaculum (transverse carpal ligament) and gives msertion 
to the expanded tendon of the Palmaris longus. Its base divides into fom slips, 
one for each finger. The slips give off superficial fibres to the skm ot the palm 
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and £iig6rs ; those to the palm joining the skin at the furrow corresponding to 
the metacarpophalangeal joints, and those to the fingers passing into the skin at 
the transverse folds at the roots of the fibngers. The deeper part of each slip 
subdivides into two processes which are inserted into the fibrous sheaths of 
the flexor tendons j from the sides of these processes offsets are attached to 
the deep transverse ligaments of the palm (transverse metacarpal ligaments). 
By this arrangement short channels are formed on the front of the heads of 
the metacarpal bones ; through these the flexor tendons pass. The intervals 
between the four slips transmit the digital vessels and nerves, and the tendons 
of the Lumbrical muscles. At the points of division into the slips mentioned, 
numerous strong, transverse fibres bind the separate processes together. The 
central part of the palmar aponeurosis is intimately bound to the skin by dense 
fibro-areolar tissue, and the proximal part of its medial margin gives origin to 
the Pabnaris brevis. It covers the superficial palmar arch, the tendons of the 
Flexores digitorum, the terminal part of the median nerve, and the superficial 
part of the ulnar nerve. 

The lateral and medial portions of the palmar aponeurosis are thin, fibrous 
layers which cover the muscles of the ball of the thumb and the short muscles 
of the little finger respectively ; they are continuous with the central portion 
and with the fascia on the dorsum of the hand. 

A septum passes dorsally from each border of the central portion of the 
palmar aponeurosis. The medial palmar septum lies close to the lateral side of 
the Opponens digiti TniuiTni and reaches the palmar surface of the fifth meta- 
carpal bone. At its distal end it is continuous with the slip of the palmar 
aponeurosis to the medial side of the fibrous sheath of the little finger ; at its 
proximal end it reaches the hook of the hamate bone and the pisohamate liga- 
ment and is pierced by the deep branches of the ulnar nerve and artery. The 
lateral palmar septum passes dorsally from the lateral border of the central 
portion of the palmar aponeurosis to reach the palmar surface of the first meta- 
carpal bone. It lies along the medial side of the Flexor brevis and Opponens 
polhcis muscles ; intervening between them and the Flexor pollieis longus 
tendon and its synovial sheath. At its proximal end it reaches the crest of the 
trapezium and is pierced by the branch from the median nerve to the muscles 
of the thenar eminence. 

The fascial spaces of the palm. — The central part of the palm, which lies behind the 
central portion of the palmar aponeurosis and between the lateral and medial palmar septa, 
is further subdivided mto medial and lateral parts by an intermediate palmar septum. The 
medial area has been termed the middle palmar space (Kanavel) and the lateral area the 
thefmr space. 

The intermediate palmar septum lies between the flexor tendons of the index finger on 
the lateral side and the second lumbrical muscle on the medial side. At its distal end it is 
continuous with the slip given by the palmar aponeurosis to the medial side of the fibrous 
sheath of the index and the adjoining deep transverse ligament of the palm. Dorsally, it 
blends with the fasciae covering the distal part of the second Palmar interosseous muscle 
and the transverse head of the Adductor pollieis, and it can be traced medially on the latter 
muscle to the third metacarpal bone. Anteriorly, it is attached to the deep surface of the 
palmar aponeurosis, but at its proximal end it meets the common flexor synovial sheath 
and blends with the coimective tissue on its posterior surface. 

The middle palmar space lies between the medial palmar septum and the intermediate 
septum. Its dorsal wall is formed by the third, fourth and fifth metacarpal bones, by the 
fascia covering the Interosseous muscles in the third and fourth spaces, and by the fascia 
covering the medial part of the transverse head of the Adductor pollieis. Its anterior wall 
is formed by the central portion of the palmar aponeurosis and, proximally, by the common 
flexor synovial sheath. The middle palmar space contains the flexor tendons of the fifth, 
fourth and third fingers, the fourth, third and second lumbrical muscles, the superficial 
palmar arch and the digital vessels and nerves for the fifth, fourth, third and ulnar side 
of the index finger. Distally, the space communicates with the subcutaneous tissues at 
the webs between the fingers : proximally, it may extend upwards dorsal to the common 
flexor synovial sheath. 

The thenar space lies between the lateral and the intermediate palmar septum. Dorsally, 
it is boimded by the fasciae covering the transverse head of the Adductor poUicis and, 
beyond its lower border, the first Dorsal interosseous muscle. Anteriorly, it is bounded by 
the palmar aponeurosis. It contains the Flexor pollieis longus tendon and its synovial 
sheath, the Flexor tendons of the index finger and the first Lumbrical muscle, and the 
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palmar digital vessels and nerves of the thnmb and radial side of the index finger. Distally 
the space communicates with the subcutaneous tissues of the web of the thumb ; proximally 
it extends upwards behind the flexor retinaculum. 

The superficial transverse ligament of the palm forms a thin band (fig. 632) which stretches 
across the roots of the fingers, and is attached to the skin of the clefts, and medially to the 
fifth metacarpal bone, forming a sort of rudimentary web. The digital vessels and nerves 
pass deep to these fasciculi. 

Applied Anatomy . — ^The palmar aponeurosis is liable to undergo contraction, producing 
a very inconvenient deformity known as ‘ Dupuytren’s contraction.’ The ring and little 
fingers are most frequently implicated, but the others may also be involved. The proximal 
phalanx is flexed and cannot be straightened, and the middle and distal phalanges become 
similarly flexed as the disease advances. 

Owing to their constant exposure to injury and septic influences, the fingers are very 
liable to become the seat of serious inflammatory mischief. In some cases, the inflam- 
mation may involve the sheath or theca of the flexor tendons, and may spread rapidly 
upwards along it ; but the extent will depend upon the particular digit involved. From 
the description of the flexor sheaths given above, it will be evident that inflammation of the 
synovial sheaths of the thumb and little finger may prove a far more formidable affection 
than that of the other three digits, because the sheaths of these two digits communicate 
with the large synovial sheath which surrounds the flexor tendons (p. 610). and the 
inflammation, may extend into the palm of the hand and behind the flexor retinaculum 
into the forearm. 

Chronic inflammation of the common flexor sheath is occasionally met with, constit- 
uting a disease known as compound palmar ganglion ; it presents an hour-glass outline, 
with a swelling in front of the wrist and another in the palm of the hand, and a constrict- 
ion, corresponding to the flexor retinaculum, between the two. The fluid can be forced 
from the one swelling to the other under the retinaculum, and when this is done a creaking 
sensation is sometimes perceived, from the presence of ‘ melon-seed ’ bodies in the interior 
of the ganglion. 


1. The Lateral Muscles oe the Palm (figs. 633, 634, 636) 

Abductor poUicis brevis. Flexor poUicis brevis. 

Opponens poUicis. Adductor poUicis. 

The Abductor poUicis brevis (fig. 635) is a thia, subcutaneous muscle which 
occupies the radial part of the thenar eminence ; its chief origin is from the 
flexor retinaculum (transverse carpal ligament), but a few fibres spring from 
the tubercle of the scaphoid bone and the crest of the trapezium and fre- 
• quently some arise from the tendon of the Abductor poUicis longus (p. 607). It 
is inserted by a thin, flat tendon into the radial side of the base of the proximal 
phalanx of the thumb ; it also sends a shp to the tendon of the Extensor poUicis 
longus. 

Nerve-supply. — The Abductor poUicis brevis is suppUed by the lateral ter- 
minal branch of the median nerve. 

Actions. — The Abductor poUicis brevis draws the thumb forwards in a plane 
at right angles to the palm of the hand. The movement occurs almost entirely 
at the carpometacarpal joint, but a minor degree of movement may occur at 
the metacarpophalangeal joint also. 

The Opponens polhcis (figs. 633, 634) is placed under cover of the Abductor 
poUicis brevis. It arises from the crest on the trapezium and from the fiexor 
retinaculum, and is inserted into the whole length of the lateral border, and the 
lateral one-half of the palmar surface, of the metacarpal bone of the thumb. 

Nerve-supply. — The Opponens polhcis is supplied by the lateral terminal 
branch of the median nerve. 

Actions. — The Opponens poUicis flexes the metacarpal bone of the thumb, 
i.e. bends it mediaUy across the palm of the hand, and rotates it mediaUy, 
By this combination, which is termed opposition, the palmar surface of the tip 
of the thumb can be brought into contact with the palmar surface of the tip 
of any of the fingers. ’ 

The Flexor poUicis brevis * (fig. 635) lies on the ulnar side of the Abductor 
poUicis brevis. It arises from the lower border of the flexor retinaculum and 

* In the B.N.A. the Flexor poUicis brevis has a deep head, which is now described as the 
first palmar interosseous muscle (p. 620). 
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the lower part of the crest on the trapezium ; it passes along the radial side 
of the tendon of the Flexor poUicis longus, and is inserted into the radial side 
of the base of the proximal phalanx of the thumb ; in its tendon of insertion 
there is a sesamoid bone. It is frequently more or less blended with the medial 
border of the opponens pollicis. 

Nerve-supply. — The Flexor pollicis brevis is supplied by the lateral terminal 
branch of the median nerve. 

Actions, — The Flexor pollicis brevis flexes the proximal phalanx of the 
thumb. 


Fig. 633. — A dissection of the left hand to show the jSrst palmar interosseous muscle 
(deep head of the Flexor pollicis brevis). 


Adductor pollicis 
{transverse head) 


\ Adductor pollicis 

{Oblique head) 

— 2nd palmar inter- 
osseous m. 

— 2nd dorsal inter- 
osseous m, 

3rd dorsal inter- 
osseous m. 


Tendon of insertion 
of Flexor carpi 
radialis 


N.B.—The abductor and the flexor pollicis brevis have been displaced to the lateral side. 

polhcis (fig. 634) arises by two heads, an oblique and a trans- 
verse. ihe obhque head arises from the capitate and trapezoid (lesser mult- 
angular) bones, the bases of the second and third metacarpal bones, the palmar 
^ sheath of the tendon of the Flexor carpi radialis. 

Most oi its fibres converge to a tendon, which, uniting with the tendons of the 
tot palmar mterosseous muscle (deep portion of the Flexor poUicis brevis) and 
e transverse head of the Adductor, is inserted into the ulnar side of the base 
01 toe proximal phalanx of the thumb, a sesamoid bone being present in the 
tondon. A considerable fasciculus, however, passes deep to the tendon of the 
blexor poUicis and joins the Flexor pollicis brevis and the Abductor 

poUicis brevis. The transverse h^ (fig. 634) is the most deeply seated of this 
^oup of muscles. It is of a triangular form, and arises from the distal two- 
thirds of the palmar surface of the toird metaca rpal bone ; the fibres converge 
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to be inserted, with the obhque head of the muscle and with the first palmar 
interosseous muscle, into the ulnar side of the base of the proximal phalanx of 
the thumb. 

Nerve-supply. — ^The Adductor pollicis is supplied by the deep branch of the 
ulnar nerve. 

Action. — The Adductor pollicis approximates the thumb to the palm of the 
hand. 

2. The Medial Muscles of the Palm (figs.. 634, 635) 

Palmaris brevis. Flexor digiti miriimi. 

Abductor digiti minimi. Opponens digiti minimi. 

The Palmaris brevis (fig. 632) is a thin, quadrilateral muscle, placed beneath 
the sVin of the ulnar aide of the hand. It arises from the flexor retinaculum 
and from the medial border of the central part of the palmar aponeurosis ; it 
is inserted into the s hin on the ulnar border of the hand. It covers the ulnar 
artery and the superficial terminal branch of the ulnar nerve. 


Fig. 634. — The right Opponens pollicis, Adductor pollicis and Opponens digiti minimi. 



Nerve-supply.— The Palmaris breyis is supplied by the superficial braach of 

the ulnar nerve. _ -j r xv. 

Action.— The Palmaris brevis wrinkles the skm on the ulnar side ol the 
palm of the hand and deepens the hoUow of the palm by accentuating the 
prominence of the hypothenai eminence. In this way it contributes to the 

security of the palmar grip.* , 

The Abductor digiti minimi (fig. 635) is situated on the ulnar border of the 
palm of the hand. It arises from the pisiform bone, fi:om the tendon of tte 
Plexor carpi ulnaris and fi:om the pisohamate ligament. It ends m a fiat 
tendon which divides into two slips ; one is inserted mto the ulnar side of the 
base of the proximal phalanx of the littte finger, the other into the nlnax border 
of the aponeurosis of the Extensor digiti minimi. . 11.1 ^ 4 . 1 , 

Action.— The Abductor digiti minimi abducts the proximal phalanx oi the 

little finger. . t i.-u 

The Plexor digiti niinimi (Flexor digiti quinti brevis) (fig. 635) hes on the 
radial side of the preceding muscle. It arises &om the convex suxfaw ot the 
hook of the hamate bone and the palmar surface of the flexor retmaculum, and 
is inserted into the ulnar side of the base of the proximal phalanx of the httie 
* T. S. Kirk, Journal of Anatomy, vol. 58. 
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finger with the Abductor digiti minimi. Its origin is separated from that of 
the Abductor by the deep branches of the ulnar artery and nerve. This muscle 
may be wanting, or may be used with the Abductor, 

Fig. 635. — Superficial dissection of muscles of the palm of the hand. 

(From Quain’s Anatomy ^ XI. Edition.) 

Flex, carpi rod. PoU. longus 

Brachio-radialis I / / Flexor digit, sublimis 

Promtor quadratus^,^ ^ 


Abdiictor pollicie hngus'*^--,,,^ 


•Palrmris longuB 


Opponens poUicis'- 




•pisiform bone 


■'Flexor 

retinaculum 


Abd. poll. hr. • 




— Opponens dig. min, 
•'Abd. dig. min. 

t"* dig. min. 


lumbrical 

Iriterossei / S J 

Cruciate fibres i j 


tm. 

'%nd 


^ A 

Cruciate fibres / | 


* An accessory slip frequently present connecting the long and short abductors of the thumb. 

Actions.— The Flexor digiti minimi flexes the proximal phalanx of the little 
finger. 

The Opponens digiti minimi (fig, 634) is of a triangular form, and placed 
under cover of the Flexor and Abductor. It arises from the convexity of the 


Lumbricals 
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hook of the hamate bone, and contiguous portion of the flexor retinaculum ; it 
is inserted into the whole length of the ulnar margin of the fifth metacarpal bone. 

Action. The Opponens digiti Tninimi , draws the fifth metacarpal bone for- 
wards and laterally, so as to deepen the hollow of the palm. 

Nerve-supply.— All the muscles of the little finger are supplied by the deep 
branch of the ulnar nerve. 


3. The Intermediate Muscles 
Lumbricales. Interossei. 

The Lumbricales (fig. 635) are four smaR fleshy fasciculi which take origin 
from the tendons of the Flexor digitorum profundus. The first and second 
arise from the radial sides and palmar surfaces of the tendons of the index and 
middlg fingers respectively ; the third, from the contiguous sides of the tendons 
of the middle and ring fingers ; and the fourth, from the contiguous sides of 


Fig. 636. Th© Dorsal interosseous muscles Pig. 637. — The Palmar interosseous muscles 
of the left hand. Viewed from in front. of the left hand. Viewed from in front. 



the tendons of the ring and little fingers. Each passes to the radial side of the 
corresponding finger, and is inserted partly into the base of the proxiopial 
phalanx, but mainly into the lateral margin of the tendinous expansion of the 
Extensor digitorum covering the dorsal surface of the finger. 

Nerve-supply. — The first and second Lumbricals are supplied by the median 
nerve ; the third and fourth Lumbricals by the deep terminal branch of the 
ulnar nerve. The third Lumbrical frequently receives a twig from the median 
nerve. 

Actions. — The Lumbricals flex the proximal and extend the middle and 
distal phalanges, a combination of movements which is called for in the upstroke 
in writing, etc. 

The fiiterossei occupy the intervals between the metacarpal bones, and are 
divided into a dorsal and a palmar set. 

The Interossei dorsales (fig.' 636), four in number, are bipennate muscles, 
each arising by two heads from the adjacent sides of the metacarpal bones, 
but more extensively from the metacarpal bone of the finger into which the 
muscle is inserted. They are inserted into 'the bases of the proximal phalanges 
and into the aponeuroses of the tendons of the Extensor digitorum. Between 
the double origin of each of these muscles there is a narrow triangular interval ; 
through the fest of these intervals the radial artery passes ; through each of 
the others a perforating branch from the deep palmar arch is transmitted. 
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The firsts and largest, is sometimes named the Abductor indicia ; it is inserted 
into the radial side of the index finger. The second and third are inserted into 
the middle finger, the former into its radial, the latter into its ulnar side. The 
fourth is inserted into the ulnar side of the ring finger. 

The Interossei palmares (fig. 637), four in number, are smaller than the dorsal 
interossei, and are placed upon the palmar surfaces of the metacarpal bones, 
rather than between, them. With the exception of the first, each arises from 
the entire length of the metacarpal bone of one finger, and is inserted into 
the side of the base of the proximal phalanx of the same finger, and into the 
aponeurosis of the Extensor digitorum tendon. 

The first (formerly known as the " deep head of the Flexor poUicis brevis ’) 
arises from the ulnar side of the palmar surface of the base of the first metacarpal 
bone (fig. 633), and is inserted into the ulnar side of the base of the proximal 
phalanx of the thumb, in common with the principal part of the oblique head 
of the Adductor poUicis. It lies in front of the lateral head of the first Dorsal 
interosseous muscle, and is covered by the oblique head of the Adductor poUicis. 
The second arises from the ulnar side of the second metacarpal bone, and is 
inserted into the same side of the proximal phalanx of the index finger. The 
third arises from the radial side of the fourth metacarpal bone, and is inserted 
into the same side of the ring finger. The fourth arises from the radial side of the 
fifth metacarpal bone, and is inserted into the same side of the little finger. 
From this account it may be seen that each finger is provided with a pair of 
Interosseous muscles, with the exception of the little finger, in which the 
Abductor digiti minimi takes the place of one of the pair. 

Nerve-supply. — Both dorsal and palmar interossei are supplied by the deep 
branch of the lUnar nerve. 

Actions. — The dorsal interossei abduct the fingers (p.478) from an imaginary 
line drawn longitudinaUy through the centre of the middle finger ; and the 
palmar interossei adduct the fingers to that line. The Interossei, in conjunction 
with the Lumbricals, flex the proximal phalanges, and, in consequence of their 
insertions into the expansions of the Extensor tendons, extend the middle and 
distal phalanges. The first Palmar interosseous flexes the proximal phalanx 
of the thumb. 

Segmei^tal Innervation oe” the Muscles of the Hand 

Clinical observations indicate that aU. the smaU muscles of the hand receive 
their motor innervation from T. 1. 


THE FASCIiE AJSfD MUSCLES OF THE LOWER LIMB 

The muscles of the lower limb are subdivided into groups corresponding 
with the different regions of the limb. 

I. Muscles of the iliac region. III. Muscles of the leg. 

II. Muscles of the thigh. IV. Muscles of the foot. 


I. The Muscles of the Iliac Region (fig. 638) 

Psoas major. Psoas minor. Iliacus. 

The fascia iliaca covers the Psoas and Ihacus. It is thin above, but becomes 
^aduaUy thicker as it approaches the inguinal ligament. 

The portion covering the Psoas is thickened above to form the medial arcuate 
ligament (medial lumbocostal arch), which stretches from the transverse process 
of the first to the body of the first or second lumbar vertebra. Medially, the 
fascia covering the Psoas is attached by a series of arched processes to the inter- 
vertebral discs, and prominent margins of the bodies of the vertebrae, and to the 
part of the sacrum. Laterally, above the crest of the ilium, it blends 
with the fascia covering the front of the Quadratus lumborum (p. 572) : below 
the crest, with the fascia covering the Iliacus. 
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Tke portion covering the Iliacvs is connected, laterally, to the whole length 
of the inner lip of the iliac crest ; and medially, to the brim of the true pelvis, 
where it blends with the periosteum. It is attached to the iliopubic (iho- 
pectineal) eminence and there receives a slip from the tendon of insertion of the 
Psoas minor, when that muscle exists. The external iliac vessels lie in front of 
the fascia but the branches of the lumbar plexus of nerves are behind it ; it is 
separated from the peritoneum by the extraperitoneal tissue. 

Lateral to the femoral vessels, the iliac fascia is intimately connected to the 
posterior margin of the inguinal ligament, and is there continuous with the trans- 
versalis fascia. It passes behind the femoral vessels, and beyond the inguinal 
ligament becomes the iliopectineal fascia. This fascia divides the space between 
the inguinal ligament and the hip-bone into a medial and a lateral part ; the 
medial part transmits the femoral vessels, the lateral the Psoas major, the 
Iliacus and the femoral nerve. Medial to the vessels, the iliopectineal fascia 
is attached to the pectineal line of the pubis and is continuous with the pectineal 
fascia. In the thigh the iliopectineal fascia covers the Iliacus and the Psoas 
major, and forms the posterior wall of the femoral sheath. 

The Psoas major (fig. 638) is a long fusiform muscle placed on the side of 
the lumbar region of the vertebral column and the brim of the true pelvis. 
It arises (1) from the anterior surfaces and lower borders of the transverse 
processes of all the lumbar vertebrae ; (2) by five slips or digitations, each of 
which takes origin from the bodies of two vertebrae and their intervertebral 
disc ; the highest slip arises from the lower margin of the body of the twelfth 
thoracic vertebra, the upper margin of the body of the first lumbar vertebra 
and the interposed disc, the lowest slip from the adjacent margins of the bodies 
of the fourth and fifth lumbar vertebrae and the interposed disc ; (3) from a 
series of tendinous arches extending across the constricted parts of the bodies 
of the lumbar vertebrae between the preceding slips ; the lumbar arteries and 
veins, and filaments from the sympathetic trunk, pass deep to these arches. 
The .muscle proceeds downwards across the brim of the true pelvis, passes 
behind the inguinal ligament and in front of the capsule of the hip- joint, and 
ends in a tendon. The latter receives nearly the whole of the fibres of the Iliacus 
and is inserted into the lesser trochanter of the femur. A large bursa, which 
occasionally communicates with the cavity of the hip- joint, separates the tendon 
from the pubis and the capsule of the joint. 

Relations. — ^The uppermost part of the Psoas major lies behind the diaplmagm and 
occupies the lowest part of the posterior mediastinum. It may be in contact with the 
posterior, lower limit of the pleural sac. In the abdomen the Psoas major is in relation 
by its anterolateral surface with the medial arcuate ligament (medial lumbocostal arch), 
the fascia covering the muscJe, the extraperitoneal tissue and peritoneum, the kidney, 
Psoas minor, renal vessels, ureter, testicular (or ovarian) vessels, and genitofemoral nerve. 
In front the right Psoas is overlapped by the inferior vena cava and crossed by the terminal 
portion of the ileum, and the left is crossed by the colon. Its •posterior surface is in relation 
with the transverse processes of the lumbar vertebrae, and the medial edge of the Quadratus 
lumborum. The lumbar plexus is situated in the posterior part of the substance of the 
muscle. Medially^ the muscle is in relation with the bodies of the lumbar vertebrae and 
the lumbar vessels. Along its anterior (or medial) margin the muscle is in relation 
with the sympathetic trunk, and the aortic lymph-glands and, along the brim of the 
pelvis, with the external iliac artery. This margin is covered by the inferior vena 
cava on the right side, and on the left side Mes posterior and lateral to the abdominal 
aorta. 

In the thigh it is in relation, in front, with the fascia lata and the femoral artery ; 
behind, with the capsule of the hip-joint, from which it is separated by a bursa ; by 
its medial border, with the Pectineus and medial circumflex femoral artery, and also with 
the femoral vein, which may overlap it slightly ; by its lateral border, with the femoral 
nerve and the Iliacus. 

The femoral nerve descends at first through the fibres of Psoas major, and then lies 
between it and the Iliacus. 

Nerve-supply. — ^The Psoas major is supplied by branches from the second 
and third lumbar nerves. 

Actions. — ^The Psoas major acts conjointly with the Iliacus (p. 622). 

The Psoas minor (fig. 638) is placed in front of the Psoas major within the 
abdomen. It arises from the sides of the bodies of the twelfth thoracic and first 
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lumbar vertebrae and from the disc between them. It ends in a long, flat tendon 
which is inserted into the pectineal line and ihopubic eminence, and, by its 

lateral border, into the ihac 



fascia. This muscle is absent 
in about 40 per cent, of sub- 
jects. 

Nerve-supply.— The Psoas 
minor is supphed by a branch 
from the first lumbar nerve. 

Action. — The Psoas minor 
is a tensor of the iliac fascia 
and a weak flexor of the 
trunk. 

The Iliacus (fig. 638) is a 
flat, triangular muscle which 
fills the iliac fossa. It arises 
from the upper two-thirds of' 
the iliac fossa, from the inner 
lip of the iliac crest, from the 
anterior sacro-iliac and iho- 
lumbar ligaments, and from 
the upper surface of the lateral 
mass of the sacrum (fig. 276) ; 
in front, it reaches as far as the 
anterior superior and anterior 
inferior ihac spines, and re- 
ceives a few fibres from the 
upper part of the capsular liga- 
ment of the hip- joint. Most of 
its fibres converge to be in- 
serted into the lateral side of 
the tendon of the Psoas major, 
but some of them are attached 
to the shaft of the femur for 
2*5 cm. below and in front of 
the lesser trochanter. 

Eelations. — ^Within the abdo- 
men, the Iliacus is in relation, by 
its anterior surface^ with the iliac 
fascia, which separates the muscle 
from the extraperitoneal tissue and 
peritoneum, and with the lateral 
femoral cutaneous nerve ; on the 
right side, with the csecum ; on the 
left side, with the iliac part of the 
descending colon ; by its posterior 
surface, with the iliac fossa ; by 
its medial border, with the Psoas 
major and femoral nerve. 

In the thigh, it is in relation, 
by its anterior surface, with the 
fascia lata. Rectus femoris, Sar- 
torius and arteria profunda femoris; 
by its posterior surface, with the 
capsule of the hip- joint, a bursa 
common to it and the Psoas major 
being interposed. 

Nerve-supply, — The Iliacus 
is supplied by branches of the 


femoral nerve (L. 2 and 3). 

Actions.— The Psoas major, acting froip above, flexes the thigh upon the 
pelvis, being assisted by the Iliacus : this movement imposes a slight degree of 
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medial rotation on the femxir ; acting from below, with the femur fixed, 
the Psoas major bends the lumbar portion of the vertebral column for- 
wards and to its own side, and then, in conjunction with the Ihacus, tilts 
the pelvis forwards. When the Psoas major and Iliacus of both sides act 
from below, they serve to maintain the erect posture by supporting the 
vertebral column and pelvis upon the femora, or in continued action bend 
the trunk and pelvis forwards, as in raisuag the trunk from the recumbent 
posture. 

Applied Anatomy , — ^When an abscess forms beneath the fascia covering the Psoas 
and Iliacus, as often happens, the pus is contained in an osseofibrous cavity which is 
closed on all sides within the abdomen, and is open only at its lower part, where the fascia 
IS prolonged over the muscles into the thigh. When the disease is in the thoracic verte- 
brae, the pus tracks down the posterior mediastinum in front of the bodies of the vertebrae,, 
and, passing behind the medial arcuate ligainent, enters the sheath of the Psoas, down 
which it travels as far as the pelvic brim ; it then passes deep to the iliac portion of the 
fascia, and fills up the iliac fossa. In consequence of the attachment of the fascia to the 
arcuate line (linea terminaHs), it rarely finds its way into the true pelvis, but passes by a 
narrow opening behind the inguinal ligament into the thigh, lateral to the femoral vessels. 
When the lumbar vertebrae are the seat of the disease, the pus finds its way directly into 
the substance of the Psoas. The muscular fibres are destroyed, and the nerves contained 
in the abscess are isolated and exposed in its interior ; the iliac vessels, which lie in front 
of the fascia, remain intact, and the peritoneum seldom becomes implicated. All psoas 
abscesses do not, however, pursue this course ; the pus may leave the sheath of the muscle 
above the crest of the ilium, and tracking backwards may point in the loin [lumbar abscess) ; 
or it may point above the inguinal ligament in the inguinal region ; or it may follow the 
course of the branches of the internal iliac vessels into the true pelvis, and, passing through 
the greater sciatic foramen into the gluteal region, may discharge itself on the back of 
the thigh. 


II. The Muscles oe the Thich 
1. The Antertob Femoral Muscles (fig. 638) 

Rectus femoris. 

Tensor fasciae latae. Quadriceps Vastus lateralis. 

Sartorius. femoris Vastus medialis. 

Vastus intermedius. 

Articularis genus. 

The superficial fascia forms a continuous layer over the whole of the thigh ; 
it consists of areolar tissue containing much fat in its meshes, and may be 
separated into two or more layers, between which the superficial vessels and 
nerves are found. It varies in thickness in different parts of the limb ; in 
the groin it is thick, and the two layers are separated from each other by the 
superficial inguinal lymph-glands, the long saphenous vein and several smaller 
vessels. The superficial layer is continuous above with the superficial fascia 
of the abdomen. The deep layer of the superficial fascia is a very thin, fibrous 
stratum, best marked on the medial side of the long saphenous vein and below 
the ligament. It is placed behind the subcutaneous vessels and nerves 

and upon the surface of the fascia lata. It is intimately adherent to the fascia 
lata a little below the inguinal ligament. It covers the saphenous opening 
(fossa ovalis), being closely united to its circumference, and is connected to the 
sheath of the femoral vessels. The portion covering the opening is perforated 
by the long saphenous vein, small blood-vessels and lymph-vessels, hence it 
has been termed the cribriform fascia, the openings for these vessels having been 
likened to the holes in a sieve. A large subcutaneous bursa is found in the 
superficial fascia over the pateUa. 

The deep fascia of the thigh is named, from its great extent, the fascia lata 
(fig. 639) ; it invests the whole of this region of the limb, but varies in thickness 
in different parts. Thus, it is thicker in the upper and lateral parts of the thigh, 
where it receives a fibrous expansion from the Gluteus maximus and where 
the Tensor fascia lata 3 is inserted between its layers ; it is very thin behind 
and at the upper and medial parts, where it covers the Adductor muscles, but 
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becomes stronger around the knee, where it receives fibrous expansions from 
the tendon of the Biceps femoris laterally, from the Sartorius medially, and 
from the Quadriceps femoris in front. The fascia lata is attached, above and 
behind, to the hack of the sacrum and coccyx ; laterally, to the iliac crest ; 
in front, to the inguinal ligament and to the superior ramus of the pubis ; 
and medially, to the inferior ramus of the pubis, to the ramus and tuberosity 
of the ischium, and to the lower border of the sacrotuberous ligament. Prom, 
its attachment to the iliac crest it descends as a dense fascia over the Gluteus 
medius to the upper border of the Gluteus maximus, where it splits into two 
layers, one passing superficial and the other deep to this muscle ; at the lower 
border of the muscle the two layers reunite. Over the lateral surface of the 
thigh the fascia lata is specially thickened and forms a strong band which 
is termed the iliotibial tract. At its upper limit, where it splits into two layers, 
the tract receives the insertion of the Tensor fasciae latae and, posteriorly, it 
receives the insertion of the greater part of the tendon of the Gluteus maximus. 
Of the two layers the more superficial ascends on the lateral surface of the 
Tensor fasciae latae to reach the iliac crest ; the deeper layer passes upwards 
and medially, under cover of the muscle, and blends with the lateral part of 
the capsule of the hip-joint. At its lower limit the iliotibial tract is attached 
to the lateral condyle of the tibia, but in this situation it is intimately blended 
with an aponeurotic expansion from the Vastus lateraHs. Below, the fascia 
lata is attached to aU the prominent points around the knee-joint, viz. the 
condyles of the femur and tibia, and the head of the fibula. On each side of 
the patella it is strengthened by transverse fibres from the lower parts of the 
Vasti, which are attached to and support this bone ; of these fibres the lateral 
are the stronger and are continuous with the iliotibial tract. The fascia lata 
gives ofi two intermuscular septa, which are attached to the whole length of 
the hnea aspera of the femur and its prolongations above and below : the 
lateral and stronger septum, which extends from the insertion of the Gluteus 
maximus to the lateral condyle, separates the Vastus lateralis m front from 
the short head of the Biceps femoris behind, and gives partial origin to these 
muscles ; the medial and thinner septum separates the Vastus mediahs from 
the Adductors and the Pectineus. Besides these there are numerous smaller 
septa, separating the individual muscles and enclosing each in a distinct 
sheath. 

The saphenous opening (fossa ovaHs) (fig. 639). — ^At the upper and medial 
part of the thigh, a little below the medial end of the inguinal ligament, the 
fascia lata presents a large oval aperture ; it transmits the long saphenous 
vein and other smaller vessels, and is termed the saphenous opening. The 
cribriform fascia, which is pierced by the structures passing through the opening, 
covers the aperture and must be removed to expose it. The fascia lata in this 
part of the thigh is described as consisting of a superficial and a deep 
portion. 

The superficial portion of the fascia lata is the part on the lateral side of 
the saphenous opening. It is attached to the crest and anterior superior spine 
of the ilium, to the whole length of the inguinal ligament, and to the pectineal 
line of the pubis (pecten pubis) in conjunction with the pectineal part of the 
inguinal ligament (lacimar ligament). From the pubic tubercle it is reflected 
downwards and laterally, as the arched falciform margin^ which forms the 
anterior, lateral and lower boundaries of the saphenous opening (fig. 639) ; this 
margin overlies and is adherent to the anterior layer of the sheath of the femoral 
vessels, and the cribriform fascia is attached to it. The upward and medial 
prolongation of the falciform margin is named the superior cornu ; its down- 
ward and medial prolongation, the inferior cornu. The latter is well defibaed, 
and is continuous behind the long saphenous vein with the deep portion of the 
fascia. 

The deep portion is situated on the medial side of the saphenous opening, 
and is continuous with the superficial portion at the lower margin of the fossa ; 
traced upwards, it covers the Pectineus, Adductor longus and Gracilis, and, 
passing behind the sheath of the femoral vessels, to which it is closely united, 
is continuous with the ihopectineal fascia, and is attached to the pectineal line 
of the pubis. 
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From this description it may he observed that the superficial portion of the 
fascia lata lies in front of the femoral vessels, and the deep portion behind 
them, so that an apparent aperture (the saphenous opening) exists between 
the two. 

The Temor fasciae latae (fig. 638) arises from the anterior 5 cm. of the outer 
lip of the iliac crest ; from the outer surface of the anterior superior iliac spine, 
and part of the outer border of the notch below it, between the Gluteus medius 
and Sartorius ; and from the deep surface of the fascia lata. It is inserted 
between the two layers of the iliotibial tract of the fascia lata about the junction 
of the middle with the upper one-third of the thigh. 


Fig. 639. — ^The right saphenous opening (fossa ovalis). 



Nerve-supply. — ^The Tensor fasciae latse is supplied by the superior gluteal 
nerve (L. 4 and 5 and S. 1). 

Actions. — ^The Tensor fasciae latae tightens the fascia lata and so assists in 
extension of the knee ; it assists also in abduction and in medial rotation of 
the thigh. In the erect posture, acting from below, it serves to steady the 
pelvis on the head of the femur ; through the iliotibial tract it steadies the 
condyles of the femur on the tibia and helps to maintain the erect attitude by 
keeping the knee extended. 

The Sartorius (figs. 638, 640, 642), which is the longest muscle in the body, is 
narrow and ribbon-hke ; it arises by tendinous fibres from the anterior superior 
iliac spine and the upper one-half of the notch below it. It crosses the upper and 
anterior parts of the thigh obliquely, from the lateral to the medial side, then 
descends vertically as far as the medial side of the knee, where a thin, flattened 
tendon replaces the fleshy belly. This tendon curves obliquely forwards and 
expands into a broad aponeurosis which is inserted, in front of the Gracilis 
and Semitendinosus, into the upper part of the medial surface of the shaft of 
the tibia (fig. 468). The upper part of the aponeurosis is curved backwards over 
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the upper edge of the tendon of the Gracilis so as to he inserted behind it. An 
offset, from its upper margin, blends with the capsule of the knee-joint, 
and another, from its lower border, with the fascia on the medial side of 
the leg. 

The relations of this muscle to the femoral artery are important, as it constitutes the 
chief guide in tying the vessel. In the upper one-third of the thigh it forms the lateral 
side of the femoral triangle^ the medial side of which is formed by the medial border of the 
Adductor longus, and the base by the inguinal ligament ; the femoral artery passes through 
the middle of this triangle from its base to its apex. In the middle one-third of the thigh, 
the femoral artery is contained in the subsartorial canal {adductor canal), on the roof of 
which the Sartorius lies (fig. 642). 

Nerve-supply. — The Sartorius is supplied by the femoral nerve (L. 2 and 3). 

Actions. — The Sartorius flexes the leg on the thigh, and the thigh on the 
pelvis ; it also abducts the thigh and rotates it laterally. Acting from below 
it flexes the pelvis on the thigh and rotates it towards the opposite side. 

The Quadriceps femoris (flgs. 638, 640, 642) is the great extensor muscle of 
the leg, and consists of a large fleshy mass which covers the front and sides of 
the femur. It is subdivided into separate portions, which have received dis- 
tinctive names. One occupies the middle of the thigh, and arises from the ihum ; 
from its straight course it is called the Rectus femoris. The other three take 
origin from the body of the femur, which they cover from the trochanters to the 
condyles ; that on the lateral side of the femur is termed the Vastus lateralis ; 
that on the medial side, the Vastus medialis ; and that in front, the Vastm 
intermedins . 

The Eectus femoris (flgs. 638, 640, 642) is fusiform in shape, and its super- 
ficial fibres are arranged in a bipennate manner, the deep fibres running straight 
down to the deep aponeurosis. It arises by two tendinous heads : a straight 
head from the anterior inferior Uiao spine, and a reflected head, from a groove 
above the brim of the acetabulum. The two unite at an acute angle, and spread 
into an aponeurosis which is prolonged downwards on the anterior surface of 
the muscle, and from this the muscular fibres arise. The muscle ends in a broad 
and thick aponeurosis which occupies the lower two-thirds of its posterior sur- 
face, and, gradually becoming narrowed into a flattened tendon, is inserted into 
the base of the patella. 

The Vastus lateralis (figs. 638, 640, 642) is the largest part of the Quadriceps 
femoris. It arises by a broad aponeurosis, which is attached to the upper part 
of the trochanteric line, to the anterior and inferior borders of the greater 
trochanter, to the latersil hp of the gluteal tuberosity, and to the upper one-half 
of the lateral Up of the linea aspera : this aponeurosis covers the upper three- 
fourths of the muscle, and from its deep surface many fibres take origin. A few 
a-dditional fibres arise from the tendon of the Gluteus maximus, and from the 
lateral intermuscular septum between the Vastus lateralis and short head of 
the Biceps femoris. The fibres form a large fleshy mass which is attached to 
a strong aponeurosis placed on the deep surface of the lower part of the muscle : 
this aponeurosis contracts into a flat tendon which is inserted into the lateral 
border of the patella, blending with the Quadriceps femoris tendon. It gives 
to the capsule of the knee-joint an expansion which extends downwards to 
be attached to the lateral condyle of the tibia and blends with the iliotibial 
tract. 

The Vastus mediahs and Vastus intermedins appear to be inseparably 
united, but when the Rectus femoris has been reflected a narrow interval 
will be observed extending upwards from the medial border of the patella 
between the two muscles, and the separation may be carried to the lower 
part of the trochanteric line, where, however, the two muscles are frequently 
continuous. 

The Vastus medialis (figs. 638, 640, 642) arises from the lower part of the 
trochanteric line, the spiral line, the medial lip ^of the linea aspera, the upper 
part of the medial supracondylar line, the tendons of the Adductor longus and 
Adductor inagnus, and the medial intermuscular septum. Its£bres are directed 
downwards and forwards, and are chiefly attached to an aponeurosis which lies 
on the deep surface of the muscle and is inserted into the medial border of the 
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patella and the Quadriceps femoris tendon. An expansion from this tendon 
reinforces the capsule of the knee-joint and is attached below to the medial 
condyle of the tibia. 

The Vastus intermedins (iBgs. 640, 642) arises from the front and lateral 
surfaces of the upper two-thirds of the shaft of the femur, and from the lower 
part of the lateral intermuscular septum. Its fibres end in a superficial apo- 
neurosis which forms the deep part of the Quadriceps femoris tendon and, in 
addition, gains attachment to the lateral border of the patella and the lateral 
condyle of the tibia. 


Fig. 640. — transverse section through the thigh at the level of the apex of the 
femoral triangle. Four-fifths of natural size. 
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The tendons of the different portions of the Quadriceps unite at the lower 
part of the thigh to form a single strong tendon which is inserted into the base 
of the patella, some fibres passing over it to blend with the ligamentum patellse. 
The patella may be regarded as a sesamoid bone developed in the tendon of 
the Quadriceps ; and the ligamentum patellse, which is continued from the apex 
of the patella to the tubercle of the tibia, may be regarded as the proper tendon 
of insertion of the muscle, the medial and lateral pateUar retinacula (p. 493) 
being expansions from its borders. The suprapatellar bursa, which usually 
communicates with the cavity of the knee-joint, is situated between the femur 
and the portion of the Quadmceps tendon above the patella ; the deep infra- 
patellar bursa is interposed between the ligamentum patellae and the upper part 
of the front of the tibia (fig. 560). 

The Articularis genus is a small muscle, usually distinct from the Vastus 
intermediuS’, but occasionally blended with it ; it consists of several muscular 
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bundles which arise from the anterior surface of the lower part of the shaft of 
the femur and are inserted into the upper part of the synovial membrane of the 
knee-joint. 

Nerve-supply, — ^The Quadriceps femoris and the Articularis genus are sup- 
plied by the femoral nerve (L. 2 , 3 and 4). 

Actions. — The Quadriceps femoris extends the leg upon the thigh. The 
Rectus femoris assists the Psoas major and Iliacus in supporting the pelvis and 
trunk upon the femur ; it also assists in flexing the thigh on the pelvis, or, if 
the thigh be fixed, it helps to flex the pelvis. The Vastus medialis draws the 
patella medially as well as upwards. The Articularis genus pulls the synovial 
membrane of the knee-joint upwards during extension of the leg. 


2. The Medial Pemoral Muscles 

Gracilis. Adductor longus. Adductor magnus. 

Pectineus. Adductor brevis. 

The Gracilis (figs. 638, 640, 642) is the most superficial muscle on the medial 
side of the thigh. It is thin and flattened, broad above, narrow and tapering 
below. It arises by a thin aponeurosis from the medial margins of the lower 
one-half of the body of the pubis and the upper one-half of the inferior ramus. 
The fibres run vertically downwards, and end in a rounded tendon which passes 
across the medial condyle of the femur posterior to the tendon of Sartorius. 
It then curves round the medial condyle of the tibia, where it becomes flattened, 
and is inserted into the upper part of the medial surface of the shaft of the 
tibia, below the condyle. A few fibres from the lower part of the tendon are 
prolonged into the deep fascia of the leg. At its insertion the tendon is situated 
immecEately above that of the Semitendinosus, and its upper edge is overlapped 
by the tendon of the Sartorius, with which it is in part blended. It is separated 
from the medial (tibia! collateral) Hgament of the knee-joint by the tibial 
intertendinous bursa (p. 499). 

Nerve-supply, — The Gracilis is supplied by the obturator nerve (L. 2, 3 
and 4). 

Actions. — ^The GraciHs fiexes the leg and rotates it medially ; it may also 
act as an adductor of the thigh, when necessary. 

The Pectineus (fig, 638) is a flat, quadrangular muscle, situated at the 
front of the upper and medial part of *the thigh. It arises from the pectineal 
line of the pubis, and to a shght extent from the surface of bone in front of 
it, between the iliopubic eminence (iliopectineal eminence) and pubic tubercle, 
and from the fascia covering the anterior surface of the muscle ; the fibres pass 
downwards, backwards and laterally, to be inserted into the femur along a line 
leading from the lesser trochanter to the hnea aspera.* 

Eelations. — ^Its anterior surface is in relation with the fascia lata, which separates it 
from the femoral vessels and long saphenous vein ; its 'posterior surface, with the capsule 
of the hip- joint, the Adductor brevis, Obturator externus and the anterior branch of the 
obturator nerve ; its lateral border, with the Pseas major and the medial circumflex femoral 
vessels ; its medial border, with the upper or lateral margin of the Adductor longus. 

Nerve-supply. — The Pectineus is supphed by the femoral nerve (L. 2 and 3) ; 
and by the accessory obturator (L. 3), when this nerve is present. Occasionally 
it receives a branch from the obturator nerve. 

Actions. — ^The Pectineus adducts the thigh and flexes it on the pelvis. 

The Adductor longus (figs. 641, 642), the most superficial of the three 
adductors, is a triangrdar muscle, lying in the same plane as the Pectineus. 
It arises by a flat, narrow tendon which is attached to the front of the pubis in the 
angle between the crest and the symphysis. It soon expands into a broad fleshy 
belly which passes downwards, backwards, and laterally, and is inserted, by an 

* The Pectineus may consist of two incompletely separated strata : the lateral or dorsal 
stratum, which is constant, is supplied by a branch from the femoral nerve, or in the absence 
of this branch by the accessory obturator nerve ; the medial or ventral stratum, when 
present, is a derivative of the adductor group of muscles and is supplied by the obturator 
nerve. — A. M. Paterson, J ournal of A.natomy and Physiology, vol. xxvi. p. 43. 
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aponeurosis, into the middle one-third of the hnea aspera of the femur, between 
the Vastus medialis and the Adductor magnus, with both of which it is usuaUv 
blended. 


Fio. 641. — ^The adductor muscles of the left thigh. 
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A portion of the Adductor longus has been excised, and the two heads of the Rectus fenioris, 
which are not labelled, have been divided above the point where they unite. 


Relations, — ^Its anterior surface is in relation with the spermatic cord, the fascia lata, 
by which it is separated from the long saphenous vein, and, near its insertion, with the 
femoral artery and vein and the Sartorius : its posterior surface^ with the Adductores brevis 
et magnus, the anterior branch of the obturator nerve, and near its insertion with the 
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profun'da femoris vessels ; its Idt&rcLl hoTd&r, with, the Pectineus ; its TtiedioX hovdeTf with the 
Gracilis. 

Nerve-supply. — ^The Adductor longus is supplied by the anterior division of 
the obturator nerve (L. 2 and 3). 

Actions.— The Adductor longus adducts the thigh, flexes it on the pelvis, 
and rotates it laterally. 

Applied Anatomy, — ^The Adductor longus is liable to be severely strained in those who 
ride much on horseback, or it may be ruptured by suddenly gripping the saddle. Occasion- 
ally, especially in cavalry soldiers, the tendon of origin becomes ossified, constituting the 
‘ rider’s bone.’ 

The Adductor brevis (figs. 640, 641) is situated behind the Pectineus and 
Adductor longus. It is somewhat triangular in form, and arises by a narrow 
origin from the outer surface of the inferior ramus of the pubis, between the 
Gracilis and Obturator externiis. Its fibres, passing backwards, laterally, and 
downwards, are inserted by an aponeurosis into -the femur, along the line leading 
from the lesser trochanter to the linea aspera, and into the upper part of the 
linea aspera immediately behind the Pectineus and the upper part of the Adduc- 
tor longus. 

Relations.— Its anterior surface is in relation with the Pectineus, Adductor longus, 
arteria profunda femoris, and anterior branch of the obturator nerve ; its posterior surface, 
with the Adductor magnus, and posterior branch of the obturator nerve ; its wpper lorder, 
with the medial circumflex femoral artery, the Obturator externus, and conjoined tendon 
of the Psoas major and Iliacus ; its l<mer or medial border, with the Gracilis and Adductor 
magnus. It is pierced near its insertion by the second, or first and second, perforating 
arteries. 

Nerve-supply. — The Adductor brevis is supplied by the obturator nerve 
(L. 2, 3 and 4). 

Actions. — ^The Adductor brevis adducts the thigh, flexes it on the pelvis and 
rotates it laterally. 

The Adductor magnus (figs. 640, 641, 642) is a large triangular muscle, 
situated on the medial side of the thigh. It arises from a small part of the 
inferior ramus of the pubis, from the ramus of the ischium, and from the 
lateral portion of the inferior part of the tuberosity of the ischium. Those 
fibres which arise from the ramus of the pubis are short, horizontal in direct- 
ion, and are iuserted mto the medial margin of the gluteal tuberosity of the 
femur, medial to the Gluteus maximus * ; those from the ramus of the ischium 
are directed downwards and laterally with different degrees of obliquity, to be 
inserted, by means of a broad aponeurosis, into the Imea aspera and the upper 
part of the medial supracondylar line. The medial portion of the muscle, com- 
posed principally of the fibres arising from the tuberosity of the ischium, forms 
a thick fleshy mass which descends almost vertically, and ends about the lower 
one-tbdrd of the thigh in a rounded tendon. This tendon is inserted into the 
adductor tubercle on the medial condyle of the femur, and is connected by a 
fibrous expansion to the medial supracondylar line. At the insertion of 
the muscle, there is a series of osseo-aponeurotic openings, formed by ten- 
dinous arches attached to the bone. The upper four openings are small, 
and give passage to the perforatiag branches of the arteria profunda femoris. 
The lowest is of large size, and transmits the femoral vessels to the popliteal 
fossa. 


Relations. — ^Its anterior surface is in relation with the Pectineus, Adductores brevis et 
longus, the femoral and profunda vessels, and the posterior branch of the obturator nerve ; 
a bursa intervenes between the highest part of the muscle and the lesser trochanter of the 
femur ; its posterior surface, with the sciatic nerve, the Gluteus maximus, Biceps femoris, 
Semitendinosus and Semimembranosus. Its superior border lies parallel with the Quad- 
ratus femoris, the transverse branch of the medial circumflex femoral artery passing between 
them ; its medial border is in relation with the Gracilis, Sartorius and fascia lata. 


Nerve-supply, — ^The Adductor magnus is a composite muscle and derives 
its nerve-supply from two sources. The true adductor part of the muscle is 

* These uppermost fibres are sometimes described as a separate muscle — ^the Adductor 
minimus — ^which is situated somewhat in front^ of the other parts of the muscle. ' 
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suppUed by the obteator nerve (L. 3 a,nd 4) ; the part which taiea origin from 
the tuberosity of the ischiuni is a derivative of the hamstring muscles and is 
supplied by the sciatic nerve (L. 4 and 5). 

Actions. ^The Adductor magnus adducts the thigh and rotates it laterally ; 
the pubic fibres flex the thigh on the pelvis, but the ischial fibres have the 
opposite action. The Pectineus and the Adductores adduct the thigh power- 
fully ; they are especially used in horse exercise, the sides of the saddle being 


Fro. 642.— A transverse section through the middle of the thigh. Four-fifths 
of natural size. 
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grasped between the knees by the contraction of these muscles ; they rotate 
the thigh laterally, and when the limb has been abducted, they draw it medially, 
carrying the thigh across that of the opposite side. In progression, they assist 
in drawing forwards the lower limb. If the lower limbs be fixed, these muscles, 
taking their fixed points below, act upon the pelvis, serving to maintain the 
body in the erect posture ; or, if their action be continued, flex the pelvis upon 
the thigh. 


3. The Muscles of the Gluteal Region (figs. 643, 644) 
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The Gluteus maximus (fig. 643) is the largest and most superficial muscle in 
the gluteal region. It is a broad and thick fleshy mass of a quadrilateral shape. 
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and forms the prominence of the buttock. Its large size is one of the most 
characteristic features of the muscular system in man, connected as it is 'with 
the po'wer he has of maintaining the trunk in the erect position. The muscle is 
remarkably coarse in structure, being made up of fasciculi lying parallel 'with 
one another, and collected into large bundles separated by fibrous septa. It 
arises from the posterior gluteal fine of the ilium, and the rough portion of bone, 
including the crest, immediately above and behind it ; from the aponeurosis 
of the Sacrospinalis ; from the posterior surface of the lower part of the sacrum 
and the side of the coccyx ; from the sacrotuberous ligament, and from the 

Fig. 643. — The left G-luteus maximus muscle. 
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fasm (gluteal aponeurosis) covering the Gluteus medius. The fibres run 
obliquely downwards and laterally ; those forming the upper and larger portion 
of the muscle, together with the superficial fibres of the lower portion, end in 
a thick tendinous lamma which passes across the greater trochanter, and is 
mserted into the ihotibial tract of the fascia lata ; the deeper fibres of the lower 
portion of the muscle are inserted into the gluteal tuberosity of the femur 
between the Vastus lateralis and Adductor magnus. 

buTscB are usually found in relation with the deep surface of this 
muscle. One, of large size (trochanteric bursa of Gluteus rmximus)^ and generally 
multuocular, separates it from the greater trochanter ; a second is found between 
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the tendon of the muscle and that of the Vastus lateralis {gluteofemoral bursa ) ; 
a third, often wanting {ischial bursa of Gluteus maximics), is situated on the 
tuberosity of the ischium. 

Relations. — ^Its superficicd surface is in relation with a thin fascia which separates it 
from the subcutaneous tissue ; its deep -^rface, with the ilium, sacrum, coccyx, and sacro- 
tuberous ligament, part of the Gluteus medius, Piriformis, Gemelli, Obturator internus, 
Quadratus femoris, the tuberosity of the ischium, greater trochanter, the origins of the 
Biceps femoris, Semitendinosus, Semimembranosus and the Adductor magnus. The super- 
ficial part of the superior gluteal artery reaches the deep surface of the muscle by passing 
between the Piriformis and the Gluteus medius ; the inferior gluteal and internal pudendal 
vessels and the sciatic, pudendal, and posterior femoral cutaneous nerves and muscular 
branches from the sacral plexus, issue from the pelvis below the Piriformis. The first per- 
forating artery and the terminal branches of the medial circumflex femoral artery are also 
found under cover of the lower part of the muscle. Its upper border is thin, and overlies 
the Gluteus medius. Its lower border is free and prominent, and is crossed by the fold of 
the nates. 

Nerve-supply. — ^The Gluteus maximus is supplied by the mferior gluteal 
nerve (L. 5 and S. 1 and 2). 

Actions. — ^When the Gluteus maximus takes its fixed point fi:om the pelvis, 
it extends the thigh and brings it into line with the trunk. Taking its fixed 
point below, it supports the pelvis and the trunk upon the head of the femur. 
Its most powerful action is to raise the trunk after stooping by drawing the 
pelvis backwards. It is a tensor of the fascia lata, and through the iliotibial 
tract it steadies the femur on the tibia during standing, when the extensor 
muscles are relaxed. 

The Gluteus medius is a broad, thick muscle which is situated on the outer 
surface of the pelvis. Its posterior one-third is covered by the Gluteus maximus ; 
its anterior two-thirds is superficial and is covered only by a strong layer of 
deep fascia (fig. 643). It arises from the outer surface of the iHum between 
the iliac crest and posterior gluteal line above, and the middle gluteal line 
below ; it also arises ficom the strong fascia which covers the upper part of its 
outer surface. The fibres converge to a flattened tendon which is inserted into 
the oblique ridge directed downwards and forwards on the lateral surface of 
the greater trochanter of the femur. A bursa {trochanteric bursa of Gluteus 
medius) separates the tendon from the anterosuperior part of the lateral 
surface of the trochanter, over which it glides. 

The Gluteus minimus (fig. 644), the smallest of the Glutei, is placed im- 
mediately under cover of the preceding. It is fan-shaped, arising from the outer 
surface of the ilium between the middle and inferior gluteal lines, and, behind, 
fi*om the margin of the greater sciatic notch. The fibres converge to the deep 
surface of an aponeurosis, and this ends in a tendon which is inserted into a ridge 
on the lateral part of the anterior surface of the greater trochanter of the femur, 
and gives an expansion to the capsule of the hip- joint. A bursa {trochanteric 
bursa of Gluteus minimus) is interposed between the tendon and the medial 
part of the anterior surface of the greater trochanter. 

Between the Gluteus medius and Gluteus minimus are the deep branches of the superior 
gluteal vessels, and the superior gluteal nerve. The reflected tendon of the Rectus femoris 
and the capsule of the hip-jomt are placed deep to the Gluteus minimus. 

Nerve-supply. — ^Both the Gluteus medius and the Gluteus minimus are 
supplied by the superior gluteal nerve (L. 4 and 5 and S. 1). 

Actions. — Both the preceding muscles, acting from the pelvis, abduct the 
thigh and rotate it medially. Acting from the femur, they produce the slight 
rotation of the pelvis which occurs in walking and running, and keep the 
transverse axis of the pelvis horizontal, or nearly horizontal, while the opposite 
limb is unsupported, e.g. when the foot is off the ground in walking or 
running. 

The Piriformis (fig. 644) lies almost parallel with the posterior margin of the 
Gluteus medius. It is situated partly within the pelvis on its posterior wall, and 
partly at the back of the hip-joint. It arises from the front of the sacrum by 
three fleshy digitations, attached to the portions of bone between the anterior 
sacral foramina, and to the grooves leading from the foramina (fig. 276) : a few 
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fibres also arise from the margin of the greater sciatic foramen, and from the 
upper part of the anterior surface of the sacrotuberous ligament. The muscle 
passes out of the pelvis through the greater sciatic foramen, and is inserted by a 
rounded tendon into the upper border of the greater trochanter of the femur, 
behind and above, but often partly blended with, the common tendon of the 
Obturator intemus and Gemelli. 

Relations. — Within the pelvis the anteridr surface of the Piriformis is in relation with 
the rectum (especially on the left side), the sacral plexus of nerves and branches of the 
internal iliac vessels ; its posterior surface^ with the sacrum. Outside the pelvis^ its anterior 
surface is in contact with the posterior surface of the ischium and capsule of the hip- joint ; 
and its posterior surface^ with the Gluteus maximus. Its upper border is in relation with the 
Gluteus medius, and the superior gluteal vessels and nerve ; its lower border, with the 
Coccygeus and Gemellus superior. The inferior gluteal and internal pudendal vessels, and 


Fig. 645. — ^The left Obturator membrane. External surface. 



the sciatic, posterior femoral cutaneous and pudendal nerves, and muscular branches 
from the sacral plexus., appear in the buttock between the Piriformis and Gemellus 
superior. The muscle is frequently pierced by the lateral popliteal (common peroneal 
nerve). 

Nerve-supply, — The Piriformis is supplied by twigs from the first and second 
sacral nerves. 

Actions. — ^The Piriformis rotates the thigh laterally. 

The obturator membrane (fig. 645) is a than, fibrous sheet which nearly closes 
the obturator foramen. Its fibres are arranged in interlacing bundles mainly 
transverse in direction ; the uppermost bundle is attached to the obturator 
tubercles and completes the obturator canal for the passage of the obturator 
vessels and nerve. The membrane is attached to the sharp margin of the 
obturator foramen except at its lower lateral angle, where it is fixed to the pelvic 
surface of the ramus of the ischium, i.e. within the margin of the foramen. 
Both Obturator muscles take origin from this membrane, and some of the 
fibres of the pubofemoral Hgament of the hip-joint are attached to its inferior 
surface. 

The Obturator intemus (fig. 646) is situated partly within the true pelvis, 



636 


MYOLOGY 


and partly at the back of the hip- joint. It arises from the inner surface of the 
anterolateral wall of the pelvis, where it surrounds the greater part of the 
obturator foramen, being attached to the inferior ramus of the pubis, the ramus 
of the ischium and to the inner surface of the hip-bone below and behind the 
pelvic brim, reaching from the upper part of the greater sciatic foramen above 
and behind, to the obturator foramen below and in front (fig. 440). It also 
arises from the medial part of the pelvic surface of the obturator membrane. 


Fig. 646. — ^The left Obturator internus. Pelvio surface. 



from the tendinous arch which completes the canal for the passage of the 
obturator vessels and nerve, and to a slight extent from the obturator fascia, 
which covers the muscle. The fibres converge rapidly towards the lesser sciatic 
foramen and end in four or five tendinous bands in the deep surface of the 
muscle ; these bands make a right-angled bend over the grooved surface of 
the ischium between its spine and tuberosity. The grooved surface is covered 
by smooth cartilage, which is separated from the tendon by a bursa, and presents 
one or more ridges corresponding with the furrows between the tendinous bands. 
These bands leave the pelvis through the lesser sciatic foramen and unite into 
a single fiattened tendon, which passes horizontally across the capsule of the 
hip- joint, and, after receiving the attachments of the Gemelli, is inserted 
into the fore part of the medial surface of the greater trochanter of the femur. 
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above and in front of the trochanteric fossa. A bursa, narrow and elongated 
in form, is usually found between the tendon and the capsule of the hip- joint ; 
it occasionally communicates with the bursa between the tendon and the 
ischium. 

Relations. — Within the pelvis^ the anterolateral surface of the muscle is in relation with 
the obturator membrane and inner surface of the lateral wall of the pelvis ; its pelvic surface, 
with the obturator fascia, and the origin of the Levator ani, and with the internal pudendal 
vessels and pudendal nerve, which cross it. The pelvic surface forms the lateral boundary 
of the ischiorectal fossa. Outside the pelvis, the muscle is covered by the Gluteus maximus, 
is crossed by the sciatic nerve, and rests on the back of the hip-joint. As the tendon of the 
Obturator intemus emerges from the lesser sciatic foramen it is overlapped both in front 
and behind by the two GemeUi, which form a muscular canal for it ; near its insertion the 
Gemelli pass in front of the tendon and form a groove in which it lies. 

Nerve-supply. — ^The nerve to Obturator internus derives its fibres from 
L. 5 and S. 1 and 2. 

The Gemelli (fig. 644) are two small muscular fasciculi, accessories to the 
tendon of the Obturator intemus. 

The GemeUus superior, the smaller of the two, arises from the outer surface 


Fig. 647. — ^The left Obturator externus. 


of the spine of the ischium, blends with the upper part of the tendon of the 
Obturator internus, and is inserted with it into the medial surface of the greater 
trochanter of the femur. It is sometimes wanting. 

Nerve-supply. — The Gemellus superior is supphed by the nerve to the 
Obturator internus (L. 5 and S. 1 and 2). 

The Gemellus inferior arises from the upper part of the tuberosity of the 
ischium, immediately below the groove for the Obturator internus tendon. It 
blends with the lower part of the tendon of the Obturator intemus, and is 
inserted with it into the medial surface of the greater trochanter. 

Nerve-supply. — The Gemellus inferior is supplied by the nerve to the Quad- 
ratus femoris (L. 4 and 5 and S. 1). 

Actions. — The Obturator internus and the Gemelli rotate the thigh laterally. 

The Quadratus femoris (fig. 644) is a flat, quadrilateral muscle, between the 
Gemellus inferior and the upper margin of the Adductor magnus ; it is separated 
from the latter by the transverse branch of the medial circumflex femoral 
artery. It arises from the upper part of the external border of the tuberosity 
of the ischium, and is inserted into a small tubercle on the upper part of the 
trochanteric crest of the femur, and for a short distance into the bone below. 
As it passes to its insertion the muscle Hes posterior to the articular capsule 
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of the hip-joint and the neck of the femur, but it is separated from them by 
the tendon of the Obturator externus and the ascending branch of the medial 
circumflex femoral artery. A bursa is often found between the front of this 
muscle and the lesser trochanter. 

Nerve-supply. — The nerve to Quadratus femoris derives its flbres from 
L. 4 and 5 and S. 1. 

Action. — ^The Quadratus femoris is a lateral rotator of the thigh. 

The Obturator externus (fig. 647) is a flat, triangular muscle which covers 
the outer surface of the anterior wall of the pelvis. It arises from the margin 
of bone immediately around the medial side of the obturator foramen, viz. from 
the rami of the pubis, and the ramus of the ischium ; it also arises from the 
medial two-thirds of the outer surface of the obturator membrane, and from 
the tendinous arch which completes the canal for the passage of the obturator 
vessels and nerves. The fibres springing from the ramus of the ischium extend 
for a short distance on to the pelvic surface of the bone, where they obtain a 
narrow origin between the margin of the foramen and the attachment of 
the obturator membrane (p. 635). The fibres converge and pass backwards, 
laterally and upwards, and end in a tendon which runs across the back of the 
neck of the femur and lower part of the capsule of the hip- joint and is inserted 
into the trochanteric fossa of the femur. The obturator vessels lie between 
the muscle and the obturator membrane ; the anterior branch of the obturator 
nerve reaches the thigh by passing in front of the muscle, and the posterior 
branch by piercing it. 

Nerve-supply. — ^The Obturator externus is supplied by the posterior branch 
of the obturator nerve (L. 3 and 4). 

Action. — ^The Obturator externus is a lateral rotator of the thigh. 


4. The Postbeiob Femoral Muscles (fig. 644) 

Biceps femoris. Semitendinosus. Semimembranosus. 

The Biceps femoris (figs. 640, 642, 644) is situated on the posterolateral surface 
of the thigh. It has two heads of origin ; one, the long head, arises from the 
lower and medial impression on the upper part of the iscMal tuberosity (fig. 442) 
by a tendon common to it and the Semitendinosus, and from the lower part of 
the sacrotuberous ligament ; the other, the short head, from the lateral lip of 
the linea aspera of the femur, between the Adductor magnus and Vastus 
lateralis, extending up almost as high as the insertion of the Gluteus maximus ; 
from the lateral supracondylar line to within 5 cm. of the lateral condyle ; and 
from the lateral intermuscular septum. The fibres of the long head form a 
fusiform belly which passes downwards and laterally across the sciatic nerve 
to end in an aponeurosis ; this aponeurosis covers the posterior surface of the 
muscle, receives on its deep surface the fibres of the short head, and gradually 
contracts into a tendon which is inserted into the lateral side of the head of the 
fibula, and by a small slip into the lateral condyle of the tibia. This tendon 
forms the lateral hamstring and divides into two portions, which embrace the 
lateral ligament of the knee-joint ; from its posterior border a thin expansion 
is given off to the fascia of the leg. The lateral popliteal (common peroneal) 
nerve descends along the medial border of the tendon and separates it, below, 
from the lateral head of the gastrocnemius. 

Nerve-supply. — ^The Biceps femoris is supplied by the sciatic nerve ; the 
long head through the medial pophteal (tibial) nerve (L. 5 and S. 1), the short 
head through the lateral pophteal (common peroneal) nerve (S. 2 and S. 3). 

Actions. — ^The Biceps femoris, acting from above, flexes the leg on the thigh, 
and when the knee is semiflexed rotates the leg shghtly laterally. Acting from 
below, it serves to support the pelvis on the head of the femur and draws the 
trunk backwards as in raising it from the stooping position. 

The Semitendinosus (figs. 642, 644), remarkable for the great length of its 
tendon of insertion, is situated at the posteromedial surface of the thigh. It 
arises from the lower and medial impression on the upper part of the tuberosity 
of the ischium, by a tendon common to it and the long head of the Biceps femoris ; 
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it also arises from an aponeurosis connecting the adjacent surfaces of the two 
muscles to the extent of about 7 *5 cm. from their origin. The muscle is fusiform 
and ends a little below the middle of the thigh in a long, round tendon which 
lies on the surface of the Semimembranosus muscle ; the tendon curves around 
the medial condyle of the tibia, passes over the medial ligament of the knee- 
jomt, from which it is separated by a bursa, and is inserted into the upper part 
of the medial surface of the shaft of the tibia behind the insertion of the Sar- 
torius and below that of the Gracilis. At its insertion it is united with the 
tendon of the Gracilis and gives ofi a prolongation to the deep fascia of the leg. 
A tendinous intersection is usually observed about the middle of the muscle. 


Fig. 648. — transverse section through the thigh, 4 cm. above the 
adductor tubercle of the femur. Four-fifths of natural size. 
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Nerve-supply. — The Semitendinosus is supplied by the sciatic nerve through 
the medial popliteal (tibial) portion (L. 4 and 5 and S. 1 and 2 ), 

Actions. — ^Acting from above, it flexes the knee-joint and, when the joint, is 
semtflexed, rotates the leg slightly medially. When its fixed point is below, its 
action is similar to that of the Biceps femoris. 

The Semimembranosus (figs. 642, 644, 648), so called from its membranous 
tendon of origin, is situated at the back and medial side of the thigh. It arises 
by a thick tendon from the upper and lateral impression on the tuberosity of 
the ischium (fig. 442), above and lateral to the Biceps femoris and Semitendinosus, 
and is inserted into the groove on the back of the medial condyle of the tibia. 
The tendon of origin expands into an aponeurosis which passes downwards 
under cover of the Semitendinosus and long head of the Biceps femoris ; from 
this aponeurosis muscular fibres arise, and converge to another aponeurosis 
which covers the lower part of the posterior surface of the muscle and contracts 
into the tendon of insertion. The tendon of insertion gives ofr certain fibrous 
expansions : one, of considerable size, passes upwards and laterally to be inserted 
into the intercondylar line and lateral condyle of the femur, forming the obhque 
posterior (oblique popliteal) ligament of the knee-joint ; a second is continued 
downwards to the fascia which covers the Popliteus muscle ; while a few fibres 
join the medial ligament of the knee-joint and the fascia of the leg. The 
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muscle overlaps the upper part of the popliteal vessels and is itself overlapped 
and partly hidden by the Semitendinosus muscle throughout its whole extent 
(fig. 644). 

The tendons of insertion of the Semitendinosus and Semimembranosus form 
the medial hamstrings. 

Nerve-supply. — The Semimembranosus is supplied by the sciatic nerve 
through the medial popliteal (tibial) portion (L. 4 and 5 and S. 1). 

Actions. — ^The actions of the Semimembranosus are similar to those of the 
Semitendinosus. 

Applied Anatomy . — ^In disease of the knee-joint, contraction of the hamstring tendons 
is a frequent complication ; this causes flexion of the leg, and a partial dislocation of the 
tibia backwards, with a slight degree of lateral rotation, probably due to the action of 
the Biceps femoris. The hamstring tendons occasionally require subcutaneous division. 
The relation of the lateral popliteal nerve, which lies in close apposition to the medial 
border of the tendon of the Biceps femoris, must always be borne in mind in dividing this 
tendon, and a free incision with exposure of the tendon, before division, is the safer pro- 
ceeding. 


III. The Muscles of the Leg- 

The muscles of the leg may be divided into three groups : anterior, posterior, 
and lateral. 

^ 1. The Anterior Crural Muscles (fig. 650) 

Tibialis anterior. Extensor digitorum longus. 

Extensor hallucis longus. Peroneus tertius. 

The fascia cruris or deep fascia of the leg is continuous above with the fascia 
lata, and is attached around the knee to the patella, the ligamentum patellae, 
the tubercle and condyles of the tibia and the head of the fibula. Behind, 
it forms the pophteal fascia, which covers the pophteal fossa ; here it is 
strengthened by transverse fibres, and perforated by the short saphenous vein. 
It receives an expansion from the tendon of the Biceps femoris laterally, and 
expansions from the tendons of the Sartorius, Gracfiis, Semitendinosus and 
Semimembranosus medially ; it blends with the periosteum covering the sub- 
cutaneous surface of the tibia, and with that covering the head and malleolus 
of the fibula ; below, it is continuous with the extensor and flexor retinacula 
(transverse crural and laciniate ligaments). It is thick and dense in the upper 
and anterior part of the leg, and gives origin, by its deep surface, to some fibres 
of the Tibialis anterior and Extensor digitorum longus ; it is thinner behind, 
where it covers the Gastrocnemius and Soleus. On the lateral side of the leg it 
gives off the anterior Bxidi posterior crural intermuscular septa, which are attached 
respectively to the anterior and posterior borders of the fibula ; in the anterior 
and posterior crural regions the fascia also gives off several slender processes 
which enclose the individual muscles. A broad, transverse, intermuscular 
septum, called the deep transverse fascia of the leg, intervenes between the super- 
ficial and deep muscles on the back of the leg. 

The Tibiais anterior (figs. 649, 650) is situated on the lateral side of the 
tibia ; it is thick and fleshy above, tendinous below. It arises from the lateral 
condyle and upper one-ha& or two-thirds of the lateral surface of the shaft of 
the tibia ; from the adjoining part of the anterior surface of the interosseous 
membrane ; from the deep surface of the fascia cruris ; and from the inter- 
muscular septum between it and the Extensor digitorum longus. The fibres 
run vertically downwards, and end in a tendon which is apparent on the anterior 
surface of the muscle at the lower one-third of the leg ; it passes through the 
medial compartments of the superior and inferior extensor retinacula (transverse 
and cruciate crural hgaments), inclines towards the medial side of the foot, and 
is inserted into the medial and under surfaces of the medial cuneiform bone, 
and the base of the first metatarsal bone. This muscle overlaps the anterior 
tibial vessels and nerve in the upper part of the leg. 

Actions. — ^The Tibialis anterior is a dorsiflexor of the ankle-joint ; it also 
raises the medial border of the foot, i.e. inverts the foot. 
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The Extensor haUucis longus (figs. 650, 655) lies between, and is partly 
hidden by, the Tibialis anterior and the Extensor digitorum longus. It arises 
from the anterior surface of the fibula for about the middle two-fourths of its 
extent, medial to the origin of the Extensor digitorum longus ; it also arises 
firom the anterior surface of the interosseous membrane to a similar extent. 
The anterior tibial vessels and nerve lie between it and the Tibialis anterior. 
The fibres pass downwards, and end in a tendon which occupies the anterior 
border of the muscle. It passes deep to the superior and through the inferior 
extensor retinaculum, crosses to the medial side of the anterior tibial vessels 
near the ankle-joint, and is inserted into the dorsal aspect of the base of the 


I’lG. 649. — transverse section through the leg, 9 cm. below the knee-joint. 
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distal phalanx of the great toe. Opposite the metatarsophalangeal articulation 
a thin prolongation is given off from each side of the tendon and covers the 
dorsal surface of the joint. An expansion from the medial side of the tendon 
is usually inserted into the base of the proximal phalanx. 

Actions. — The Extensor hallucis longus extends the phalanges of the great 
toe ; in continued action it dorsiflexes the ankle-joint. 

The Extensor digitorum longus (figs. 649, 650, 655) is a pennate muscle, 
situated at the lateral part of the front of the leg. It arises from the 
lateral condyle of the tibia, the upper three-fourths of the anterior sur- 
face of the shaft of the fibula, the upper part of the anterior surface 
of the interosseous membrane, the deep surface of the fascia cruris, the ant- 
erior crural intermuscular septum and the septum between it and the Tibialis 
anterior. In the upper part of the leg the anterior tibial vessels and nerve 
intervene between the muscle and the Tibialis anterior and, at a lower level, 
the Extensor haUucis longus also intervenes between them. The tendon of 
the Extensor digitorum longus passes behind the superior extensor retinaculum 
and within the loop of the inferior extensor retinaculum in company with the 
Peroneus tertius (fig. 656). It divides into four slips, which run forward 
on the dorsum of the foot, and are inserted into the middle and distal 
phalanges of the four lesser toes. Opposite the metatarsophalangeal 
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Fig. 660 .- 
(From 


lib. mii. 


Bastroc- 


^^.Soleus 


-Muscles on extensor aspect of leg. joints the tendons to the second, 
Quain’s Anatomy, XI. Edition.) third, and fourth toes are each joined 

on the lateral side by a tendon of 
the Extensor digitorum brevis. The 
tendons are inserted as follows : each 
receives a fibrous expansion from the 
corresponding Lumbrical and Inter- 
osseous muscles, and then spreads out 
into a broad aponeurosis which covers 
the dorsal surface of the proximal 
A^im at the joint of the proximal 

of with the middle phalanx this apo- 
neurosis divides into three shps — an 
intermediate, which is inserted into 
the base of the middle phalanx ; and 
two collateral slips, which, after unit- 
ing with each other on the dorsal sur- 
faceof themiddlephalanx, are inserted 
into the base of the distal phalanx. 

Actions. — The Extensor digitorum 
longus extends the toes at the meta- 
tarsophalangeal joints, and when its 
action is continued dorsiflexes the 
ankle joint. 

The Peroneus tertius (figs. 650, 657) 
is a part of the Extensor digitorum 
longus, and might be described as its 
fifth tendon. The fibres belonging 
to this tendon arise from the lower 
one-third or more of the anterior sur- 
face of the fibula, the lower part of the 
anterior surface of the interosseous 
membrane and the anterior crural in- 
termuscular septum. The tendon 
passes behind the superior and within 
the loop of the inferior extensor 
retinaculum in company with the Ex- 
tensor digitorum longus (fig. 656), 
and is inserted into the medial part 
of the dorsal surface of the base of 
the fifth metatarsal bone, but often 
spreads into a thin sheet which 
extends forwards along the medial 
border of the shaft of the bone. This 
muscle is sometimes wanting. 

Actions. — The Peroneus tertius 
dorsiflexes the ankle-joint ; it also 
raises the lateral border of the foot, 
i.e. everts the foot. 

Nerve-supply. — ^AU the anterior 
crural muscles are supplied by the 
anterior tibial (deep peroneal) nerve 
(L. 4 and 5 and S. 1). 


2. The Posterior Crural Muscles 

The muscles of the back of the 
leg are subdivided into two groups 
— superficial and deep. Those of the superficial group constitute a powerful 
muscular mass, forming the calf of the leg. Their large size is one of the most 
characteristic features of the muscular apparatus in man, and bears a direct 
relation to his erect attitude and his mode of progression. 
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Fig. 651, — ^Muscles of calf ; superficial 
layer. (From Quain’s Anatomy, 
Superficial Group (ng. 651) XI. Edition.) 

Gastrocnemius. Soleus. Plantaris. 

The Gastrocnemius (figs. 649,651), which 
is the most superficial muscle of the group, 
forms the greater part of the calf. It arises 
by two heads, which are connected to the 
condyles of the femur by strong, flat tendons. 

The medial and larger head takes its origin 
from a depression at the upper and posterior 
part of the medial condyle behind the adduc- 
tor tubercle, and from a rounded tubercle 
on the popliteal surface of the femur just 
above the medial condyle. The lateral head 
arises from an impression on the lateral 
surface of the lateral condyle and from the 
lower part of the corresponding supra- 
condylar line. Both heads also arise from 
the subjacent part of the capsular ligament 
of the knee-joint. Each head spreads out 
into a tendinous expansion which covers 
the posterior surface of the corresponding 
part of the muscle. From the anterior sur- 
faces of these tendinous expansions, mus- 
cular fibres are given off ; those of the 
medial head extending lower than those 
of the lateral. The two heads remain sepa- 
rate and their fibres are inserted into a 
broad aponeurosis which is developed on 
the anterior surface of the muscle. The 
aponeurosis, gradually contracting, unites 
with the tendon of the Soleus, and forms 
with it the tendo calcaneus, p, 644. 

Eelations.~The fascia cruris separates the 
superficial surface of the muscle from the short 
saphenous vein, and the sural commum’cating 
and sural nerves ; the lateral popliteal nerve 
crosses the lateral head of the muscle, lying 
partly under cover of Biceps femoris. The deep 
surface is in relation with the oblique posterior 
ligament of the knee-joint, the Popliteus, Soleus, 

Plantaris, popliteal vessels and medial popliteal 
nerve. A bursa which, in some cases, commun- 
icates with the cavity of the knee-joint is placed 
in front of the tendon of the medial head. The 
tendon of the lateral head sometimes contains 
a sesamoid fibrocartilage or bone, where it plays 
over the corresponding condyle ; and one is occa- 
sionally found in the tendon of the medial head. 

Nerve-supply. — The Gastrocnemius is 
supplied by the medial popliteal (tibial) 
nerve (S. 1 and 2). 

Actions.— Acting from above the Gas- 
trocnemius plantar-flexes the ankle-joint ; 
acting from below it flexes the knee-joint. 

The Soleus (figs. 649, 651) is a broad flat Cakdn&um 

muscle situated imme^ately in front of 

the Gastrocnemius. It arises by tendinous fibres from the back of the head, 
and from the upper one-fourth of the posterior surface of the shaft of the 
fibula ; from the soleal line (popliteal line) and the middle one-third of the 
medial border of the tibia ; and from a fibrous band which stretches between 
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the tibia and fibula, and arches over the popliteal vessels and medial popliteal 
(tibial) nerve. The muscular fibres end in a flat tendon which covers the pos- 
terior surface of the muscle, and, gradually becoming thicker and narrower, 
j oins with the tendon of the Gastrocnemius, and forms with it the tendo calcaneus. 

Relations. — Its superficial surface is in relation with the Gastrocnemius and Plantaris ; 
its deep surface, with the Flexor digitorum longus. Flexor hallucis longus, Tibialis posterior, 
and posterior tibial vessels and nerve, from all of which it is separated by the deep trans- 
verse fascia of the leg. 

Nerve-supply. — The Soleus is supplied by the medial pophteal nerve (S. 1 
and 2). 

Actions. — The Soleus is a plantar-flexor of the ankle-joint ; in standing, the 
Soleus, taking its fixed point from below, steadies the leg on the foot. 

The Gastrocnemius and Soleus form a muscular mass which is occasionally 
described as the Triceps surce ; its tendon of insertion is the tendo calcaneus. 

The tendo calcaneus (fig. 651), the common tendon of the Gastrocnemius 
and Soleus, is the thickest and strongest tendon in the body. It is about 15 cm. 
long, and begins near the middle of the leg, but its anterior surface receives 
fleshy fibres from the Soleus, almost to its lower end. It gradually narrows and 
thickens until it reaches a level about 4 cm. above the calcaneum ; below this 
it expands and is inserted into the middle of the posterior surface of the 
calcaneum, a bursa being interposed between the tendon and the upper part 
of this surface. 

Actions. — The muscles of the calf are the chief plantar-flexors of the ankle- 
joint. They possess considerable power, and are called into use in standing, 
w alkin g, dancing and leaping ; hence they are usually of large size. In walking, 
these muscles raise the heel from the ground ; the body being thus supported 
on the raised foot, the opposite hmb can be carried forwards. 

The Plantaris (fig. 651) arises from the lower part of the lateral supracondylar 
line, and from the oblique posterior ligament of the. knee-joint. It forms a 
small, fusiform beUy, from 7 cm. to 10 cm. long ; this ends in a long slender 
tendon, which crosses obliquely between the Gastrocnemius and Soleus and 
runs along the medial border of the tendo calcaneus to be inserted with it into 
the posterior part of the calcaneum. This muscle is sometimes double, and at 
other times wanting. Occasionally, its tendon is lost in the flexor retinaculum 
(lacioiate hgament), or in the fascia of the leg. 

Nerve-supply. — ^The Plantaris is supplied by the medial popliteal (tibial) 
nerve (L. 4 and 5 and S. 1). 

Actions. — ^The Plantaris is the rudiment of a large muscle, the tendon of 
which in some of the lower animals is inserted into the plantar aponeurosis : 
in man it is an accessory to the Gastrocnemius j plantar-flexing the ankle-joint if 
the foot be free, or flexing the knee-joint if the foot be flxed. 


Deep Group (fig. 652). 

Popliteus. Flexor digitorum longus. 

Flexor hallucis longus. Tibialis posterior. 

The deep transverse fascia of the leg is a septum between the superficial and 
deep muscles of the back of the leg. At the sides it is connected to the medial 
margin of the tibia and the posterior border of the fibula. Above, where it 
is thick and dense, it is attached to the soleal ridge of the tibia and to the fibula, 
below and medial to the origin of the Soleus. Between these two attachments 
it is continuous with the fascia covering the Popliteus and receives an expansion 
from the tendon of the Semimembranosus ; it is thin in the middle of the leg ; 
but below, where it covers the tendons passing behind the malleoli, it is thick 
and continuous with the flexor retinaculum and the superior peroneal retinaculum. 

The Popliteus (fig. 652) is a flat, triangular muscle, which forms the 
floor of the lower part of the popliteal fossa. It arises by a strong tendon 
about 2*5 cm. long, from a depression at the anterior part of the groove on 
the lateral condyle of the femur, and to a small extent from the oblique posterior 
ligament of the knee-joint. It is inserted into the medial two-thirds of the 
triangular area above the soleal line (popliteal line) on the posterior surface 
of the shaft of the tibia, and into the tendinous expansion covering the muscle. 
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Eelaitioiis. — ^Its tendon of origin is intracapsular and is covered by the lateral liga- 
ment of the knee, and the tendon of the Biceps femoris (fig. 566). Invested on its deep 
surface by the synovial membrane, it grooves the posterior border of the lateral semi- 
lunar cartilage and the adjoining part 


Fig. 652. — The left posterior crural muscles. 
Deep group. 
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of the tibia, and emerges from under 
cover of the posterior band of the arcuate 
ligament (fig. 556). On the floor of the 
popliteal fossa it is covered by a strong 
layer of fascia which is derived for the 
most part from the tendon of the 
Semimembranosus . 

Nerve-supply. — The Popliteus is 
supplied by the medial pophteal 
(tibial) nerve (L. 4 and 5 and 
S.l). 

Actions. — The PopHteus fl.exes 
the knee-joint; when the joint is 
flexed, it rotates the tibia medially. 

It is usually regarded as the muscle 
which ‘ unlocks ’ the joint at the 
beginning of flexion of the fully 
extended knee-joint (p. 501). 

The Flexor hallucis longus (figs. 

652, 655) is situated on the fibular 
side of the leg. It arises from the 
inferior two-thirds of the posterior 
surface of the shaft of the fibula, 
with the exception of about 2*5 
cm. at its lowest part ; from the 
lower part of the posterior surface 
of the interosseous membrane ; 
from the posterior crural inter- 
muscular septum, and from the 
fascia covering the Tibialis post- 
erior, which it overlaps to a con- 
siderable extent. The fibres pass 
obliquely downwards and back- 
wards, and end in a tendon which 
occupies nearly the whole length 
of the posterior surface of the 
muscle. This tendon hes in a 
groove which crosses the posterior 
surface of the lower end of the 
tibia, the posterior surface of the 
talus, and the under surface of 
the sustentaculum tali of the cal- 
caneum (figs. 653, 656). In the 
sole of the foot it runs forwards 
between the two heads of the Flexor 
hallucis brevis, and is inserted into, 
the plantar surface of the base 
of the distal phalanx of the great 
toe. The grooves on the talus and 
calcaneum which contain the ten- 
don of the muscle are converted by 
tendinous fibres into a canal, which 
is lined by a synovial sheath. As 
the tendon passes forwards in the 
sole of the foot, it is situated above, 
and crosses from the lateral to the * 

medial side of, the tendon of the Flexor digitorum longus, to which it is con- 
nected by a fibrous shp. This slip varies considerably in size ; it is usually 
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distributed to the tendons for the second, and third toes, but is sometimes re- 
stricted to that for the second, and occasionally is distributed to the tendon 
for the fourth toe, in addition. 

Relations. — Its superficial surface is in relation with the Soleus and tendo calcaneus, 
from which it is separated by the deep transverse fascia ; its deep surface, with the fibula, 
Tibialis posterior, the peroneal vessels, the lower part of the interosseous membrane, and 
the ankle-joint ; its lateral border, with the Peronei ; its medial border, with the Tibialis 
posterior, posterior tibial vessels and nerve. 

Nerve-supply. — The Flexor haUucis longus is supplied by the posterior 
tibial nerve (L. 5 and S. 1 and 2). 

Actions. — ^The Flexor hallucis longus flexes the great toe, and, continuing 
its action, plantar-flexes the ankle-joint. 

The Flexor digitorum longus (fig. 652) is situated on the tibial side of the 
leg. Its upper part is thin and pointed, but the muscle gradually increases in 
size as it descends. It arises from the posterior surface of the shaft of the tibia, 
medial to the tibial origin of the Tibialis posterior ; this origin extends from 
just below the soleal line (popliteal line) to within 7 cm. or 8 cm. of the lower 
extremity of the bone ; it also arises from the fascia covering the Tibialis 
posterior. The fibres end in a tendon which runs nearly the whole length of the 
posterior surface of the muscle. This tendon gradually crosses the Tibialis 
posterior and passes behind the medial malleolus, in a groove common to it and 
the Tibialis posterior, but separated from the latter by a fibrous septum ; each 
tendon being contained in a special compartment lined by a separate synovial 
sheath. It passes obliquely forwards and laterally, in contact with the medial 
side of the sustentaculum tali (fig, 653) and deep to the flexor retinaculum 
(laciniate ligament) and enters the sole of the foot (fig. 662), where it crosses 
below (i.e. superficial to) the tendon of the Flexor hallucis longus, and receives 
from it a strong slip. It then expands and is joined by the Flexor digitorum 
accessorius (Quadratus plantae), and finally divides into four tendons, which are 
inserted into the plantar surfaces of the bases of the distal phalanges of the 
second, third, fourth, and fifth toes, each tendon passing through an opening in 
the corresponding tendon of the Flexor digitorum brevis opposite the base of 
the proximal phalanx. 

Relations. — In the leg its superficial surface is in relation with the deep transverse fascia, 
which separates it from the Soleus, and, distally, with the posterior tibial vessels and 
nerve ; its deep surface, with the tibia and Tibialis posterior. In the foot, it is covered by 
the Abductor hallucis and Flexor digitorum brevis, and crosses superficial to the Flexor 
hallucis longus. 

Nerve-supply. — ^The Flexor digitorum longus is supplied by the posterior 
tibial nerve (L. 5 and S. 1). 

Actions. — The Flexor digitorum longus flexes the phalanges of the toes, and 
in continued action plantar-flexes the ankle- j oint . In consequence of the oblique 
direction of its tendons it draws the toes medially, but this is counteracted by 
the Flexor digitorum accessorius (Quadratus plantae), which is inserted into the 
lateral side of the tendon. 

Both the Flexor hallucis longus and the Flexor digitorum longus play im- 
portant parts in maintaining the longitudinal arch of the foot (p. 517). 

The Tibialis posterior (figs. 649, 652) takes origin between the Flexor hallucis 
longus and Flexor digitorum longus, and is overlapped by both muscles, but 
especially by the Flexor hallucis longus ; it is the deepest muscle on the back 
of the leg. It begins above by two pointed processes, separated by an angular 
interval through which the anterior tibial vessels pass to the front of the leg. 
It arises from the posterior surface of the crural interosseous membrane, with the 
exception of its lowest part ; from the lateral portion of the posterior surface of 
the shaft of the tibia, between the commencement of the soleal line above and 
the junction of the middle with the lower one-third of the shaft below ; and from 
the upper two-thirds of the medial part of the posterior surface of the fibula ; 
some fibres also arise from the deep transverse fascia, and from the intermuscular 
septa separating it from the adjacent muscles. In the lower one-fourth of the 
leg its tendon passes in front of (i.e. deep to) that of the Flexor digitorum longus 
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and lies with it in a groove behind the medial malleolus, but enclosed in a 
separate sheath ; it next passes deep to the flexor retinaculum (laciniate liga- 
ment) and superficial to the deltoid ligament (fig. 653) into the foot, and then 
below the plantar calcaneonavicular ligament, where it contains a sesamoid 
fibrocartilage. It is inserted into the tuberosity of the navicular bone, and gives 
off fibrous shps, one of which passes backwards and is attached to the sustent- 
aculum tali of the calcaneum, while others pass forwards and laterally and are 
fixed to the three cuneiform bones, the cuboid bone, and the bases of the second,, 
third and fourth metatarsal bones (fig. 569). 

Eelations. — Its superficial surface is in relation with the Soleus, from which it is separated 
by the deep transverse fascia, the Flexor digitorum longus, the Flexor hallucis longus, the- 


Fig. 653. — coronal section through the left ankle and talocalcanean joints. 
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posterior tibial vessels, nerve, and the peroneal vessels ; its deep surface with the inter- 
osseous membrane, the tibia, fibula and ankle-joint. 

Nerve-supply. — The Tibialis posterior is supplied by the posterior tibial 
nerve (L. 5 and S. 1). 

Actions. — The Tibialis posterior plantar-flexes the ankle-joint ; it also puUs 
up the medial border of the foot, i.e. inverts the foot. In the sole of the foot 
its tendon lies inferomedial to the plantar calcaneonavicular ligament, and, 
together with its additional slips of insertion, is an important factor in main- 
taining the longitudinal arch of the foot (p. 517). 

3. The Lateral Crtjral Muscles. 

Peroneus longus. Peroneus brevis. 

The Peroneus longus (figs. 649, 651, 652), which is the more superficial of the 
two muscles, is situated at the upper part of the lateral side of the leg. It arises 
from the head and upper two-tMrds of the lateral surface of the shaft of the 
fibula, from the deep surface of the fascia cruris, and from the anterior and 
posterior crural intermuscular septa : occasionally also by a few fibres from 
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the lateral condyle of the tibia. Between its attachments to the head and body 
of the fibula, there is a gap through which the lateral popliteal (common 
peroneal) nerve passes. It ends in a long tendon, which runs behind the lateral 
malleolus, in a groove common to it and the tendon of the Peroneus brevis, 
behind which it lies ; the groove is converted into a canal by the superior 


Fig. 654 :.- — ^The muscles of the right leg, viewed from the medial side. 
(From Quain’s Anatomy, XI. Edition.) 
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peroneal retinaculum, and the tendons in it are contained in a common synovial 
sheath. The tendon then runs obliquely forwards across the lateral side of the 
calcaneum, below the peroneal tubercle and the tendon of the Peroneus brevis, 
and under cover of the inferior peroneal retinaculum ; it crosses the lateral 
side of the cuboid bone, and then runs on the under surface of that bone 
in a groove which is converted into a canal by the long plantar ligament (fig. 
663). It crosses the sole of the foot obliquely, and is inserted by two slips into 
(a) the lateral side of the base of the first metatarsal bone and (6) the lateral 
side of the medial cuneiform bone ; occasionally a third slip is attached to the 
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base of the second metatarsal bone. The tendon changes its direction at two 
points : (d) below the lateral malleolus, (b) on the cuboid bone ; in both of 
these situations it is thickened, and, in the latter, a sesamoid fibrocartilage 
(sometimes a bone) is usually developed in its substance. 

Nerve-supply. — ^The Peroneus longus is supplied by the musculocutaneous 
(superficial peroneal) nerve (L. 4 and 5 and S. 1). 

Actions. — The Peroneus longus plantar-flexes the ankle-joint and everts the 
foot, so long as it is not bearing weight. As a consequence of the oblique 
direction of its tendon across the sole it is an important agent in maintaining 
the transverse and lateral longitudinal arches of the foot. In the active erect 
posture (p. 517) it produces depression and medial rotation of the first meta- 
tarsal and medial cuneiform bones and so enables the inverted foot to remain 
plantigrade. Taking its fixed point below, the Peroneus longus serves to 
steady the leg on the foot ; this is especially the case in standing on one leg, 
when the tendency of the superincumbent weight is to throw the leg medially. 


Fig. 655. — A transverse section through the leg, 6 cm. above the tip of the 
medial malleolus. 
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The Peroneus brevis (figs. 651, 655) arises fi-om the lower two-thirds of the - 
lateral surface of the shaft of the fibula, in jfront of the Peroneus longus ; and 
from the anterior and posterior crural intermuscular septa. The fibres pass 
vertically downwards, and end in a tendon which runs behind the lateral 
malleolus along with, but in front of, that of the Peroneus longus, the two ten- 
dons being enclosed in the same compartment and lubricated by a common 
synovial sheath. It then runs forwards on the lateral side of the calcaneum 
above the peroneal tubercle (trochlear process) and the tendon of the Peroneus 
longus, and is inserted into the tubercle on the base of the fifth metatarsal bone, 
on its lateral side. 

On the lateral surface of the calcaneum the tendons of the Peronei longus 
et brevis occupy separate, osseo-aponeurotic canals formed by the calcaneum 
and the inferior peroneal rettuaculum ; each tendon is enveloped by a forward 
prolongation of the common synovial sheath. 

Nerves. — ^The Peroneus brevis is supplied by the musculocutaneous (super- 
ficial peroneal) nerve (L. 4 and 5 and S. 1). 

Action. — ^The Peroneus brevis plantar-flexes the foot upon the leg, and 
assists the Peroneus longus to evert the foot. 

G.A. x2 
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Applied Anatomy. — Rigidity and contraction of the tendons of the various muscles of 
the leg give rise to one or other of the kinds of deformity known as clvh foot. The most 
simple and common deformity, and one that is rarely, if ever, congenital, is talipes equinus, 
the heel being raised by the rigidity and contraction of the Gastrocnemius so that the 
patient walks upon the ball of the foot. In talipes varus, the foot is forcibly adducted and 
the medial side of the sole raised, sometimes to a right angle with the ground, by the action 
of the Tibiales anterior et posterior. In talipes valgus, the lateral edge of the foot is raised 
by the Peronei, and the patient walks on the medial side of the foot. In talipes calcaneus 
the toes are raised by the extensor muscles, the heel is depressed and the patient walks 
upon it. Other varieties of deformity are met with, as talipes equinovarus, equinovalgus 
and calcaneovalgus, names which sufficiently indicate their nature. Of these, talipes equino- 
varus is the most common congenital form ; the heel is raised by the tendo calcaneus, the 
medial border of the foot drawn upwards by the Tibialis anterior, the anterior two-thirds 
twisted medially by the Tibialis posterior, and the arch increased by the contraction of 
the plantar aponeurosis, so that the patient walks on the middle of the lateral border of 
the foot. 

Rupture of a few fibres of the Gastrocnemius, or rupture of the Plantaris tendon, 
not uncommonly occurs, especially in men somewhat advanced in life, from some sudden 
exertion, and frequently occurs during the game of lawn-tennis, and is hence known as 
‘ lawn- tennis leg.’ The accident is accompanied by a sudden pain, and produces a sensa- 
tion as if the individual had been struck a violent blow on the part. The tendo calcaneus 
is also sometimes ruptured. It is stated that John Hunter ruptured his tendo calcaneus 
while dancing, at the age of forty. 


THE FASCIA ROUND THE ANKLE 

As the tendons of the muscles of the leg cross the ankle-joint on their way 
to the foot, they are bound down by localised thickenings in the deep fascia 
which constitute retinacular bands comparable, both in mode of formation and 
in function, to the flexor and extensor retinacula of the wrist (p. 609). They 
comprise the superior and inferior extensor retinacula (transverse and cruciate 
crural ligaments), the flexor retinaculum (laciniate ligament), and the superior 
and inferior peroneal retinacula. 

The superior extensor retinaculum (transverse crural ligament) (flgs. 650, 
657) binds down the tendons of the Tibialis anterior, Extensor haUucis longus, 
Extensor digitorum longus and Peroneus tertius, as they descend on the front 
of the ankle-joint ; the anterior tibial vessels and nerve also pass under cover 
of it. It is attached laterally to the lower end of the anterior border of the fibula, 
and medially to the anterior border of the tibia ; above, it is continuous with 
the deep fascia of the leg. 

The inferior extensor retinaculum (cruciate crural ligament) (figs. 656, 657) 
is a Y-shaped band placed in front of the ankle-joint. The stem of the Y is 
attached to the upper surface of the calcaneum, in front of the sulcus calcanei, 
and passes medially, forming a strong loop which encloses the tendons of the 
Peroneus tertius and the Extensor digitorum longus. From the extremity of 
this loop two diverging bands pass medially to complete the Y. The upper 
band consists of two distinct lamellse. The deep lamella passes behind the 
tendons of the Extensor hallucis longus and the Tibialis anterior, but in front 
of the anterior tibial vessels and nerve, to reach the tibial malleolus. The 
superficial lamella crosses in front of the tendon of the Extensor hallucis longus 
and is then firmly connected to the deep lamella ; it may or may not be con- 
tinued in front of the tendon of the TiWahs anterior to reach the tibia. The 
lower hand extends downwards and medially to be attached to the plantar 
aponeurosis ; it crosses the tendons of the Extensor haUucis longus and Tibialis 
anterior, the arteria dorsalis pedis and the terminal branches of the anterior 
tibial (deep peroneal) nerve. From the deep surface of the loop which encloses 
the tendons of the Peroneus tertius and the Extensor digitorum longus, a 
distinct band of fibres passes medially between the constituent layers of 
the interosseous talocalcanean ligament (p. 509) to gain attachment to the 
upper surface of the calcaneum and the under surface of the neck of the 
talus.* 

* E. Barclay Smith, Journal of Anatomy, vol. xxx. 1896. T. T. Stamm. Ibid. vol. Ixvi. 
1931. 
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The flezor retinaculum (laciniate ligam'ent) (fig. 654) extends from the tibial mal- 
leolus above to the margin of the calcaneum below ; its upper border is continuous 
with the deep transverse fascia of the leg, its lower with the plantar aponeurosis 
and the fibres of origin of the Abductor hallucis muscle. It converts a series 
of bony grooves in this situation into canals for the passage of the tendons of 
the flexor muscles into the sole of the foot, and also affords protection to the 
posterior tibial vessels and nerve as they enter the sole of the foot. From the 
media] to the lateral side these structures lie in the following order ; tendon of 
the Tibialis posterior, tendon of the Flexor digitorum longus, posterior tibial 
vessels and nerve, and tendon of the Flexor hallucis longus (fig. 656). 


Fig. 656. — ^Transverse section through the lower part of the ankle-joint* 
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The peroneal retinacula are fibrous bands which retain the tendons of the 
Peroneus longus and brevis in position as they cross the lateral side of the 
ankle. The superior retinaculum (fig. 652) extends from the back of the lateral 
malleolus to the deep transverse fascia of the leg and the lateral surface of the 
calcaneum. The inferior retinaculum is continuous in front with the inferior 
extensor retinaculum ; behind it is attached to the lateral surface of the 
calcaneum : some of its fibres are fixed to the peroneal tubercle of the cal- 
caneum, forming a septum between the tendons of the Peroneus longus and 
brevis. 

The synovial sheaths of the tendons round the ankle. — ^The tendons crossing 
the ankle-joint are enclosed in synovial sheaths. On thie front of the ankle (fig. 
657) the sheath for the Tibialis anterior extends from the upper margin of the 
upper extensor retinaculum to the interval between the diverging limbs of the 
lower retinaculum ; those for the Extensor digitorum longus and Extensor 
hallucis longus reach upwards to just above the level of the malleoli, the former 
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being the higher. The sheath of the Extensor hallucis longus is prolonged on 
to the base of the first metatarsal bone, while that of the Extensor digitorum 
longus reaches only to the level of the base of the fifth metatarsal bone. On 
the medial side of the ankle (fig. 658) the sheath for the Tibialis posterior extends 


Fig. 657. — The synovial sheaths of the tendons round the right ankle. Lateral aspect. 
(From a specimen prepared by J. 0. B. Grant.) 



Fig. 658. — The synovial sheaths of the tendons round the right ankle. Medial aspect. 
(From a specimen prepared by J. C. B. Grant.) 



J malleolus ; below, it ends just short of the insertion 

oi the tendon into the tuberosity of the navicular bone. The sheath for the 
hiexor haUucis longus reaches up to the level of the maUeolus, wlule that for 
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the base of the first metatarsal bone, but the latter ends opposite the navicular 
bone. On the lateral aide of the ankle (fig. 667) a sheath, the upper part of 
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which is single and the lower part double, encloses the Peroneus longus and 
brevis. It extends upwards for about 4 cm. above the tip of the malleolus, 
and downwards and forwards for about the same distance. 


IV. The Muscles of the Foot 
1. The Dorsal Muscle of the Foot 
Extensor digitorum brevis. 

The fascia on the dorsum of the foot (fascia dorsalis pedis) is a thin, mem- 
branous layer, continuous above with the inferior extensor retinaculum ; at 
the sides of the foot it blends vrith the plantar aponeurosis ; anteriorly it en- 
sheathes the tendons on the dorsum of the foot. 

The Extensor digitorum brevis (figs. 650, 657) is a thin muscle, which arises 
from the forepart of the upper and lateral surface of the calcaneum, in fi:ont of 
the groove for the Peroneus brevis ; from the interosseous talocalcaneal liga- 
ment, and the stem of the inferior extensor retinaculum. It passes obliquely 
forwards and medially across the dorsum of the foot, and ends in four tendons. 
The medial part of the muscle is usually a more or less distinct shp ending in a 
tendon which crosses the dorsalis pedis artery and is jnserted into the dorsal 
surface of the base of the proximal phalanx of the great toe ; it is sometimes 
described as a separate muscle — ^the Extensor hallucis brevis. The other three 
tendons are inserted into the lateral sides of the tendons of the Extensor 
digitorum longus of the second, third and fourth toes. 

Nerve-supply. — ^The Extensor digitorum brevis is supplied by the lateral 
terminal branch of the anterior tibial (deep peroneal) nerve (L. 4 and 5 and 
S. 1). 

Actions. — ^The Extensor digitorum brevis extends the phalanges of the 
four toes into which it is inserted, but, in the great toe, acts only on the first 
phalanx. 


2. The Plantar Muscles of the Foot 

The plantar aponeurosis (fig. 659) is of great strength, and consists of white 
fibres disposed, for the most part, longitudinally : it is divided into central, 
lateral, and medial portions. 

The central 'portion is the thickest : it is narrow behind, and attached to the 
medial tubercle of the calcaneum posterior to the origin of the Flexor digitorum 
brevis ; it becomes broader and thinner in front, and divides near the heads 
of the metatarsal bones into five processes, one for each toe. Each of these 
processes splits opposite the metatarsophalangeal joint into a superficial and a 
deep stratum. The superficial stratum is inserted into the skin of the transverse 
sulcus which separates the toes from the sole. The deep stratum divides into 
two slips which embrace the sides of the flexor tendons of the toes, and blend 
with the fibrous sheaths of these tendons and with the deep transverse ligaments 
of the sole, thus forming a series of arches through which the tendons of the short 
and long flexors pass to the toes. Through the intervals between the five pro- 
cesses the digital vessels and nerves and the tendons of the Lumbrical muscles 
are transmitted. At the point of division of the aponeurosis numerous trans- 
verse fasciculi bind the processes together, and connect them with the skin. 
The central portion of the plantar aponeurosis is continuous with the lateral 
and medial portions, and sends upwards, at the lines of junction, two vertical 
intermuscular septa, which separate the intermediate from the lateral and medial 
groups of plantar muscles ; from these vertical septa thinner transverse septa are 
derived which separate the different layers of muscles. The deep surface of 
the central part of the aponeurosis gives origin behind to the Flexor digitorum 
brevis. 

The lateral portion covers the under surface of the Abductor digiti minim i ; 
it is thin in front and thick behind, where it forms a strong band between the 
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lateral tubercle of the calcaneum and the base of the fifth metatarsal bone ; it 
is continuous medially with the central portion, and laterally with the fascia 
on the dorsum of the foot. 

The medial portion is thin, and covers the under surface of the Abductor 
hallucis ; it is continuous behind with the flexor retinaculum (laciniate ligament). 


Fig. 659. — The plantar aponeurosis of the left foot. 
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medially with the fascia dorsalis pedis, and laterally with the central portion of 
the plantar aponeurosis. 

The muscles in the plantar region of the foot may be divided into medial, 
lateral and intermediate groups ; but for descriptive purposes it is more 
convenient to group them in four layers, as met with in the course of 
dissection. 
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The First Layer (fig. 660) 

Abductor hallucis. Flexor digitorum brevis. 

Abductor digiti minimi. 


All tbe muscles of this layer extend from the tubercles of the calcaneum to 
the toes, and therefore, together with the plantar aponeurosis, play a subsidiary 
part in maintaining the longitudinal arches 

of the foot. 000 . — ^The plantar muscles of the 

The Abductor hallucis (fig. 660) hes right foot. First layer. 


along the medial border of the foot and 
covers the origins of the plantar vessels and 
nerves. It arises from the medial tubercle 
of the calcaneum, the fiexor retinaculum 
(laciniate ligament), the plantar aponeur- 
osis, and the intermuscular septum between 
it and the Flexor digitorum brevis. The 
fibres end m a tendon which is inserted, 
together with the medial tendon of the 
Flexor hallucis brevis, mto the medial side 
of the base of the proximal phalanx of the 
great toe. 

Nerve-supply. — ^The Abductor hallucis 
is supphed by the medial plantar nerve 
(L. 5 and S. 1). 

Actions. — The Abductor hallucis flexes 
and abducts the proximal phalanx of the 
great toe. 

The Flexor digitorum brevis (fig. 660) 
lies immediately above the central part of 
the plantar aponeurosis. Its deep surface 
is separated from the lateral plantar vessels 
and nerves by a thin layer of fascia. It 
arises by a narrow tendon from the medial 
tubercle of the calcaneum, from the central 
part of the plantar aponeurosis, and from 
the intermuscular septa between it and the 
adjacent muscles. It divides into four 
tendons, one for each of the four lesser 
toes. Opposite the bases of the proximal 
phalanges, each tendon divides into two 
shps, to allow of the passage of the corre- 
sponding tendon of the Flexor digitorum 
longus ; the two slips then unite, partially 
decussate, and form a grooved channel 
for the reception of the tendon of the 
Flexor digitorum longus. The tendon divides 
again and is inserted into the sides of the 
middle phalanx about its middle. The 
mode of division of the tendons of the 



Flexor digitorum brevis, and of their inser- 
tion into the phalanges, is identical with that of the tendons of the Flexor 
digitorum subhmis in the hand. 

Nerve-supply. — ^The Flexor digitorum brevis is supphed by the medial 
plantar nerve (L. 5 and S. 1 and 2). 

Actions. — The Flexor digitorum brevis flexes the middle phalanges upon the 
proximal ; continuing its action it flexes the proximal phalanges and brings 
the toes together. 

The fibrous sheaths of the flexor tendons (fig. 660). — ^The terminal portions 
of the tendons of the long and short flexor muscles are contained in psseo- 
aponeurotic canals similar in their arrangement to those in the fingers. These 
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canals are bounded above by the phalanges, and below by fibrous bands which 
arch across the tendons, and are attached on either side to the margins of the 
phalanges. Opposite the shafts of the proximal and middle phalanges the 
fibrous bands {vaginal ligaments) are strong, and the fibres are transverse ; but 
opposite the joints they are much thinner, and the fibres are directed obliquely. 
Each canal contains a synovial sheath, which is reflected on the contained 
tendons ; within this sheath vincula tendinum are arranged similarly to those of 
the fingers. 

The Abductor digiti minimi (fig. 660) lies along the lateral border of the foot, 
and its medial margin is in relation with the lateral plantar vessels and nerve. 
It arises from the lateral and medial tubercles of the calcaneum, from the under 
surface of the bone between the processes, from the plantar aponeurosis, and 
from the intermuscular septum between it and the Flexor digitorum brevis. 
Its tendon ghdes over a smooth facet on the under surface of the base of the 
fifth metatarsal bone and is inserted, with the Flexor digiti minimi brevis, into 
the lateral side of the base of the proximal phalanx of the fifth toe. 

Nerve-supply. — ^The Abductor digiti minimi is supplied by the lateral plantar 
nerve (S. 1 and 2). 

Actions. — The Abductor digiti minimi flexes and abducts the proximal 
phalanx of the httle toe. 

The Second Layer (figs. 661, 662) 

Flexor digitorum accessorius. Lumbricales. 

The Flexor digitorum accessorius (Quadratus plantse) (fig. 662) arises by 
two heads which are separated from each other by the long plantar ligament : 
the medial, and larger, head is muscular, and is attached to the medial concave 
surface of the calcaneum below the groove for the tendon of the Flexor hallucis 
longus ; the lateral head, flat and tendinous, arises from the calcaneum in 
front of the lateral tubercle and from the long plantar ligament. The two 
portions join at an acute angle, and end in a flattened band which is inserted 
into the superior surface and lateral margin of the tendon of the Flexor digitorum 
longus, forming a kind of groove in which the tendon is lodged. It usually 
sends slips to those tendons of the Flexor digitorum longus which pass to the 
second, third and fourth toes. 

Nerve-supply. — ^The Flexor digitorum accessorius is supplied by the lateral 
plantar nerve (S. 1). 

Actions. — ^The Flexor digitorum accessorius assists the Flexor digitorum 
longus and converts the oblique pull of the tendons of that muscle into a direct 
backward pull on the toes. 

The Lumbricales (fig, 662) are four small muscles, accessory to the tendons 
of the Flexor digitorum longus, and numbered from the medial side of the foot ; 
they arise from these tendons, as far back as their angles of separation, and, 
with the exception of the first, which arises only from the medial border of the 
first tendon of the Flexor digitorum longus, each springs from two tendons. The 
muscles end in tendons which pass forwards and upwards on the medial sides 
of the four lesser toes, and are inserted into the expansions of the tendons of the 
Extensor digitorum longus on the dorsal surfaces of the proximal phalanges. 

Nerve-supply. — ^The first Lumbrical is supplied by the medial plantar nerve 
(L. 6 and 8. 1) ; the others by the deep branch of the lateral plantar nerve 
(S. 1 and 2). 

Actions. — ^The Lumbricals flex the proximal phalanges and, by their in- 
sertions into the tendons of the Extensor digitorum longus, extend the middle 
and distal phalanges. 


The Third Layer (figs. 661, 663) 

Flexor hallucis brevis. Adductor hallucis. 

Flexor digiti minimi brevis. 

The Flexor hallucis brevis (fig. 663) arises by a pointed, tendinous process 
from the medial part of the under surface of the cuboid bone, behind the groove 
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for the Peroneus longus tendon, from the contiguous portion of the lateral 
cuneiform bone, and from the part of the tendon of the Tibialis posterior which 
is attached to that bone. It divides into a medial and a lateral portion, and 
the tendons of these are iuserted into the corresponding sides of the base of 
the proximal phalanx of the great toe, a sesamoid bone being present in each 


Fig. 661. — The muscles of the sole of the foot and their nerves of supply. 
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tendon at its insertion. The medial portion is blended with the Abductor 
hallucis previous to its insertion ; the lateral, with the Adductor hallucis. The 
lateral portion of the Flexor hallucis brevis is sometimes described as the first 
plantar interosseous muscle. 

Nerve-supply —The Flexor hallucis brevis is supplied by the medial plantar 
nerve (L. 5 and S« 1). 




into the lateral side of the base of the proximal phalanx of the great toe. The 
transverse head, a narrow, flat fasciculus, arises from the plantar metatarso- 
phalangeal ligaments of the third, fourth and flfth toes (sometimes only from 
the third and fourth), and jfrom the deep transverse ligaments of the sole. 
It is inserted into the lateral side of the base of the proximal phalanx of the 
great toe, its tendon of insertion blending withr that of the oblique head. 

Nerve-supply. — The Adductor hallucis is supplied by the deep branch of the 
lateral plantar nerve (S. 1 and 2), 

Actions. — ^The oblique head of the Adductor hallucis is chiefly concerned in 
adducting, but it also assists in flexing, the great toe ; the transverse head 
approximates the toes and thus increases the curve of the transverse arch of 
the metatarsus. 
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The Flexor digit! miniim brevis (fig. 663) arises from the medial part of the 
plantar surface of the base of the fifth metatarsal bone, and from the sheath 
of the Peroneus longus ; its tendon is inserted into the lateral side of the base 
of the proximal phalanx of the fifth toe. Occasionally a few of the deeper fibres 
are inserted into the lateral part of the distal one-half of the fifth metatarsal 
bone ; these are described by some as a distinct muscle — ^the Opponens digiti 
minimi. 

Nerve-supply. — ^The Flexor digiti minimi brevis is supplied by the superficial 
branch of the lateral plantar nerve (S. 1 and 2). 

Action. — The Flexor digiti minimi brevis fiexes the little toe. 


The Fourth Layer 
Interossei. 

The Interossei in the foot are similar to those in the hand, but are grouped 
on each side of the middle line of the second digit, instead of that of the third. 
They consist of a dorsal and a plantar set. 

The Interossei dorsales (fig. 664), four in number, are situated between the 
metatarsal bones. They are bipennate muscles, each arising by two heads from 
the adjacent sides of the metatarsal bones between which it is placed ; their 
tendons are inserted into the bases of the proximal phalanges, and into the 
aponeuroses of the tendons of the Extensor digitorum longus. The first is 

Fig. 664. — The Interossei dorsales of the left Fig. 665. — The Interossei plantares of the 

foot. Dorsal aspect. left foot. Plantar aspect. 



inserted into the medial side of the second toe ; the other three into the lateral 
sides of the second, third, and fourth toes. In the angular interval between the 
heads of each of the three lateral muscles, one of the perforating arteries passes 
to the dorsum of the foot ; through the space between the heads of the first 
muscle the terminal part of the dorsalis pedis artery enters the sole of 
the foot. 

The Interossei plantares (fig. 665), three in number, lie below rather than 
between the metatarsal bones, and each is connected with but one metatarsal 
bone. They arise from the bases and medial sides of the shafts of the third, 
fourth, and fifth metatarsal bones, and are inserted into the medial sides of the 
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bases of the proximal phalanges of the same toes, and into the aponeuroses of 
the tendons of the Extensor digitorum longus. 

Nerve-supply. — The Dorsal and Plantar interossei are supplied by the deep 
branch of the lateral plantar nerve (S. 1 and 2), except those in the fourth 
interosseous space, which are supplied by the superficial branch of the same 
nerve. The first Dorsal interosseous frequently receives an extra fiJament from 
the medial branch of the anterior tibial nerve on the dorsum of the foot, and 
the second Dorsal interosseous a twig fi'om the lateral branch of the same nerve. 

Actions. — ^The Dorsal interossei are abductors from an imaginary line passing 
through the axis of the second toe, so that the first muscle draws the second 
toe medially, the second muscle draws the same toe laterally, and the third and 
fourth draw the third and fourth toes laterally. They assist in flexing the 
proximal and extending the middle and distal phalanges. The Plantar inter- 
ossei adduct the third, fourth and fifth toes towards the imaginary line passing 
through the second toe, and, by means of their insertions into the aponeuroses 
of the Extensor tendons, assist in flexing the proximal phalanges and extending 
the middle and distal phalanges. 



BLOOD VASCULAR SYSTEM 


rilHE vascular system is divided for descriptive purposes into (a) the blood- 
X vascular system, comprising the heart and bloodvessels through which 
the blood circulates ; and (6) the lymphatic system, consisting of lymph-glands 
and lymphatic vessels, through which a colourless fluid, termed the lymph, 
circulates * The two systems communicate with each other and are iutimately 
associated developmentally. 

The heart, the central organ of the blood- vascular system, is situated within 
the thorax. It is a hollow, muscular organ, by the contraction of which the 
blood is pumped to all parts of the body through a comphcated series of tubes, 
termed arteries. The arteries ramify extensively in their course throughout 
the body, and end in minute vessels, called arterioles, which open mto a close- 
meshed network of microscopic vessels, named capillaries. After the blood has 
passed through the capillaries it is collected into a series of minute vessels, 
called venules, which join with one another to form veins : the veins unite with 
one another, and ultimately two large venous trunks, named the superior and 
inferior venae cavse, are formed which return the blood to the heart. While the 
blood is passing through the capillaries a transudation of certain of its fluid 
elements takes place into the tissue-spaces. In proportions which vary accord- 
ing to the metabolic conditions, this fluid is taken up partly by the capillaries 
by a process of reabsorption, and partly by the lymph vessels, which return it 
to the large veins at the root of the neck. The passage of the blood through 
the heart and blood-vessels is termed the circulation of the blood, of which the 
following is an outline. 

The heart is divided into four chambers, of which two are receiving and two 
are distributing chambers. The right and left atria receive the blood from the 
great veins and expel it into the right and left ventricles. From the ventricles 
the blood is pumped into the arterial system and carried to the various organs 
of the body. Although each atrium communicates freely with the corresponding 
ventricle, the right and left chambers of the heart are separated from one 
another by partitions or septa, and they do not communicate with one another 
after birth in normal subjects. The superior and the inferior venae cavae bring 
to the right atrium blood which has become deoxygenated and has taken up 
carbon dioxide during its circulation through the tissues of the body. From the 
right atrium the blood passes into the right ventricle, by which it is expelled into 
the pulmonary artery to be conveyed to the right and left lungs. As it circulates 
through the pulmonary capillaries the blood is brought into close relationship 
with the air in the lungs, and it gives off some of its carbon dioxide content and 
acquires a fresh supply of oxygen. Ee-coUected by the pulmonary veins the 
freshly oxygenated blood is returned to the left atrium of the heart and passes 
into the left ventricle. With each beat of the heart the left ventricle pumps its 
contents into a large artery termed the aorta, which distributes blood through its 
numerous branches to aU the tissues and organs of the body with the exception 
of the lungs. 

The course of the blood from the left ventricle through the body generally 
to the right side of the heart constitutes the greater or systemic circulation, 
while its passage from the right ventricle through the lungs to the left side of 
the heart is termed the lesser or pulmonary circulation. 

It is necessary, however, to point out that the blood which circulates through 
the spleen, pancreas, stomach, small mtestine and the greater part of the large 
intestine is not returned directly from these organs to the heart, but is con- 
veyed by the portal vein to the liver. In the liver this vein divides like an 
artery, and ultimately ends in capillary-hke vessels (sinusoids), from which the 
rootlets of the hepatic veins arise ; the hepatic veins carry the blood into 
the inferior vena cava, which conveys it to the right atrium. This constitutes 
the portal circulation, Sbnd it will, be understood that the blood supplied to the 

• The blood and lymph are described on pp. 28 to 31. 
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above-named viscera passes through two sets of minute vessels before reaching 
the inferior vena cava : (1) the capiQaries in the spleen, pancreas, stomach, etc., 
draining into the portal vein, and (2) the sinusoids in the liver, draining into 
the hepatic veins. The passage through two sets of capillaries enables the blood 
to take up products of digestion from the alimentary canal and to convey them 
to the liver cells, where sugar is stored in the form of glycogen. 

It should be stated that, in addition to the normal capillaries, communica- 
tions exist between the smaller arteries and veins in the skin of the hands and 
feet.* These communications are of great importance in the regulation of 
body temperature, both local and general, as the communicating vessels are 
able to dilate or to become constricted and so determine the amount of flow 
through the capillaries at any given time. 


THE STRUCTURE OF THE BLOOD-VESSELS 

The arteries (figs. 666, 668). — ^The wall of an artery consists of three coats, viz. an in- 
ternal ov tunica intima, a middle or tunica media, and an external or tunica adventitia. The 
external coat is tougher than the other two, which are ruptured when a ligature is tied round 
the vessel, and, in virtue of their elasticity, become retracted from the site of the ligature. 

The tunica intima consists of (a) an internal layer of flattened cells, (h) beneath these, a 
small quantity of loose connective tissue, and (c) an elastic lamina. The flattened endothelial 

cells are fusiform in shape with their long 

Fra. 666.-A transverse section through an axes paraUel to the long axes of the 

artery and a vein, of a child aged 13 months. blood-vessels. Each cell possesses a 

Stained with hasmatoxylin and eosin. x 20. nucleus, and is attached to adjacent 

cells by cement-substance which re- 
duces silver nitrate. The connective 
tissue layer is very thin, and contains 
branched cells, and in the larger 
arteries, fine elastic fibres with some 
longitudinal unstriped muscular fibres 
{musculO’dastic layer of intima) ; this 
layer increases in thickness with in- 
creasing age. The elastic lamina is 
built up of longitudinally arranged 
elastic fibres fused together, and is 
usually fenestrated, having round or 
oval apertures at irregular intervals. 

In a transverse section of an artery 
it appears as a characteristic wavy 
line, owing to the contracted condition 
of the empty vessel. 

The tunica media, in the smaller 
and medium-sized arteries, consists 
principally of smooth muscular fibres 
arranged circularly round the vessel ; 
the fibres have well-marked, rod-shaped 
nuclei. In the smallest arteries the 
middle coat is composed entirely of 
smooth muscular fibres (fig. 666). Li medium-sized arteries (fig. 668) there are in addition 
elastic fibres and fine elastic membranes lying between the layers of muscular fibres. 
In the larger arteries, such as the iliac and carotid, the proportion of elastic tissue is 
greatly increased, and in the aorta relatively thick elastic laminas form the greater part 
of the thickness of the middle coat. 

The tunica adventitia consists mainly of fine and closely felted bundles of white con- 
nective tissue ; in all but the smallest arteries it contains some elastic fibres. The elastic 
tissue is most abundant next the tunica media, and it is sometimes described as formiug, 
between the adventitia and media, a special layer — ^the tunica dcbstica externa ; this 
layer w most marked in arteries of medium size. In the largest vessels the external coat 
is relatively thm. From the medium-sized to the smaller arteries it diminishes gradually 
in thickness ; in the smallest arteries the elastic fibres are wanting, and the connective 
tissue, of which the coat is composed, becomes more homogeneous the nearer it approaches the 
capillaries, and is gradually reduced to a thin membranous envelope, which finally disappears. 

T? ^ Archivf. MihrosJcop. Anat., Bd. XIIL, 1877 ; and R. T. Grant and 

E. F. Bland, Heart, vol. xv. 1929-31. 
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Fig. 667. — small artery and vein, from 
the pia mater of a sheep, x 250. 


Some arteries have extremely thin walls in proportion to their size ; this is especially 
the case in those situated within the cranium and vertebral canal, where the external and 
middle coats of the arteries are reduced in 
thickness. 

The arteries, in their distribution through- 
out the body, are enclosed in thin fibro-areolar 
sheaths. An artery is loosely connected with 
its sheath by delicate areolar tissue ; and 
the sheath usually encloses the accompanying 
veins, and sometimes a nerve. 

The larger arteries are supplied with blood- 
vessels. These nutrient vessels, called the 
vasa vasorum, arise from branches of the artery 
itself, or of a neighbouring vessel, at some 
considerable distance from the points at 
which they are distributed ; they ramify in 
the loose areolar tissue connecting the arteiy 
with its sheath, and are distributed to the ex- 
ternal coat ; in man they do not penetrate 
the other coats ; but in some of the larger 
mammals a few vessels have been traced into 
the middle coat. Minute veins return the 
blood from these vessels ; they empty them- 
selves into the vein or veins accompanying 
the artery. Lymph vessels are also present 
in the outer coat. 

Arteries are also supplied with nerves, 
which form intricate plexuses upon the sur- 
faces of the larger trrniks, and run along the smaller arteries as single filaments, or bundles 
of filaments. Most of the nerve-fibres are non-meduUated, and are derived from the 



Surface view above the interrupted line ; 
section below. Artery in red ; 


optical 
vein in blue. 


Fig. 668. — ^A transverse section through the wall of a femoral artery of a dog. x 250. 
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sympathetic system, but some are meduUated. The non-meduUated fibres are mostly 
efferent, and end in the middle coat. The meduUated fibres are believed to be afferent 
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and are distributed to the outer and inner coats. Lamellated corpuscles (Pacinian cor- 
puscles) are occasionally found in the outer coat of the aorta. 

The capillaries. — ^The arterioles (excepting those of the cavernous structure of the 
sexual organs, of the splenic pulp, and of the placenta), subdivide into minute vessels named 
capillaries which are interposed between the arterioles and the venules, and constitute a 
network, the branches of which maintain the same diameter throughout. 

The diameters of the capillaries vary in the different tissues of the body, the usual size 
being about 8 ^ when the blood is circulating. The smallest are found in the brain and in 
the mucous membrane of the intestines ; the largest in the skin, and in the marrow of bone, 
where they may have a diameter of 20 ft. 

The farm of the capillary network varies in the different tissues, the meshes being 
either round or elongated. Round or angular meshes are most common, and prevail where 
there is a dense network, as in the Itmgs, in most glands and mucous membranes, and in 
the cutis. Elongated meshes occur in muscles and nerves, the long axis of the mesh 
running parallel with that of the muscle or nerve. Sometimes the capillaries have a looped 
arrangement, as in the paphlse of the tongue and skin. 

The number of the capillaries and the size of the meshes determine the degree of vascu- 
larity of a part ; the smallest meshes are found in the lungs and in the chorioid coat of the 
eye. As a general rule, the more active the function of the organ, the closer is its capillary 
net and the larger its supply of food. Pew blood-vessels are present in tendons, because 
of the low metabolic rate of the tissue of which they are composed. 

Structure. — ^The wall of a capillary consists of flattened cells joined edge to edge 
by cement-substance, and continuous with the endothelial cells which line the arteries and 

vems. When stained with nitrate of silver, the material 

Fid. 669.— Capillaries from the epithelial cells is dis- 

- played, thus showing the outlines of the cells (fig. 669). 
These cells are of large size and of an irregular poly- 
gonal or lanceolate shape, each containing an oval 
nucleus, which may be displayed by staining with 
carmine or haematoxylin. Between their edges, at 
various points of their meeting, rounded, dark spots 
are sometimes seen, which have been described as 
stomata, though they are closed by intercellular sub- 
stance. By some they are believed to be the situa- 
tions through which the colourless corpuscles of the 
blood, when migrating from the blood-vessels, emerge ; 
but this view is not universally accepted. 

In developing capillaries, and in the capillaries of 
the glomeruli of the kidneys, the intestinal villi and 
the chorioid coat of the eye, intercellular cement cannot 
be demonstrated, and the cells are believed to form a 
syncytium. 

In many situations a delicate sheath or envelope 
of branched, nucleated, connective tissue cells is found 
around the simple capillary tubes, particularly the 
larger ones ; and in other places, especially in the 
glands, the capillaries are invested with retiform con- 
nective tissue. 

Rouget (1873) * described a special variety of un- 
striped muscle ceU placed at intervals along certain 
capillaries. The cells are almost transparent and have 
long, branching thread-like processes which run round 
the circumference of the capillary tube and by their 
contraction cause a local constriction of the vessel (fig. 670). ‘ Eouget cells ’ have been 

described {a) on some capillaries in certain situations in amphibia and (6) in some capillaries 
of the mammal, during certain stages of development. Indisputable evidence has not been 
adduced to enable one to accept their presence anywhere on a vessel less than about 10 g. 
in diameter, or on fuUy formed mammalian capillaries.f 

The sinusoids. — ^In the heart, the liver, the suprarenal and parath 3 rroid glands, and in 
the carotid and coccyggeal bodies, the smallest blood-vessels differ from true capillaries. 
They are wider, with an irregular lumen, and have no connective tissue covering, their 
endothelial cells being in direct contact with the cells of the organ. Moreover, their walls 
are often incomplete. These vessels have been called sinusoids by Minot. They are formed 
by columns of cells or trabeculae pushing their way into a large blood-vessel or blood-space 
and carrying its endothelium before them ; at the same time the wall of the vessel or space 
grows out between the columns of cells. 

* A, Physiol norm, etpaih. p. 601. 

t Consult Th£> Anatomy and Physiology of Oapilla/ries, by August Krogh, 1924. 


mesentery of a guinea-pig, 
after treatment with a solu- 
tion of nitrate of silver. 
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The veins. — The walls of the veins, like those of the arteries, are composed of three 
coats — ^intemal, middle, and external ; and these are, with the necessary modifications, 
analogous to the coats of the arteries ; the internal being the endothelial, the middle the 

Fig. 670'. — Contractile cells of Rouget on the wall of a capillary of the tail of a 
salamander tadpole (Vimtrup). From The Endocrine Organs^ by permission 
of Sir E. Sharpey-Schafer. 



a, an expanded cell ; 6, a partially contracted cell which is causing the wall of its capillary to he 
diminished ; c, an erytlirocyte. 


muscular, and the external the connective tissue or areolar (fig. 666).’ The main difference 
between the veins and the arteries is in the comparative weakness of the middle coat in 
the former. 


In the smallest veins the three coats are difficult to distinguish (fig. 667). The endo- 
thelium is supported on a membrane separable into two layers, the outer of which is the 
thicker, and consists of a deficate, nucleated membrane (tunica adventitia), while the inner 
is composed of a network of 

longitudinal elastic fibres (tunica Fig. 671. — A transverse section through the wall of a 
media). In the veins next above femoral vein of a dog. x250. The elastic tissue is 
these in size (04 mm, in diam- not differentiated in this preparation. 


eter), a connective tissue layer 
containing numerous smooth 
muscular fibres circularly dis- 
posed forms the middle coat, 
while the elastic and connective 




.Tunica 

intima 

Tunica 

media 


tissue elements of the outer coat 
are more distinctly perceptible. 
In the middle-sized veins 
(fig. 666) the endothehum is of 
the same character as in the 
arteries, but its cells are shorter 
and broader. It is supported 
by a connective tissue layer, 
consisting of a dehcate network 
of branched cells, and external 
to this there is a layer of elastic 
fibres disposed in the form of a 
network in place of the definite 
fenestrated membrane seen in 
arteries. This constitutes the 



tunica intima. The tunica media is composed of a thick layer of connective tissue with 
elastic fibres, intermixed, in some veins, with a layer of smooth muscular fibres arranged 
circularly. The white fibres are in considerable excess, and the elastic fibres are in 
much smaller proportion in the veins than in the arteries. The tunica adventitia consists, 
as in the arteries, of areolar tissue with longitudinal elastic fibres. In the largest veins 
it is very much thicker than the tunica media, and contains a large number of 
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longitudinal muscular- fibres. . These are most distinct in the inferior vena cava, especially 
at the termination of this vein in the heart, in the trunks of the hepatic veins, in 
.all the large trunks of the porte.1 vein, and in the external iliac, renal and azygos 
veins. In the inferior vena cava, renal and portal veins they extend through the 
whole thickness of the outer coat, but in the other veins mentioned a layer of connective 
and elastic tissue is found external to the muscular fibres. The large veins which open 
into the heart are covered for a short, distance with a layer of cardiac muscle continued on 
to them from the heart. Muscular tissue is wanting — (1) in the veins of the maternal part 
of the placenta ; (2) in the venous sinuses of the dura mater and the veins of the pia mater ; 
(3) in the veins of the retina ; (4) in the veins of the spongy substance of bones ; (5) in the 
venous spaces of the corpora cavernosa and corpus spongiosum. The veins of the above- 
mentioned parts consist of an endothelial lining supported on areolar tissue. 

Most veins are provided with valves serve to prevent , the reflux of the blood 

(fig. 672). Each valve is formed by a reduplication of the inner coat, strengthened by 

connective tissue and elastic fibres, and is covered 
Fig. 672.— The upper portions of surfaces by endothelium, the arrangement 

of which differs on the two surfaces. On the sur- 
face of the valve next the wall of the vein, the cells 
are arranged transversely ; while on the other sur- 
face, over which the current of blood flows, the cells 
are arranged longitudinally in the direction of the 
current. Most commonly two such valves are found 
placed opposite one another, more especially in the 
smaller veins or in the larger trunks at the point 
where they are joined by smaller branches ; 
occasionally there are three, and sometimes only 
one. The valves are semilunar. They are attached 
by their convex edges to the wall of the vein ; 
the concave margins are free, directed in the course 
of the venous current, and lie in close apposition 
with the wall of the vein as long as the current of 
blood takes its natural course ; if, however, any 
regurgitation takes place, the valves become dis- 
tended, their opposed edges are brought into con- 
tact, and the current is interrupted. The wall of 
the vein on the cardiac side of the attachment of 
each valve is expanded uitb a pouch or sinus, which 
gives to the vessel, when injected or distended with 
blood, a knotted appearance. The valves are very 
numerous in the veins of the extremities, especially 
in the veins of the lower extremities, these vessels 
having to conduct the blood against the force of gravity. They are absent in the very 
small veins, i.e. those less than 2 mm. in diameter, also in the venae cavse, hepatic, renal, 
uterine and ovarian veins. The cerebral and spinal veins, the veins of the spongy tissue 
of bone, the pulmonary veins, and the umbihcal vein and its branches, are also 
destitute of valves. A few valves are found in each testicular vein, and one also at its 
termination. A few valves are occasionally found in the azygos and intercostal veins. 
Valves are present in the tributaries of the portal vein in the foetus and for a short time 
after birth ; as a rule they soon atrophy and disappear, but sometimes they persist in 
a degenerate form. 

The larger veins, like the arteries, are supplied with nutrient vessels, termed vasa 
vasorum. Nerves also are distributed to the veins in the same manner as to the arteries, 
but in much fewer numbers. 


the femoral and long saphenous 
veins laid open to show valves. 
About two-thirds of natural size. 



The Thoracic Cavity 

The shape and the skeletal walls of the thoracic cavity are described on 
pp. 238, 239. Its chief contents are the heart and the two lungs. 

The inlet of the thorax. — The parts which pass through the upper opening 
of the thorax are, from before backwards, in or near the median plane, the 
Sternohyoid and Sternothyroid muscles, the remains of the thymus, the inferior 
thyroid veins, the trachea, oesophagus, thoracic duct and the Longus cervicis 
(Longus colli) muscles ; laterally the innominate veins, the innominate artery, 
the left common carotid and left subclavian arteries, the internal mammary 
arteries and the superior intercostal arteries, the vagus, cardiac, phrenic, and 
sympathetic nerves, the greater parts of the anterior primary rami of the first 
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thoracic nerves, and the left recurrent laryngeal nerve. The apices of the 
lungs, covered by the pleurae, project through the inlet into the root of the 
neck. 

The outlet of the thorax is wider transversely than from before backwards. 
It slopes obliquely downwards and backwards, so that the thoracic cavity is 
much longer behind than in front. The Diaphragm (p. 555) closes the opening 
and forms the convex floor of the thorax. The floor is flatter at the centre 
than at the periphery, and higher on the right side than on the left ; in the 
dead body the right side of the floor reaches the level of the upper border of the 
fifth costal cartilage, while the left extends only to the corresponding part of 
the sixth costal cartilage. From the highest point on each side the floor slopes 
suddenly downwards to the costal and vertebral attachments of the Diaphragm ; 
this slope is more marked and longer behind than in front, so that only 
a narrow space is left between the Diaphragm and the posterior wall of the 
thorax. 

The thoracic cavity. — The capacity of the thoracic cavity does not correspond 
with its apparent size, because the lower part of the space enclosed by the ribs 
is occupied by some of the abdominal viscera. On the other hand, the fact 
that the thoracic cavity extends for a short distance into the neck above the 
anterior parts of the flrst ribs compensates for this difference to a slight extent. 
During life the size of the thoracic cavity is constantly varying with the move- 
ments of the ribs and Diaphragm. 

The thoracic cavity is divided into right and left halves by a septum, termed 
the mediastinum^ which stretches from the back of the sternum to the vertebral 
column, and extends from the thoracic inlet above to the Diaphragm below. 
The heart lies in the mediastinum, enclosed within a fibroserous sac, termed 
the pericardium ; the lungs occupy the right and left .halves of the thoracic 
cavity. Each lung is covered with a serous membrane, called the pleura^ which 
also hnes the wall of the corresponding half of the chest, and forms the lateral 
boundary of the mediastinum (fig. 682). 

For purposes of description the mediastinum is divided into a superior and 
an inferior part. The superior part extends downwards from the thoracic 
inlet as far as an oblique plane passing through the lower edge of the manu- 
brium sterni in front and the lower border of the fourth thoracic vertebra 
behind. The inferior part, below this plane, is subdivided into three. portions, 
viz. 2 , 11 . anterior in front of the pericardium, a posterior behind the pericardium 
and Diaphragm, and a middle, which contains the pericardium, the heart and 
the large vessels entering or leaving the latter (fig. 684).. Details of the contents 
of the different parts of the mediastuium are given with the description of the 
respiratory organs. 


The Peeicabdium 

The pericardium (fig. 673) is a conical, fibroserous sac, which contains the 
heart and the roots of the great vessels. It is placed in the mediastinum behind 
the body of the sternum and the cartilages of the ribs from the second to the 
sixth inclusive, and in front of the thoracic vertebrae, from the fifth to the 
eighth inclusive. 

The structure of the pericardium. — ^Although the pericardium is usually 
described as a single sac, an examination of its structure shows that it consists 
essentially of two sacs intimately connected with one another, but different 
in structure. The outer sac, known as the fibrous pericardium, consists of 
fibrous tissue. The inner sac, or serous pericardium, is a delicate membrane 
which lines the fibrous sac and covers the heart ; it is composed of a single 
layer of flattened cells resting on loose areolar tissue. The heart invaginates 
the wall of the serous sac from above and behind, and practically obliterates 
its cavity, the space being a potential one. 

Thie fibrous pericardium is a cone-shaped bag, the apex of which is truncated 
and continuous with the external coats of the great vessels, while its base is 
attached to the central tendon and to a small part of the muscular substance 
of the left half of the Diaphragm. In some of the lower mammals the base is 
either completely separated from the Diaphragm or joined to it by some loose 
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fibrous tissue ; in man much of its diaphragmatic attachment consists of loose 
fibrous tissue which can be readily broken down, but over a small area the 
central tendon of the Diaphragm and the pericardium are fused. Above, the 
fibrous pericardium not oifiy blends with the external coats of the great vessels, 
but is continuous with the pretracheal fascia (p. 538). The fibrous pericardium 
is also attached to the posterior surface of the sternum by a superior and an 
inferior sternopericardial ligament ; the superior passing to the upper end of the 
body, and the inferior to the lower end. By means of all these connexions it 
is securely anchored within the thoracic cavity. 


Fig. 673. — The posterior wall of the pericardial sac, showing the lines of reflection 
of the serous pericardium on to the great vessels. 


Right common carotid artery 



The vessels receiving prolongations from the fibrous pericardium are ; the 
aorta, the superior vena cava, the right and left pulmonary arteries, and the four 
pulmonary veins. The inferior vena cava, which enters the pericardium through 
the central tendon of the Diaphragm, receives no covering from the fibrous 
layer. 

The serous pericardium is, as already stated, a closed sac which lines the 
fibrous pericardium and is invaginated by the heart ; it therefore consists of 
a visceral and a parietal portion. The visceral portion, or epicardium^ covers 
the heart and the great vessels, and from the latter is continuous with the 
parietal layer, which fines the fibrous pericardium. The portion which covers 
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the vessels is arranged in the form of two tubes. The aorta and pulmonary 
trunk are enclosed in one tube ; the superior and inferior venae eavae and the 
four pulmonary veins are enclosed in a second tube, the attachment of which 
to the parietal layer is P -shaped. The cul-de-sac between the limbs of the P 
lies behind the left atrium and is known as the oblique sinus, while the passage 
between the aorta and pulmonary trunk, in front, and the atria, behind, is 
named the transverse sinus (fig. 673). 

Anteriorly, the pericardium is separated from the front wall of the thorax, 
in the greater part of its extent, by the lungs and pleurse ; but a small area, 
usually corresponding with the left half of the lower part of the body of the 
sternum and the sternal ends of the cartilages of the fourth and fifth ribs of 
the left side, is in direct relationship with the chest-wall. Until puberty or 
adolescence the lower end of the th3mius is in contact with the front of the upper 
part of the pericardium. Posteriorly, it rests upon the bronchi, the oesophagus, 
the oesophageal plexus of nerves, the descending thoracic aorta and the posterior 
part of the mediastinal surface of each lung. Laterally, it is covered by the 
pleurse, and is in relation with the mediastinal surfaces of the lungs ; the 
phrenic nerve, with its accompanying vessels, descends between the pericardium 
and the mediastinal pleura on each side. Inf&riorly, it is separated from the 
liver and the fundus of the stomach by the Diaphragm. 

The ligament of the left vena cava . — ^Between the left pulmonary artery and 
subjacent pulmonary vein is a triangular fold of the serous pericar&um, known 
as the ligament of the left vena cava. It is formed by the folding of the serous 
layer over the remnant of the left duct of Cuvier (left superior vena cava) 
(p. 158). The lumen of this duct is obliterated during foetal life, but its wall 
persists as a fibrous band stretching from the upper part of the left superior 
intercostal vein to the back of the left atrium, where it is continuous with a 
small vein, termed the oblique vein of the left atrium, which opens into the 
coronary sinus (fig. 676). 

The arteries of the pericardium are derived from the internal mammary 
arteries and their musculophrenic branches, and from the descending thoracic 
aorta ; its nerves are derived from the vagus and phrenic nerves, and the 
sympathetic trunks. 

Applied Anatomy . — ^Tluid effusions into the pericardial sac may cause serious embarrass- 
ment of the heart’s action, and paracentesis of the pericardium, and withdrawal of the fluid 
may be necessary. The puncture may be made in the fifth or sixth left intercostal space 
near the sternum, with care to avoid wounding the internal mammary artery that usually 
runs 1*25 cm. lateral to the sternal edge. Alternatively the exploring needle may be 
entered at the left costoxiphoid angle, and passed upwards and backwards into the peri- 
cardial sac. Curschmann recommends paracentesis in or lateral to the left mammary line 
in the fifth or sixth left interspace, in view of the fact that the fluid tends to collect at the 
sides of, and below, the heart rather than in front of it. 


The Heabt (Cor) 

The heart is a hollow, muscular organ of a somewhat conical form ; it lies 
between the lungs in the middle mediastinum (fig. 674), and is enclosed in the 
pericardium. It is placed obliquely in the chest behind the body of the sternu^ 
and adjoining parts of the rib cartilages, and proj,ects farther into the left th*^ 
into the right half of the thoracic cavity, so that about one-third of it is situated 
on the right of the median plane and two-thirds on the left (Plate XIII, fig, 1). 

Size. — The heart of the adult measures about 12 cm. from base to apex, 
8 to 9 cm. transversely at the broadest part, and 6 cm. anteroposteriorly. 
Its weight, in the male, varies from 280 to 340 grammes ; in the female, 
from 230 to 280 grammes. It continues to increase in weight and size up to 
an advanced period of life, and this increase is more marked in men than in 
women. 

Component parts. — ^As already stated (p. 661) the heart is divided into four 
chambers, viz. right and left atria, and right and left ventricles : the division 
is indicated on the surface of the heart by grooves or sulci. The atria are 
separated from the ventricles by the atrioventricular groove (coronary sulcus) ; 
this groove contains the trunks of the coronary vessels of the heart, and is 
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deficient in firont, where it is crossed by the root of the pulmonary trunk. The 
interatrial groove, separating the two atria, is scarcely marked on the posterior 
surface, while anteriorly it is hidden by the pulmonary trunk and aorta. The 
ventricles are separated by two grooves, termed the anterior and inferior 
interventricular grooves (longitudinal sulci) ; the former is situated on the 
sternocostal surface of the heart, near its left margin, the latter on the diaphrag- 
matic surface near the right margin ; these grooves extend j5:om the base of the 
ventricular portion to a notch, termed the incisura apids cordis, situated a 
little to the right of the apex of the heart. 

The base (fig. 676) is somewhat quadrilateral in form ; it faces backwards 
and to the right, and is separated from the fifth, sixth, seventh and eighth 


Fig. 674. — The heart and lungs. Anterior aspect. 



thoracic vertebrae by the pericardium, right pulmonary veins, oesophagus and 
aorta. It is formed mainly by the left atrium, and, to a small extent, by the 
posterior part of the right atrium. It is in relation above with the bifurcation 
of the pulmonary trunk, and is bounded below by the posterior part of the 
atrioventricular groove, containing the coronary sinus. On the right it is 
limited by the rounded right border of the right atrium, and on the left by the 
rounded left border of the left atrium. The four pulmonary veins, two on each 
side, open into the left atrium, whilst the superior vena cava opens into the 
upper part, and the inferior vena cava into the lower part, of the right atrium. 
The portion of the left atrium between the openings of the right and left 
pulmonary veins constitutes the anterior waU of the oblique sinus of the peri- 
cardium (p. 669). 

The apex, formed by the left ventricle, is directed downwards, for- 
wards and to the left, and is overlapped by the left lung and pleura : it 
Mes behind the left fifth intercostal space, about 8 cm, from the mid-stemal 
line, or, in the male, about 4 cm. below and 2 cm. to the medial side of the 
left nipple. 
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The sternocostal surface (fig. 677) is directed forwards, upwards and to the 
left. It consists of an atrial and a ventricular portion, the former being above 
and to the right, the latter below and to the left, of the anterior part of the 
atrioventricular groove. The atrial portion is almost entirely formed by the 
right atrium ; the greater part of the left atrium is hidden by the ascending 
aorta and pulmonary trunk (fig. 677), and only a small part of its auricle projects 
forwards on the left side of the pulmonary trunk. Of the ventricular portion, 
about one-third is formed by the left, and two-thirds by the right ventricle^ 
the line of separation between the ventricles being marked by the anterior 
interventricular groove. The sternocostal surface is separated by the peri- 
cardium from the body of the sternum, the Sternocostalis (Transversus thoracis) 
muscles and the cartilages of the third, fourth, fifth and sixth ribs ; owing to 


Fig. 675. — A section through the heart, showing the ventricular septum. 
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On the right side the atrioventricular orifice has been cut across. On the left side 
the section passes through the aortic orifice and in front of the atrioventricular orifice. 


the bulging of the heart towards the left side a much larger part of the surface 
lies behind the left than the right rib-cartilages. The sternocostal surface is 
also covered by the pleurae and the thin, anterior parts of the lungs, with the 
exception of a small, triangular area corresponding with the cardiac notch in 
the left lung. The base of this area is represented by a line in the median 
plane from the level of the fourth costal cartilages to the junction of the body 
of the sternum with the xiphoid process, and the sides by lines from a point 
•4 cm. medial to the apex of the heart to the upper and lower ends of the base line. 

The diaphragmatic surface (fig. 676), directed downwards and slightly 
backwards, is formed by the ventricles (chiefly by the left ventricle), and 
rests upon the central tendon and a small part of the left muscular portion 
of the Diaphragm. It is separated from the base by the posterior part of the 
atrioventricular groove, and is traversed obliquely by the inferior inter- 
ventricular groove. 

The left surface is directed upwards, backwards and to the left. It is formed 
almost entirely by the left ventricle, but a small part of the left atrium and the 
left auricle contribute to its formation superiorly. Convex from before back- 
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wards and from above downwards, it is widest above, where it is crossed by the 
atrioventricular groove, and narrowest at the apex. It is separated by the 
pericardium from the left phrenic nerve and its accompanying vessels, and by 
the left pleura from the deep hollow on the mediastinal surface of the left lung, 
below and in front of the hhum. 

The right margin of the heart, formed by the right atrium, is rounded and 
almost vertical ; it is situated behind the third, fourth and fifth right costal 
cartilages 1 -25 cm. from the margin of the sternum. 

The inferior or acute margin, formed almost entirely by the right ventricle, 
is nearly horizontal, and extends from the lower limit of the right border to the 
apex of the heart. 

The left or obtuse rriargin is rounded, and is formed mainly by the left 
ventricle, but to a slight extent, above, by the left auricle. It extends from the 


Fig-. 676. — ^The base and the diaphragmatic surface of the heart. 
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left auricle, obliquely downwards^ with a convexity to the left, to the apex of 
the heart, and separates the sternocostal from the left surface. 

The atrial septum. — partition, named the atrial septum (figs. 678, 682), 
intervened between the right and left atria, and is placed so obliquely that the 
right atrium lies in front and slightly to the right of the left atrium. 

The right atrium (figs 677, 678) is a somewhat quadrangular chamber which 
forms the right surface of the heart. The superior vena cava opens into its 
upper and posterior part and the inferior vena cava into its lower and posterior 
part. A small, conical, muscular pouch, termed the auricle, projects towards 
the left from its upper and anterior part and overlaps the right side of the 
root of the aorta. The margins of the auricle are notched, and its interior is 
encroached on by an irregular, muscular reticulum. 

In well fixed hearts the outer surface of the lateral wall of the atrium is 
marked by a shallow groove, termed the sulcus terminalis, which extends be- 
tween the right sides of the orifices of the superior and inferior venae cavae. It 
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corresponds in position with the crista terminalis on the inner surface and 
indicates the line of union of the atrium and the right horn of the sinus venosus, 
which is incorporated within the right atrium in the adult heart. 

Anteriorly, the right atrium is related to the anterior part of the mediastinal 
surface of the right Img and is separated from it by the pleura and the peri- 
cardium. Laterally, it is related to the mediastinal surface of the right lung 
in front of the hHum but is separated from it by the pleura, the right phrenic 
nerve and pericardiacophrenic vessels and the pericardium. Posteriorly and to 
the left, the right atrium is related to the left atrium and is separated from it 
by the atrial septum, which forms the posterior wall of the chamber ; posteriorly 
and to the right, it is related to the right pulmonary veins. Medially, it is 


Fig. 677. — ^The sternocostal surface of the heart. 
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related to the commencement of the ascending aorta and, to a lesser extent, 
to the root of the pulmonary trunk. 

The interior of the right atrium (fig. 678) presents the following parts for 
examination : 


Orifices 


Superior vena cava. 
Inferior vena cava. 
Coronary sinus. 
Foramina venarum 
minimarum. 


^ , r Valve of the inferior vena cava, 

a '^®®|ya;lve of the coronary sinus. 


iRight atrioventricular. 

Fossa ovalis. 

Annulus ovalis. 
Intervenous tubercle. 
Musculi pectinati. 
Crista terminahs. 


The superior vena cava (figs. 677, 678) returns the blood from the upper half 
of the body, and opens into the upper and posterior part of the atrium. Its 
orifice is directed downwards and forwards, and has no valve. 

The inferior vena cava (fig., 678), larger than the superior, returns the blood 
from the lower half of the body, and opens into the lowest part of the atrium 
near the atrial septum ; its orifice is guarded by a rudimentary valve, termed 
the valve of the inferior vena cava. 

The coronary sinus (fig, 676) returns the greater part of the blood from the 
substance of the heart. Its opening is placed between the orifice of the inferior 

G.A. Y 
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vena cava and the atrioventricular opening, and is protected by a thin, semi- 
circular valve, which is termed the valve of the coronary sinus. 

The foramina venarum minimarum are the orifices of minute veins {vence 
cordis minimce), which return a small quantity of blood directly from the 
substance of the heart. They are more numerous on the septal wall than 
elsewhere. 

The right atrioventricular orifice is the large opening between the right 
atrium and ventricle ; it is described with the right ventricle (p. 676). 

The valve of the inferior vena cava is situated in front of the orifice oLthe 
inferior vena cava. It is semilunar in form, its convex margin being attached 
to the anterior margin of the orifice ; its concave margin, which is free, ends 
in Wo cornua, of which the left is continuous with the anterior edge of the 
annulus ovahs (limbus fossae ovalis), while the right is lost on the wall of 


Fig. 678. — The interior, of the right side of the heart. 
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the atrium. The valve is formed by a duplication of the lining membrane of the 
atrium, enclosing a few muscular fibres. During foetal life this valve is of 
large size, and serves to direct the blood from the inferior vena cava into the 
left atrium, through an opening, named the foramen ovale, in the atrial septum. 
It varies considerably in size and it sometimes presents a cribriform or filament- , 
ous appearance ; occasionally it is absent. 

The valve of the coronary sinus (fig. 678) is a semicircular fold of the 
lining membrane of the atrium, which covers the lower .part of the orifice 
of the coronary sinus. It prevents the regurgitation of blood into the sinus 
during the contraction of the atrium. This valve may be double or it may be 
cribriform. 

The fossa ovalis (fig. 678) is an oval depression on the lower part of 
the septal wall of the atrium, above and to the left of the orifice of the 
inferior vena cava. It is formed by the septum primum of the fcetal heart 
(p.140). 

The annulus ovalis (limbus fossae ovalis) (fig. 678) is the prominent margin 
of the fossa ovahs. It is most distinct above and at the sides of the fossa ; 
below, it is deficient. Its anterior edge is continuous with the left horn of the 
valve of the inferior vena cava. A small, slit-like, valvular opening is occa- 
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sionally found, at the upper margin of the fossa, leading upwards, beneath the 
limbus, into the left atrium ; it is the remains of the foramen ovale between the 
two atria. 

The intervenous tubercle is a small projection on the posterior wall of the 
atrium, just below the orifice of the superior vena cava. It is distinct in the 
hearts of quadrupeds, but 

in man is scarcely visible.' pic. 679.— A transverse section through the ventricles 

Durmg foetal lite it may of the heart, 

direct the blood from the 
superior vena cava to- 
wards the right atrio- 
ventricular opening. 

The crista terminalis is 
a smooth, muscular ridge, 
which is placed in the 
lateral wall of the right 
atrium and extends from 
the right side of the 
orifice of the superior 
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embryo (p. 137) and de- 
marcates in the interior of the heart the atrium proper from the smooth- 
walled sinus venarum^ into which the great veins open. 

The musculi pectinati are nearly parallel muscular ridges which run forwards 
from the crista terminalis across the lateral and anterior walls of the right 
atrium, inclining towards the atrioventricular orifice. In the auricle they are 
connected to one another so as to form a muscular network. 

The right ventricle (figs. 678, 681, 682) extends from the right atrium nearly 
to the apex of the heart. Its anterosuperior surface is convex, and forms 
a large part of the sternocostal surface of the heart. In the greater part of its 
extent it is separated from the chest wall only by the pericardium, but the left 
pleura and, to a lesser extent, the anterior margin of the left lung are inter- 
posed both above and to the left side. Its inferior surface is fiattened and is 
related to the central tendon and the adjoining part of the Diaphragm, but is 
separated from it by the pericardium. Its left, or posterior, wall is formed by 
the ventricular septum, which bulges into the right ventricle, so that a trans- 
verse section of the cavity presents a crescentic outline (fig. 679). Its upper 
left angle forms a conical pouch termed the infundibulum (conus arteriosus), 
from which the pulmonary trunk arises. A tendinous band, which is named 
the tendon of the infundibulum, connects the posterior surface of the infundibu- 
lum to the aorta ; this tendon is continuous with the membranous part of the 
ventricular septum (p. 681). A prominent muscular ridge passes downwards 
and to the right from the posterior waU of the infundibulum, and intervenes 
between the atrioventricular and the pulmonary orifices (fig. 681). It is termed 
the infundibuloventricular crest, and it marks the lower limit of the bul- 
bar part of the right ventricle (p. 145). The wall of the right ventricle is 
thinner than that of the left, the proportion between them being as 1 to 3 ; it 
is thickest at the base, and gradually become^ thinner towards the apex of 
the ventricle. 

The interior of the right ventricle (fig. 681) presents the following parts for 
examination : 

Orifices(?'f * atrioventricular. • 
i Pulmonary trunk. 

Trabeculae carneae. Chordae tendineae. 


( Right atrioventricular 
or tricuspid. 
Pulmonary. 
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The right atrioventricular or tricuspid orifice is the large, oval aperture 
between the right atrium and the right ventricle. Situated at the base of 
the ventricle, it is encircled by a fibrous ring, covered with the lining mem- 
brane of the heart ; it is considerably larger than the left atrioventricular 
orifice, being sufficient to admit the tips of three or four fingers ; its circumfer- 
ence measures from 12 to 13 cm. It is guarded by the right atrioventricular 
(tricuspid) valve. 

The orifi^ of the pulmonary trunk k situated at the summit of the infundib- 
ulum, close to the ventricular septum ; it is circular inform, and has a diameter of 

about 3 cm. It is placed 
above and to the left of 
the atrioventricular open- 
ing, and is guarded by 
the pulmonary valve. 

The right atrioventric- 
ular {tricuspid) valve (figs. 
678, 681) ^ards the right 
atrioventricular orifice, 
and consists of three some- 
what triangular cusps, 
named, anterior, inferior 
and medial ; in the angles 
between the cusps small 
intermediate segments are 
sometimes seen. The ant- 
erior cusp, the largest, is 
interposed between the 
atrioventricular orifice 
and the infundibulum 
(conus arteriosus), while 
the medial cusp is in re- 
lation with the ventricular 
septum. Each cusp is 
formed by a duplicature 
of the lining membrane of 
the heart, strengthened by intervening layers of fibrous tissue. The central 
parts of the cusps are comparatively thick and strong, their marginal por- 
tions thin and translucent. Their bases are attached to the fibrous ring 
surrounding the atrioventricular orifice and are also joined to each other so 
as to form a continuous annular membrane, while their apices project into the 
ventricular cavity. Their atrial surfaces, directed towards the blood-current 
from the atrium, are smooth ; their ventricular surfaces, directed towards the 
wall of the ventricle, are rough and irregular and, together with the apices and 
margins of the cusps, give attachment to a numb^er of delicate, tendinous 
cords, which are termed the chordce tendinece. 

The trabeculce carnece are round or irregular muscular columns which project 
from the whole of the inner surface of the ventricle, with the exception of the 
infundibulum (conus arteriosus), the wall of which is smooth. They are of 
three kinds : some are mere ridges, others are fixed at their ends but free in 
the middle, while a third set {musculi papiUares) are continuous by their bases 
with the wall of the ventricle, while their apices project into the cavity, and 
give origin to the chordae tendinese, which pass to be attached to the segments 
of the tricuspid valve. There are two papUlary muscles, anterior and inferior 
(posterior) ; the anterior is the larger, and its chordae tendinese are connected 
with the anterior and inferior cusps of the valve ; the inferior papillary muscle 
sometimes consists of two or three parts, and its chordae tendinese are connected 
with the inferior and medial cusps. Some chordae tendinese also spring directly 
from the ventricular septum, or from small septal papillary muscles, and pass 
to the anterior and medial cusps. A muscular band, well-marked in sheep 
and some other animals, frequently extends from the ventricular septum to 
the base of the anterior papillary muscle and serves to convey the right fasciculus 
of the atrioventricular bundle (p. 684). From its attachments it may assist 


Fig. 680. — ^The heart. Superior aspect. 



The red lines indicate the lines along which the parietal layer of the serous 
pericardium becomes continuous with the epicardium. 
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in preventing over-distension of the ventricle, and so has been named the 
mo^rator band (fig. 681). 

The pulmonary valve (figs. 678, 680) consists of three semilunar segments or 
cusps, which are attached, by their convex margins, to the wall of the pulmon- 
ary trunk at its junction with the ventricle, their free borders being directed 


Fig. 681. — dissection of the ventricles, viewed from in front. (A. K. Maxwell.) 
From Quain’s Elements of Anatomy ^ 11th edition, vol. iv., part iii. The 
Heart, by Professor Thomas Walmsley, 1929. 


Anterior cusp 
of triaaspid 
valve 


Anterior papil- 
hry m. of 
right ventricle 


,***Left auricle 



Left cusp of pul‘ 


^Superior 
papillary 
m, of left 
ventricle 


Moderator band * 


****Jnferior papil- 
lary m. of left 
ventricle 


upwards into the lumen of the vessel. Two of the cusps are situated anteriorly 
(right and left) and the third is posterior. Each consists of a dupHcature of the 
lining membrane, with a little fibrous tissue interposed between the two 
endothelial layers. The free and attached margins are strengthened by 
tendinous fibres, and at the middle of the free margin there is a thickened 
nodule. Erom this nodule tendinous fibres radiate through the cusp to its 
attached margin, but are absent from two narrow crescentic portions, which 
are termed the lunuloe. These are placed one on each side of the nodule, and 
immediately adjoining the free margin. Opposite to the senulunar cusps the 
pulmonary trunk presents three slight dilatations or sinuses. 

The left atrium is rather smaller than the right, but its walls are thicker, 
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measuring about 3 mm. A small somewhat conical pouch, termed the'amcfe 
projects forwards from its upper left comer. 

The, cavity of the left atrium is formed to a large extent by the proximal 
parts of the pulmonary veins, which are incorporated during its development 
(p. 141). It is cuboidal in form, and extends to the right behind the right 
atrium, from which it is separated by the atrial septum. Anteriorly, and to 
the left, it is concealed by the roots of the pulmonary trunk and aorta. Its 
posterior aspect forms most of the base of the heart (p. 670) and lies in the 


Fig. 682. — A transverse section through the mediastinum at the level of the body 
of the seventh thoracic vertebra. 


Sternum 


Left lung 


Right I 


Right ventricle- 

Ventricular septum. 

Left ventricle. 
Left phrenic nerve. 
Mitral valve 


Pulmonary ligamenn 

Descending thoracic, 
aorta 



Anterioi' and medial 
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anterior wall of the oblique sinus of the pericardium. The two pulmonary 
vems open into it on each side. 

. , . ciuricle is somewhat constricted at its junction with the principal cavity ; 

It is longer, narrower and more curved than that of the right atrium, and its 
margms are more deeply indented. It is directed forwards on the left side of 
the p^monary trunk, and overlaps the root of this vessel. 

Tim interior of the left atrium (fig. 686) presents the following parts for 
examination : 


Orifices of the four pulmonary veins. 
Left atrioventricular orifice. 
Foramina venarum minimarum. 
Musculi pectinati. 


The puhT^ry veins, four in number, open into the upper part of the 
pos erior surface of the left atrium — two on each side of its middle line : their 
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orifices are not provided with valves. The two left veins frequently end by 
a common opening. 

The left atrioventricular orifice is the aperture between the left atrium and 
ventricle ; it is described below. 

The foramina venarum minimarum are the orifices of minute veins (vense 
cordis minimse) which return a small quantity of blood from the muscular 
substance of the heart. 

The musculi pectinati, fewer and smaller than those in the right atrium, are 
confined to the inner surface of the auricle. 

On the atrial septum a lunate impression may be seen, bounded below by 
a crescentic ridge, the concavity of which is directed upwards. The depression 
is just above the fossa ovalis of the right atrium. 


Fig. 683. — The base of the ventricles, after removal of the atria and the 
pericardium. From Quain’s Elements of Anatomy, vol. iv., part iii. 
The Heart, by Professor Thomas Walmsley, 1929. 
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The left ventricle is longer and more conical in shape than the right, and on 
transverse section its cavity presents an oval or nearly circular outline (fig. 679). 
It takes part in the formation of the sternocostal and left surfaces of the heart 
and is related to the mediastinal surface of the left lung, but the pericardium, 
the left phrenic nerve and pericardiacophrenic vessels, and the left pleura 
intervene between them. Inferiorly, it forms a large part of the diaphragmatic 
surface of the heart, and, anteriorly, it is separated from the right ventricle 
by the ventricular septum. It also forms the apex of the heart. Its walls 
are about three times as thick as those of the right ventricle. 

Its interior (figs. 681, 685) presents the following parts for examination : 


Orifices 


( Left atrioventricular. 
^Aortic 


Trabeculae camese. 


[Left atrioventricular or 
Valves] mitral. 

[Aortic. 

Chordae tendineae^ 


The left atrioventricular or mitral orifice is placed below and to the left of the 
aortic orifice. It is smaller than the right atrioventricular orifice, admitting the 
tips of two or three fingers ; its circumference measures a little over 10 cm. 
It is surrounded by a dense, fibrous ring and is guarded by the left atrio- 
ventricular or mitral valve. 

The aortic orifice is a circular aperture in front and to the right of the left 
atrioventricular orifice, from which it is separated by the anterior cusp of the 
mitral valve. Its orifice has a diameter of a little over 2-5 cm., and is guarded 
by the aortic valve. The portion of the ventricle immediately below the aortic 
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orifice is termed the aortic vestihulCy and possesses fibrous instead of muscular 
walls. 

The left atrioventricular or mitral valve (figs. 683, 685) is attached to the 
fibrous ring which encircles the left atrioventricular orifice in the same way as 
the tricuspid Talve is attached around the right atrioventricular orifice. It 
consists of two triangular cusps, formed by duplications of the lining membrane, 
strengthened by fibrous tissue and containing a few muscular fibres. The 
cusps are of unequal size, and are larger, thicker and stronger than those of the 


Fig. 684. — traxisverse section through the mediastinum at the level of the lower 
part of the body of the sixth thoracic vertebra. 


Pericardial cavity Sternum 


Might lung 




Might ventricle 

P 

Aortic valve 
Left phrenic nerve 

Left aurii 

Left vagus nerve 

f" 

Left bronchuaS 
Thoracic aorta. 



fii- Pighl auricU 

— Right atrium 

^ Right phrenic nerve 
Right pulmonary vein 

ight pulmonary artery 

Right bronchus 


Zeft atrium 

Oblique sinus 
y-Right vagus nerve 

(Esophagus 


Thoracic duct 


Azygos vein 
Sixth thoracio vertebra 


tricuspid valve. The larger cusp is placed in front and to the right between 
the atrioventricular and aortic orifices, and is known as the anterior cusp ; the 
smaller ot posterior cusp is placed behind and to the left of the opening. Two 
small cusps are usually found in the angles between the larger cusps. The 
cusps of the mitral valve are furnished with chordae tendineae, which are attached 
in a manner similar to those on the right side of the heart ; they are, however, 
thicker, stronger and less numerous. 

The aortic valve (figs. 680, 686) consists of three semilunar segments or cusps 
which surround the orifice of the aorta ; two are posterior (right and left), and 
one anterior. They are similar in structure, and in their mode of attachment, 
to the cusps of the pulmonary valve, but are larger, thicker and stronger; 
the lunulse are more distinct, and the nodules thicker and more prominent 
(fig. 686). Opposite the cusps the aorta presents three slight dilatations, termed 
the aortic sinuses, which are larger than those at the origin of the pulmonary 
trunk. 

The Prabeculce camece are of three kinds, like those in the right ventricle, but 
they are more numerous, and present a dense interlacement, especially at the 
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apex and upon the posterior wall of the ventricle. The papillary muscles are 
two in number, one [superior] springing from the sternocostal, the other 
[inferior] from the diaphragmatic wall ; they are of large size, and end in rounded 
extremities, from which the chordae tendineae arise. Chordae tendineae from 
each papillary muscle are attached to both cusps of the mitral valve. 

The ventricular septum. — The right ventricle is separated from the left by 
the ventricular septum (figs. 675, 690), which slopes obliquely from before back- 
wards and towards the right, and is curved with the convexity towards the 
right ventricle (fig. 679) : its margins correspond with the anterior and inferior 
interventricular grooves on the surface of the heart. The greater portion of 
the. septum is thick and muscular ; in its upper part, just below the junction 
of the anterior and right cusps of the aortic valve, there is a thin, fibrous area, 


Fig. 685. — The mterior of the left side of the heart. 



which is termed the membranous part of the ventricular septum (fig. 690). This 
part of the septum is small in extent and oval in outline. On its right side it is 
crossed near its centre by the upper part of the attached border of the medial 
(septal) cusp of the tricuspid valve, which divides it into anterior and posterior 
portions. The anterior part separates the two ventricles from each other 
and may occasionally be congenitally defective (p. 146) ; the posterior part 
(atrioventricular septum) intervenes between the aortic vestibule of the left 
ventricle and the right atrium near the anterior horn of the annulus ovalis 
(limbus fossae ovalis) (p. 146). Superiorly, the membranous part of the ven- 
tricular septum can be traced into the tendon of the infundibulum (conus 
arteriosus). 

Structure. — The heart consists of muscular fibres {myocardium), and of fibrous 
rings which serve partly for their attachment. It is covered with the 
visceral layer of the serous pericardium (epicardium), and lined with the 
endocardium. 

The endocardium is a thin, smooth, glistening membrane which lines the 
chambers of the heart, and is continuous with the lining membrane of the large 
blood-vessels ; by its reduphcations it assists in forming the valves. It consists 
of a layer of endothelial cells placed on a stratum of connective tissue and 
elastic fibres. 

The fibrous rings surround the atrioventricular and arterial orifices, and 
are stronger on the left than on’ the right side of the heart. The atrioventricular 

G.A. Y 2 
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rings sorve for the attachment of the muscular fibres of the atria and ventricles, 
and for the attachment of the atrioventricular valves. The interval between 
the aortic arterial ring, in front, and the atrioventricular rings, behind (fig. 683), 
is occupied by a tough mass of fibrous tissue, which represents the os cordis of 
some of the larger mammals and is termed the trigonum fibrosum dextrum. A 
similar, but smaller, mass of fibrous tissue, termed the trigonum fibrosum 

Fig. 686. — The aortic orifice laid open to show the aortic valve. 
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sinistrum, lies between the left side of the aortic arterial ring and the front of 
the left atrioventricular ring. The tendon of the infundibulum (conus arteriosus) 
has already been mentioned (p. 675). 

The fibrous rings - surrounding the arterial orifices serve for the at- 
tachment of the great vessels and their valves. Each ring receives, by its 
ventricular margin, the attachment of some of the muscular fibres of the 
ventricles; its opposite ‘margin presents three deep, semicircular notches, 
to which the middle coat of the artery is firmly fixed. The attachment 
of an artery to its fibrous ring is strengthened by the external coat of 

the artery and the epicard- 
Fig. 687.— The two vortices at the apex of the ium externally, and by the 

heart. (Mall.) endocardium internally. 

Vortex at apex of left ventricle ‘ Erom the margins of the 

semicircular notches the 
fibrous structure of the ring 
is continued into the seg- 
ments of the valves. The 
middle coat of the artery 
in this situation is thin, 
and the vessel is dilated 
to form the sinuses of 
the aorta and pulmonary 
trunk. 

The muscular structure of 
the heart consists of fibres which 
are transversely and longi- 
tudinally striated (p. 35), and 
present an exceedhigly intri- 
cate interlacement. They com- 
prise {a) the fibres of the atria, (6 ) the fibres ofthe ventricles and (c) the atrioventricular bundle. 

The fibres of the atria are arranged in two layers — a, superficial, common to both atria, 
and a deep, proper to each. The superficial fibres are most distinct on the front of the atria, 
across the bases of which they run in a transverse direction, forming a thin and incomplete 
layer ; some of them pass into the atrial septum. The deep fibres consist of looped and 
annular fibres. The looped fibres pass upwards over each atrium, and are attached by their 
extremities to the corresponding atrioventricular ring, in front and behind ; the annular 
fibres surround the auricles, and form annular bands abound the terminations of the veins 
and around the fossa ovalis. 
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Th.e fibres of the ventricles are arranged in a complex manner, and various accounts liave 
been given of their course and connexions ; the following description is based on that given 
by MacCallum.* They consist of superficial and deep layers, all of which, with the exception 
of two, are inserted into the papillary muscles of the ventricles. The superficial lasers 
comprise the following : (a) Fibres which spring from the tendon of the infundibulum 
(p. 675) and sweep downwards and towards the left across the anterior interventricular 
groove and around the apex of the 

heart, where they form a vortex 0 gg^ — ^ diagram of the superficial muscular 

(fig. 687) and pass upwards and in- fibres of the ventricles of the heart originating 

wards to terminate in the papillary in the tendon of the infundibulum. (After 

muscles of the left ventricle ; MacCallum.) 
those arising from the upper (an- 
terior) half of the tendon of the in- 
fundibulum pass to the inferior 
and septal papillary muscles, those 
from the lower (posterior) half to 
the superior papillary muscle. 

(b) Fibres which arise from the 
right atrioventricular rmg and run 
diagonally across the diaphragma- 
tic surface of the right ventricle 
and round its right border on to its 
sternocostal surface. There they 
dip beneath the fibres just de- 
scribed, and, crossing the anterior 
interventricular groove, wind 
around the apex of the heart and 
end in the inferior papillaiy muscle 
of the left ventricle, (c) Fibres 
which spring from the left atrio- 
ventricular ring, and, crossing the 
inferior interventricular groove, 
pass successively into the right 
ventricle and end in its papillary muscles. The deep layers are three in number ; they 
arise in the papillary muscles of one ventricle and, curving in an S -shaped manner, 
turn in at the interventricular groove and end in the papillary muscles of the other ventricle 
(fig. 689). The layer which is most superficial in the right ventricle lies next the lumen 

of the left, and vice versa. Those of the 
Fig. 689. — A diagram of the arrangement of the first layer almost encircle the right ventricle 
deep layers of the muscular fibres of the ventri- and, crossing in the septum to the left 
cles, as seen in a cross-section of the ventricles. 

(Based on MacCallum’s description.) 


the second layer have a less extensive 
course in the wall of the right ventricle 
and a correspondingly greater course in 
the left, where they join with the super- 
ficial fibres from the upper half of the 
tendon of the infundibulum (conus arteri- 
osus) to form the papillary muscles of the 
septum. Those of the third layer pass 
almost entirely round the left ventricle 
and unite with the superficial fibres from 
the lower half of the tendon of the in- 
fundibulum (conus arteriosus) to form the 
superior papillary muscle. The arrangement of these three layers ensures the synchronis- 
ation of ventricular systole and the closure of the atrioventricular valves. Besides the 
layers just described there are two bands which do not end in papillary muscles. One 
springs from the right atrioventricular ring, crosses in the atrioventricular septum, en- 
circles the deep layers of the left ventricle and ends in the left atrioventricular ring. 
The second band is apparently confined to the left ventricle ; it is attached to the left 
atrioventricular ring and encircles the portion of the ventricle adjacent to the aortic orifice.f 
A. Blackhall-Morison J draws attention to the existence of a set of fibres belonging to 
the left ventricular musculature and to the lower segment of the left atrium, and which 

* John Bruce MacCallum, Johns Hopkins Hospital Reports^ vol. ix. 
t Franklin P. Mall gives an account of his researches “ On the Muscular Architecture of 
the Ventricles of the Human Heart ” in the American Journal of Anatomy, vols. 11 and 13, 
t Edinburgh Medical Jomnal, Hew Series, vol. xxx. No. 9, September 1923. 



ventncle, unite with the superficial fibres 
from the right atrioventricular ring to form 
the inferior papillary muscle. Those of 





The right have be^ o^ed tie^ and portions of their waUs have been removed. 

Tile upper part of the medial cusp of the tncuspid valve has been excised. 

The sirm-atrial node, which is often called the ‘ pacemaker ’ of the heart, is 
situated on the right border of the opening of the superior vena cava in the 
upper part of the sulcus terminalis, where it is covered only with the epicardium 
and a little fat , the atTioventriculuT node lies above the orifice of the coronary 
smus m the amular and septal fibres of the right atrium. From the atrio- 
ventricular node the atrioventricular bundle passes upwards in the trigonum 
nbrosum dextrum until it reaches the posterior margin of the membranous 
part of the ventricular septum, and then turns forwards below it. In this 
situation it divides mto right and left fasciculi which straddle the muscular 
septum. These run down in the right and left ventricles, one on each side of 
the ventricular septum, covered with endocardium. The right fasciculus passes 
m 0 he moderator band, and breaks up into numerous strands, which end in 
an intricate network on the papiUary muscles and on the wall of the right 
ven ricle. The left fasciculus consists of two main strands, an anterior and a 
posterior which are distributed to the papfiiary muscles and the waU of the 
lett ventricle. Jn the ox the atrioventricular bundle and its divisions are 
enveloped in a sheath of connective tissue ; by injecting this sheath with Indian 
1 ^ the ramifications of the bundle can be demonstrated. In the human heart 
the sheath is not well developed ; it surrounds the bundle but not the fascicuH. 
The nodes and greater portion of the bundle consist of narrow, somewhat 
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have a triple insertion into the base of the aorta, close to the cusps of the aortic valve. 
The effect of the contraction of these fibres “ is to rotate the base of the aorta in the 
direction of the general ventricular twist in systole.” 

The atrioventricular bundle (fig. 690) is a direct, muscular connexion between 
the atria and the ventricles. It arises in association with two branching net- 
works of fine, striated muscle fibres, which differ from the cardiac muscle fibres 
in several features and are termed the sinu-atrial and atrioventricular nodes. 

Fig. 690. — schematic representation of the atrioventricular bundle. The 
course of the bundle is represented in red. 
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fusiform fibres, but the terminal strands of the bundle are composed of modified 
Purkinje’s fibres (fig. 691). No direct connexion between the two nodes has 
been proved to exist. 

Kent has described a second atrioventricular bundle in the right lateral wall of the 
heart, containing cardiac muscle-fibres, fine nerve-fibres, and fibres resembling those of 
Purkinje. 

A. Blackhall-Morison * has shown that in the sheep and pig the atrioventricular bundle 
“ is a great avenue for the transmission of nerves from the auricular to the ventricular 
heart ” ; large and numerous nerve- trunks enter the bundle and course with it. Branches 


Fig. 691. — ^Longitudinal section of the left fasciculus of the atrioventricular 
bundle from the heart of a cow. x 260. Note the incomplete striation of 
the cells of the fasciculus. Brawn from a microphotograph kindly lent by 
Professor B. M. Blair and Br. Francis Bavies. 



arise from these nerve- trunks and form plexuses around groups of Purkinje cells, and from 
these plexuses fine fibrils go to innervate individual cells. 

The sinu-atrial and atrioventricular nodes, the atrioventricular bundle and its right 
fasciculus, are supplied by the right coronary artery ; the left fasciculus of the bundle is 
supplied by both coronary arteries. 

Applied Anatomy . — Clinical and experimental evidence goes to prove that this bundle 
conveys impulses from the atrial septum to the ventricles, and much attention has been 
paid to it, because it may become fibrosed and lose much of its conducting power (heart- 
block). The condition is characterised by a slow pulse, a tendency to syncopal or epilepti- 
form seizures, and the fact that while the cardiac atria beat at a normal rate, the ventricles 
contract much less frequently. 

Vessels and Nerves. — The arteries supplying the heart are the right and left 
coronary branches of the aorta (p. 693) ; the majority of the veins are drained 
by the coronary sinus into the right atrium. 

The lymph vessels are described on p. 878. 

The nerves are derived from the cardiac plexus (p. 1149), which is formed 
by branches from the vagi and sympathetic. They are freely distributed 
both on the surface and in the substance of the heart, the separate nerve- 
filaments being furnished with small gangha. The atrioventricular bundle 
receives nerve-fibres from gangha in the atrial septum. Other gangha 
are found in relation with the sinu-atrial node, and supply it with nerve- 
filaments. 


Jouifnal of Anatomy and Physiology, vol. xlvi. 
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H. H. WooEard {Jmmal of Anatomy, vol. lx. 1926) has investigated, by the methylene 
blue method, the distribution of the cardiac nerves in the dog, cat, rabbit and guinea-pig. 
His chief conclusions are : 1. In the intracardiac gangha the types of cell, though varying 
in the disposition of the dendrites and in the mode of the ending of the preganglionic fibres, 
aE belong to the parasympathetic (fig. 692). 2. There is some evidence to show that the 

atria and the atrioventricular bundle are supphed by parasympathetic and sympathetic 
fibres, whEe the ventricular muscle is supplied by sympathetic fibres only. 3. The fibres 
spin a plexus about the muscle-ceU, and ultimately enter the protoplasm of the muscle 
and run in the protoplasmic coimexions of the muscle ; smaE endings, often perinuclear 
in position', are given off inside the muscle- cell. 4. The valves, the subendocardial and 
the subepicardial tissues are innervated by a very fine plexus of nerves which, for the 
most part, belongs to the sympathetic system. 5. The larger branches of the coronary 
arteries are predominantly innervated by sympathetic, the finer branches by parasympath- 
etic, fibres. 

Fig. 692. — ^Nerves and ganglia from the posterior surface of the left atrium of a 
dog. Methylene blue preparation, x 55. H. H. Woollard. 


Preganglionic fibres 



The cardiac cycle and the actions of the valves. — By the contractions of the 
heart the blood is pumped through the arteries to all parts of the body. These 
contractions occur regularly and at the rate of about seventy per minute. Each 
wave of contraction or jperiod of activity is followed by a period of rest, the two 
periods constituting what is known as a cardiac cycle. 

Each cardiac cycle consists of three phases, which succeed one another as 
follows : (1) a short, simultaneous contraction of both atria, termed the atrial 
systole, followed, after a slight pause, by (2) a simultaneous, but more prolonged, 
contraction of both ventricles, named the ventricular systole, and (3) a period 
of rest, or diastole, during which the whole heart is relaxed. The atrial con- 
traction commences at the sinu- atrial node, and sweeping over the atria forces 
their contents through the atrioventricular openings into the ventricles, 
regurgitation into the veins being prevented by the contraction of their 
muscular coats. When the ventricles contract, the atrioventricular valves, are 
closed, and prevent the passage of the.blood back into the atria ; the papillary 
muscles at the same time are shortened, and, p ulling on the chordae tendineae, 
prevent the inversion of the valves into the atria. As soon as the pressure in 
the ventricles exceeds that in the pulmonary trunk and aorta, the valves 
guarding the orifices of these vessels are opened, and the blood is driven from 
the right ventricle into the pulmonary trunk, and from the left ventricle into the 
aorta. The moment the systole of the ventricles ceases, the pressure of the 
blood in the pulmonary trunk and aorta closes the pulmonary and aortic valves, 
thus preventing regurgitation of blood into the ventricles, and the valves remain 
shut until re-opened by the next ventricular systole. During the period of 
rest the tension of the atrioventricular valves is relaxed, and blood flows from 
the veins through the atria into the ventricles. The filliug of the ventricles is 
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completed by the systole of the atria. The average duration of a cardiac cycle 
is about of a second, made up as foUows : 

Atrial systole, Atrial diastole. 

Ventricular systole, 3 ^. Ventricular diastole, 

Total systole, 3 ^. Complete diastole, 

The rhythmical action of the heart is muscular in origin — ^that is to say, 
the heart-muscle possesses the inherent property of contraction apart from any 
nervous stimulation. The more embryonic the muscle the better is it able to 
initiate the contraction wave, and the normal systole of the heart starts at the 
sinu-atrial node, where the muscle is most embryonic in nature : for this reason 
the sinu-atrial node has been called the ^pacemaker ’ of the heart. A slight 
pause occurs between the systole of the atria and that of the ventricles. This 
is due to the fact that the contraction of the ventricles is excited by an impulse 
conveyed by the atrioventricular bundle, conduction along the fibres of 
which is relatively slow. The nerves, although not concerned in originat- 
ing the contractions of the heart-muscle, play an important role in 
regulating their force and frequency in order to subserve the physiological needs 
of the organism. 

Applied Anatomy , — ^Wounds of the heart are often immediately fatal, because, when 
blood is effused into the pericardial sac, it presses on the thin- walled atria and mechanically 
hampers the cardiac muscle. Such penetrating wounds, however, are not necessarily fatal, 
as many cases have been recorded in which the wound has been sutured successfully. On 
the other hand, non-penetrating wounds may prove fatal, if one of the coronary arteries 
has been divided or if pericarditis supervenes. 


The Ecetal Circitlation (fig. 693) 

The foetal blood is carried to the placenta by the umbilical arteries, and 
returned from the placenta to the foetus by the two umbilical veins. These 
veins unite in the umbilical cord to form a single vein (vena umbilicalis impar) 
which enters the abdomen at the umbilicus, and passes in the free margin 
of the falciform ligament to the visceral surface of the liver, where it gives 
off two or three branches to the left lobe, and others to the lobus quadratus. 
At the porta hepatis it joins the left branch of the portal vein, from which, 
opposite this point, a large vessel arises and ascends on the. posterior aspect 
of the liver to join the left hepatic vein immediately before that vessel opens 
into the inferior vena cava. This vessel is termed the ductus veuosus. During 
foetal life the portal vein is small compared with the umbilical vein, and the 
proximal and distal parts of its left branch actually function as branches of 
the latter vessel (fig. 693). It will be seen therefore that the blood conveyed 
by the left umbilical vein passes to the inferior vena cava in three different 
ways. Some enters the liver directly and is carried to the inferior vena cava 
by the hepatic veins ; a considerable quantity circulates through the liver with 
the portal venous blood, before entering the inferior vena cava by the hepatic 
veins ; the remainder passes into the inferior vena cava through the ductus 
venosus. 

In the inferior vena cava, the blood carried by the ductus venosus and 
hepatic veins mixes with that returning from the lower limbs and from the 
abdominal wall It enters the right atrium, and, guided by the valve of the 
inferior vena cava, passes through the foramen ovale into the left atrium, where 
it mingles with a small quantity of blood returned from the lungs by the pulmon- 
ary veins. From the left atrium it passes into the left ventricle, and from that 
cavity into the aorta, through the branches of which it is probably distributed 
almost entirely to the head and the upper limbs, only a small quantity being 
carried into the descending aorta. The blood from the head and the upper 
limbs is returned by the superior vena cava to the right atrium, where it mixes 
with a small portion of that returned by the inferior vena cava. From the 
right atrium the blood passes into the right ventricle, and thence into the 
pulmonary trunk. - The lungs of the foetus being inactive, only a small quantity 
of the blood conveyed by the pulmonary trunk is distributed to them by the 
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rifflit and left pulmonary arteries, and returned by the pulmonary veins to 
the left atrium : the greater part passes through the ductus arteriosus iato 
the aorta where it mixes with the small quantity of blood transmitted by the 
left ventricle into this part of the aorta. It descends through the aorta and 


Fig. 693 .— a plan of the foetal circulation. 



la this plan the arrows represent the course which the blood takes in the heart and vessels. 


is in part distributed to the lower limbs and to the viscera of the abdomen 
and pelvis, but most of it is conveyed by the umbilical arteries to the 
placenta. 

From the preceding account of the circulation of the blood in the foetus the 
following facts will be inferred : 1 . The placenta serves the purposes of nutrition 
and excretion, receiving the impure blood from the foetus, and returning ft 
purified and charged with nutritive material. 2. Some of the blood of the left 



Fig. 1. — Radio- 
graph of heart. An- 
terior view. The 
arrow points to the 
arch of the aorta. 


Fig. 2. — Radio- 
graph of the thorax, 
showing the sha- 
dows thrown by the 
female breasts. 




PLATE XIV 



Radiograph showing the" oesophagus during the passage of a barium meal. 
Xote that in the upper part of the oesophagus longitudinal folds in the mucous 
membrane can be identified. The upper arrow points to the shadow of the 
right bronchus ; the lower arrow indicates the tenth thoracic vertebra. Note 
that the lower part of the oesophagus inclines forwards away from the verte- 
bral colmnn. 
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umbilical vein traverses the liver before entering the inferior vena cava ; this 
is correlated with the relatively large size of the liver, especially at an early 
period of foetal life. 3. Only the pulmonary veins open directly into the left 
atrium, and the volume of blood which enters it from this source is very small. 
On the other hand, the volume of the blood entering the right atrium is much 
greater, and the pressure within that chamber is much higher than the pressure 
in the left atrium. As a result, the flap-like septum primum (p. 141) is thrust 
over to the left (fig. 184, D) and the passage of blood from the right to the left 
side of the heart is effected easily. The valve of the inferior vena cava is placed 
so as to enable it to direct the current of blood which issues from that vessel 
to the foramen ovale and so to the left atrium, whereas the blood entering the 
right atrium from the superior vena cava passes directly into the right ventricle. 
At an early period of foetal life it is probable that these two streams are quite 
distinct, for the inferior vena cava opens almost directly mto the left atrium, 
and the valve of the inferior vena cava would exclude the current from the 
right ventricle. At a later period, as the separation between the two atria 
becomes more marked, it is probable that some mixture of the two streams 
takes place. 4. The pure blood carried from the placenta to the foetus, mixed 
with the blood from the portal vein and inferior vena cava, passes almost 
directly to the arch of the aorta, and is distributed by the branches of that 
vessel to the head and the upper limbs. 5. The blood contained in the descending 
aorta, chiefly derived from that which has already circulated through the head 
and the upper limbs, together with a small quantity from the left ventricle, is 
distributed to the abdomen and the lower hmbs. 


The Changes m the Vascular System at Birth 

At birth, when respiration is established, an increased amount of blood from 
the pulmonary trunk passes through the pulmonary arteries to the lungs, and 
a correspondingly increased amount returns by the pulmonary veins to the 
left atrium. The pressures within the two atria become equalised, and the 
foramen ovale, which is valve-like in character, is closed by the apposition, and 
later by the fusion, of the septum primum to the septum secundum (fig. 184). 
Not infrequently the fusion is incomplete and a small communication between 
the two atria may persist throughout Ufe. Such a communication has no 
functional significance as, owing to the equality of the intra-atrial pressures 
and the valve-like arrangement of the opening, no blood can pass from one 
side to the other. 

When the umbilical cord is ligatured and the placental circulation is cut 
off, the umbilical vein becomes thrombosed and is gradually converted into a 
fibrous cord which constitutes the ligamentum teres of the liver. The ductus 
venosus also becomes obliterated, but the reasons for its obliteration are not 
so obvious and may possibly be associated with the alteration in the position 
of the liver brought about by the establishment of the respiratory move- 
ments. Its fibrous remnant is found in the adult as the ligamentum venosum 
of the hver. 

The closure of the ductus arteriosus is an essential but, probably, a gradual 
process, taking some months to complete. Before birth the vessel is the direct 
continuation of the pulmonary trunk, but when the right and left pulmonary 
arteries dilate to carry ad^tional blood to the lungs, it becomes a ' backwater ’ 
and its direction is altered by the rotation of the heart to the left (p. 146). 
Ultimately it forms an impervious cord which connects the left pulmonary 
artery near its origin to the arch of the aorta and is termed the ligamentum 
arteriosum. Following ligature of the umbilical cord, the umbilical or hypo- 
gastric arteries become thrombosed from the point at which they give off their 
last branches — ^the superior vesical arteries — ^to the umbilicus, and are sub- 
sequently converted into fibrous cords, which lie in the extraperitoneal fatty 
tissue of the lower part of the anterior abdominal wall and produce the lateral 
umbilical folds of peritoneum. 
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THE ARTERIES 

The distribution of the systemic arteries is like a highly branched tree, the 
common trunk of which, formed by the aorta, commences at the left ventricle, 
while the smallest ramifications extend to the viscera and to the peripheral 
parts of the body. Arteries are found in aU parts of the body, except in the 
hairs, nails, epidermis, cartilages and corneae ; the larger trunks usually occupy 
protected situations, running, in the Hmbs, along the flexor surfaces, where they 
are less exposed to injury. 

There is considerable variation in the mode of division of the arteries : 
occasionally a short trunk subdivides into several branches at the same point, 
as in the coeliac artery and the thyrocervical trunk ; more usually the vessel 
gives off several branches in succession, and still continues as the main trunk, 
as in the arteries of the limbs. 

A branch of an artery is smaller than the trunk from which it arises ; but 
if an artery divides into two branches, the combined sectional area of the two 
vessels is, in nearly every instance, somewhat greater than that of the trunk ; 
and the combined sectional area of all the arterial branches greatly exceeds 
that of the aorta. 

Arteries do not always end in capillaries ; in many cases they unite with 
one another, forming what are called anastomoses. Anastomosis between trunks 
of nearly equal size is found in the brain, where the two vertebral arteries 
unite to form the basilar artery, and the two anterior cerebral arteries are con- 
nected by the anterior communicating artery ; and in the abdomen, where the 
intestinal arteries have free anastomoses between their larger branches. In 
the limbs, the anastomoses are largest and most numerous around the joints ; 
the branches arising from an artery above a joint uniting with branches from the 
vessels below it. These anastomoses' are of considerable interest to the surgeon, 
as it is by then enlargement that a collateral circulation is established after the 
application of a ligature to a main artery. Prom the practical point of view, 
the importance of any individual arterial anastomosis depends on the distance 
which separates the points of origin of the anastomosing vessels. The smaller 
branches of arteries anastomose more frequently than the larger ; and between 
the smallest twigs these anastomoses may be so numerous that they constitute 
a close network. In certain regions of the body, for example, the spleen, the 
kidney and certain parts of the brain, there are arteries which have no 
anastomoses with their neighbours except through the agency of the capillaries, 
and are therefore called end-arteries. If an artery of this type be occluded, 
serious nutritional disturbances resulting in death (necrosis) will occur in the 
tissues supplied by the vessel. 


The PxjIiMOnajry Trunk 

The pulmonary trunk (figs. 695, 697) conveys deoxygenated blood from the 
right ventricle of the heart to the lungs. It is about 5 cm. in length and 3 cm. 
in diameter, and arises from the infundibulum (conus arteriosus) of the right 
ventricle. It runs upwards and backwards, at first in front of the ascending 
aorta, and then to its left side. In the concavity of the aortic arch it divides, 
at the level of the fifth thoracic vertebra, into right and left pulmonary arteries, 
which are of nearly equal size. 

Relations. — The whole of the pulmonary tr unk is contained within the 
pericardium. It and the ascending aorta are enclosed in a common tube of 
the visceral layer of the serous pericardium. The fibrous layer of the peri- 
cardium is gradually lost upon the external coats of the two pulmonary 
arteries. In front, the pulmonary trunk is separated from the sternal end of 
the left second intercostal space by the pleura, the left lung and the pericardium. 
Behind’, it rests at first upon the ascending aorta and the left coronary artery ; 
at a higher level it lies in front of the left atrium, and the ascending aorta is 
on its right side. The auricle of the corresponding atrium and a coronary 
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artery lie on each side of its origin. The superficial part of the cardiac 
plexus lies between the division of the pulmonary tru^ and the arch of 
the aorta. 

The right pulmonary arteiy, shghtly longer and larger than the left, runs 
horizontally to the right, behind the ascendmg aorta, superior vena cava and 
upper right pulmonary vein, and in front of the oesophagus and the right bron- 
chus, to the root of the right lung, where it divides into two branches. The 
lower and larger of these is distributed to the middle and lower lobes of the 
lung ; the upper and smaller accompanies the eparterial bronchus to the 
upper lobe. 


Fig. 694. — A transverse section through the thorax, showing the relations of 
the pulmonary trunk, etc. 
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The left pulmonary artery, a httle shorter and smaller than the right, runs 
horizontally in front of the descending aorta and left bronchus to the root of 
the left lung, where it divides into two branches, one for each lobe of the lung. 
Above, it is connected to the concavity of the aortic arch by the ligamentum 
arteriosuin, on the left of which is the left recurrent laryngeal nerve, and on 
the right the superficial part of the cardiac plexus. The ligament of the 
left vena cava (p. 669) passes from its lower border to the upper left pulmonary 
vein. 

The terminal branches of the pulmonary arteries are described with the 
anatomy of the lungs. 

Applied Anatomy . — Embolism of the pulmonary trunk by a clot of blood coining from 
the right side of the heart in patients with heart-disease, or from a thrombosed vein in 
cases, for example, of influenza, enteric fever, puerperal sepsis, or fractured limbs, is a 
common cause of sudden or rapid death. 


The Aobta 

The aorta is the main trunk of the series of vessels which convey the 
oxygenated blood to the tissues of the body. It begins at the upper part of the 
left ventricle, where it is about 3 cm. in diameter, and after ascending for a 
short distance, arches backwards and to the left, over the root of the left lung ; 
it then descends within the thorax on the left side of the vertebral column. 
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and enters the abdominal cavity through the aortic opening in the diaphragm. 
Considerably diminished in size (about 1*75 cm. in diameter), it ends, a little 
to the left of the median plane, at the level of the lower border of the fourth 
lumbar vertebra, by dividing into the right and left common iliac arteries. 
Hence it is described in several portions, viz. the ascending aorta , the arch of 
the aorta, and the descending aorta, the last being divided into the descending 
thoracic and abdominal aortce. 


The Ascehdihg Aobta 

The ascending aorta (figs. 674, 697) is about 5 cm. long. It begins at the 
base of the left ventricle, on a level with the lower border of the third costal 
cartilage, behind the left half of the sternum ; it passes obhquely upwards. 


Fig. 695. — transverse section through the mediastinum at the level of the 
upper part of the body of the sixth thoracic vertebra. 
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forwards and to the right, behind the sternum, as high as the upper border 
of the second right costal cartilage, describing a slight curve in its course. At 
its origin, opposite the cusps of the aortic valve, there are three small dilata- 
tions called the aortic sinuses. At the union of the ascending aorta with 
the aortic arch the cahbre of the vessel is slightly increased, owing to a 
bulging of its right wall. This dilatation is termed the bulb of the aorta, 
and, on transverse section at this level, the vessel presents a somewhat oval 
outline. 

Relations. — ^The ascending aorta is contained within the fibrous pericardium, 
and is enclosed in a tube of the serous pericardium, common to it and the 
pulmonary trunk. Anteriorly its lower part is related to the infundibulum 
(conus arteriosus) of the right ventricle, the commencement of the pulmonary 
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trunk and the auricle of the right atrium ; higher up, it is separated from the 
sternum by the pericardium, the right pleura, the anterior margin of the right 
lung, some loose areolar tissue and the remains of the thymus ; posteriorly, 
it is related successively to the left atrium, the right pulmonary artery and the 
right bronchus ; on its right side, to the superior vena cava and right atrium, 
the former lying partly behind it ; on its left side, to the left atrium and the 
pulmonary trunk. 

Branches. — ^The branches of the ascending aorta are the right and left 
coronary arteries (figs. 677, 698), which supply the heart ; they arise from the 


Fig. 696. — A transverse section through the mediastinum at the level of the 
lower part of the body of the fourth thoracic vertebra. 
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aortic sinuses immediately above the attached margins of the cusps of the 
aortic valve. 

The right coronary artery arises from the anterior aortic sinus. It passes 
at first forwards and to the right between the root of the pulmonary trunk 
and the right auricle and then runs downwards and to the right in the right 
portion of the atrioventricular groove, to the junction of the right and inferior 
margins of the heart. Here it turns to the left and runs on the back of the 
heart, as far as the inferior interventricular groove, where it anastomoses with 
the left coronary artery. The right coronary artery supplies branches to the 
right atrium and, by means of a marginal branch (fig. 698), to both surfaces 
of the right ventricle. Near its termination it gives off an interventricular 
branch, which runs forwards in the inferior interventricular groove, supplies 
branches to both ventricles and anastomoses near the apex of the heart with 
the interventricular branch of the left coronary artery. 

The left coronary artery, larger than the right, arises from the left posterior 
aortic sinus and, after a short course forwards between the pulmonary trunk 
and the left auricle, turns to the left in the atrioventricular groove. It then 
passes backwards round the left margin of the heart and accompanies the 
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coronary sinus as far as the interventricular groove, where it anastomoses with 
the right coronary artery. It supplies branches to the left atrium and the base 
of the left ventricle. At the point where it turns to the left, the left coronary 
artery gives off a large interventricular branchy which descends in the anterior 
interventricular groove, to the incisura apicis cordis. This branch supplies 
both ventricles and anastomoses with the interventricular branch of the right 
coronary artery. In many subjects it turns round the apex of the heart and 
runs backwards for a variable distance in the inferior interventricular groove 
(fig. 698). 

There is a very free anastomosis between the minute branches and between 
the capiQaries of the two coronary arteries in the substance of the heart.* 

' Peculiarities. — Y ery rarely the coronary arteries arise by a common trunk ; or their 
number may be increased to three or four. The areas of distribution of the two arteries 
on the diaphragmatic surface of the heart are subject to considerable variation. 

Applied Anatomy . — ^The sudden blocking of a coronary artery by an embolus, or its 
more gradual obstruction by arterial disease or thrombosis, is a common cause of sudden 
death in persons past middle age. If the obstruction to the passage of blood is incomplete, 
the patient may suffer from angina pectoris^ a condition associated with agonising pain 
in the precordial region and down the left arm. 


The Ahch of the Aorta 

The arch of the aorta (figs. 697, 699) connects the ascending with the 
descending aorta ; it begins behind the manubrium sterni at the level of the 
upper border of the second right sternocostal articulation, and runs at first 
upwards, backwards and to the left in front of the trachea ; it is then directed 
backwards on the left side of the trachea, and finally passes downwards on the 
left side of the body of the fourth thoracic vertebra, at the lower border of 
which it is continuous with the descending aorta. It thus forms two curvat- 
ures : one with its convexity upwards, the other with its convexity forwards 
and to the left. Its upper border is usually about the level of the middle of the 
manubrium sterni. 

Relations. — ^The arch of the aorta is covered anteriorly by the pleurae and 
anterior margins of the lungs. As the vessel runs backwards, its side is in 
contact with the left lung and pleura. Passing downwards on the left side of 
this part of the arch there are four nerves ; in order from before backwards these 
are : the left phrenic, the lower of the cervical cardiac branches of the left 
vagus, the superior cervical cardiac branch of the left sympathetic, and the 
trunk of the left vagus. As the left vagus crosses the arch it gives off its re- 
current laryngeal branch, which hooks round below the vessel to the left of the 
ligamentum arteriosum and then passes upwards on its right side. The left 
superior intercostal vein runs obliquely upwards and forwards on the left side 
of the arch, crossing superficial to the vagus but deep to the phrenic nerve 
(fig. 697). On the right are the deep part of the cardiac plexus, the left recurrent 
laryngeal nerve, and the oesophagus ; the trachea lies behind and to the right 
of the vessel. AbovCy the innominate, left common carotid and left subclavian 
arteries arise from the convexity of the arch and are crossed close to their 
origins by the left innominate vein. Below, the arch is related to the bifurcation 
of the pulmonary artery, the left bronchus, the ligamentum arteriosum, the 
superficial part of the cardiac plexus and the left recurrent laryngeal nerve. 
As already stated (p. 691), the Mgamentum arteriosum connects the com- 
mencement of the left pulmonary artery to the inferior aspect of the aortic 
arch. 

In the foetus the lumen of the aorta is considerably narrowed between the 
origin of the left subclavian artery and the attachment of the ductus arteriosus, 
forming what is termed the aortic isthmus, while immediately beyond the ductus 
arteriosus the vessel presents a fusiform dilatation which His named the aortic 
spindle — the point of junction of the two parts being marked in the concavity 
of the arch by an indentation or angle. These conditions persist, to some extent, 

* Consult in this connexion The Blood Supply of the Heart, by Louis Cross, 1921. 
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in the adult, where His found that the average diameter of the spindle exceeded 
that of the isthmus by 3 mm. 

Peculiarities. — The summit of the arch of the aorta is usually about 2*5 cm. below the 
upper border of the sternum ; but it may reach nearly to the top of the bone. Occasionally 
it is found 4 cm., more rarely from 5 to 8 cm., below this point. Sometimes the aorta 
arches over the root of the right lung (right aortic arch) instead of over that of the left, 
and passes down on the right side of the vertebral column, a condition which is normal 
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in birds. In such cases there is usually a transposition of the thoracic and of the abdominal 
viscera. Less frequently the aorta, after arching over the root of the right lung, passes 
behind the oesophagus to gain its usual position on the left side of the vertebral column ; 
this peculiarity is not accompanied by transposition of the viscera. The aorta occasionally 
divides, as in some quadrupeds, into an ascending and a descending trunk, the former of 
which is directed vertically upwards, and subdivides into three branches, to supply the 
head and upper hmbs. Sometimes the aorta subdivides near its origin into two branches, 
which soon reunite ; in these cases the oesophagus and trachea usually pass through the 
interval between the two branches ; this is the normal condition of the vessel in the 
reptilia and is due to persistence of a part of the right dorsal aorta which usually disappears 
(fig. 190). 

Applied Anatomy . — The ascending aorta and the arch of the aorta are frequent sites 
of aneurysm. 
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Aneurysni of the ascending aorta in a majority of cases affects the anterior sinus, owing 
to the fact that the reflux of blood which follows the closing of the aortic valve is directed 
chiefly against the anterior wall of the vessel. If the aneurysmal sac projects forwards 
it may destroy part of the sternum and the costal cartilages, usually on the right side, and 
appear as a pulsating tumour on the front of the chest. In other cases it may compress 
or open into the right lung, bronchi, or trachea ; it may burst into the pericardium (a 
common cause of death in these aneurysms), or may compress the right atrium, the 
pulmonary trunk and the adjoining part of the right ventricle, and open into one or other 
of these structures. It may press upon the superior vena cava or the innominate veins, 
causing great venous engorgement in their tributaries ; an aneurysm has occasionally 
perforated into the superior vena cava, setting up an arteriovenous aneurysm. 

Aneurysm of the aortic arch usually involves the posterior part of the vessel. It may 
press upon the trachea and give rise to the sign known as ‘ tracheal tugging,’ impede the 
breathing, or produce cough, dyspnoea, stridor, bronchiectasis, or haemoptysis, or it may 


Fig. 698. — A scheme showing the course of the coronary arteries. 



ultimately burst into the trachea, producing fatal haemorrhage. Again, its pressure on the 
left recurrent laryngeal nerve may give rise to symptoms of laryngeal paralysis ; or it may 
press upon the thoracic duct and destroy life by inanition ; or it may involve the oesophagus, 
producing dysphagia, and has not infrequently been mistaken for oesophageal stricture ; 
or it may burst into the oesophagus, when fatal haemorrhage will occur. Pressure on the 
sympathetic filaments may produce (1) dilatation of the pupil by stimulation, or later 
(2) contraction of the pupil by paralysing the nerves on the affected side. The pupillary 
changes have however been attributed to the alterations of the blood-pressure in the 
carotid artery on the affected side — lowering of pressure leading to partial collapse of the 
tortuous vessels of the iris and dilatation of the pupil, increase of pressure tending to 
straighten out these vessels and diminish the pupillary aperture. Again, the innominate 
artery, or the subclavian, or left carotid, may be so obstructed by clots as to produce 
weakness, or even a disappearance, of the pulse in one or the other wrist, or in the left 
superficial temporal artery ; or the tumour may present itself at or above the manubrium, 
generally either in the median Mne, or the right of the sternum, and may simulate an 
aneurysm of one of the arteries of the neck. 

Many of the physical signs of an aortic aneurysm may be simulated with extraordinary 
fidelity by the pulsation or throbbing of a distended and elastic aorta. This condition 
may be met with in young persons with aortic regurgitation and greatly hypertrophied 
hearts, in patients who are of a neurotic or hysterical temperament, and in cases of Graves’s 
disease or of marked anaemia. The condition is known as dynamic dilatation of the aorta, 
and in no way threatens life. 
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Branches (figs. 697, 700). — ^Three branches are given off from the upper 
aspect of the arch of the aorta, viz. : the innominate, the left common carotid 
and the left subclavian. 

Peculidrities. The branches may spring from the commencement of the arch or upper 
part of the ascending aorta ; or the distance between them at their origins may be increased 
or diminished, the most freq^uent change in this respect being the approximation of the 
left carotid to the innommate artery. 

The number of the primary branches may be reduced to one ; more commonly there 
are two, the left carotid arising from the innominate artery, or (more rarely) the carotid 
and subclavian arteries of the left side arising from a left innominate artery. But the 


Fig. 699. — A transverse section through the mediastinum at the level of the 
upper part of the body of the fourth thoracic vertebra. 
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number may be increased to four, through the right carotid and subclavian arteries arising 
directly from the aorta ; in most of these cases the right subclavian arises from the left 
end of the arch and passes to the right behind the oesophagus (see also p. 149). Another 
common variation in which there are four primary branches is that where the left vertebral 
artery arises from the arch of the aorta between the left carotid and subclavian arteries. 
Lastly, the number of tr unks may be increased to five or six ; very rarely, the external 
and internal carotid arteries arise separately, the common carotid being absent on one or 
both sides. In some few cases six branches have been found, and this condition is associated 
with the origin of both vertebral arteries from the arch. 

When the aorta arches over to the right side, the arrangement of the three branches 
is reversed : there is a left innominate artery, and the right carotid and right subclavian 
arise separately. In other cases, where the aorta takes its usual course, the two carotids 
may be joined in a common trunk, and the subclavians arise separately from the arch, 
the right subclavian generally arising from the left end of the arch. 

Other arteries may spring from the arch of the aorta. Of these the most common 
are the bronchial (one or both), and the thyroidea ima ; the internal mammary and the 
inferior thyroid have been seen to arise from it. 
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The Innominate Artery (figs. 697, 700, 701, 703) 

The innominate artery is the largest branch of the arch of the aorta, and is 
from 4 to 5 cm. in length. It arises from the convexity of the arch of the 
aorta, posterior to the centre of the manubrium sterni ; it passes obliquely 
upwards, backwards and to the right, lying at first in front of the trachea and 


Fig. 700. — Dissection of the lower part of the neck, and the upper part of the 
thorax. Anterior aspect. 
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then on its right side. At the level of the upper border of the right sterno- 
clavicular joint it divides into the right common carotid and right subclavian 
arteries. 

Relations. Anteriorly it is separated from the manubrium sterni by the 
Sternohyoid and Sternothyroid, the remains of the thymus, the left innominate 
and right inferior thyroid veins, which cross its root, and sometimes the cardiac 
branches of the right vagus nerve. Posteriorly it is related to the trachea 
below, and the right pleura above ; on the right side, to the right innominate 
vein, the upper part of the superior vena cava, and the pleura ; and on the 
left side, the remains of the thymus, the origin of the left common carotid 
artery, the inferior thyroid veins, and at a higher level the trachea. 

Branches, The umominate artery is usually devoid of branches other than 
its terminal ones, but occasionally the thyroidect imct arises from it, and some- 
times it gives off a thymic or a bronchial branch. 
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The thyroidea ima, small and inconstant, ascends, in front of the trachea 
to the isthmus of the th37Toid gland, in which it ends. It occasionally arises 
from the aorta, or from the right common carotid, subclavian or internal 
mammary arteries. 

Peculiarities. — The innominate artery sometimes projects above the upper border of 
the manubrium stemi. It may divide above the level of the sternoclavicular joint, less 
frequently below it. When the aortic arch is on the right side, the innominate artery 
is directed to the left side of the neck. 

Applied Anatomy. — The innominate artery may be wounded in performing the operation 
of low tracheotomy, or a badly placed tracheotomy tube may ulcerate into the vessel. 
Aneurysm of the innominate artery not infrequently occurs as an accompaniment of 


Fig. 701. — transverse section through the mediastinum at the level 
of the body of the third thoracic vertebra. 
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aneurysm of the arch of the aorta. It causes bulging of the right sternoclavicular joint, 
pushing forwards the Stemomastoid muscle and filling up the suprasternal notch. It 
produces serious symptoms : from pressure on the innominate veins it may cause oedema 
of the upper extremities, and of the head and neck ; from pressure on the trachea it produces 
dyspnoea ; and from pressure on the right recur^nt laryngeal nerve, hoarseness and cough. 

Collateral Circulation . — ^AUan Bums demonstrated, on the dead subject, the possibility 
of the establishment of the collateral circulation after Hgature of the innominate artery, 
by tying and dividing that artery. He then found that “ Even coarse injection, impelled 
into the aorta, passed freely by the anastomosing branches into the arteries of the right 
arm, filling them and all the vessels of the head completely.” * The branches by which 
this circulation is carried on are numerous ; thus, aU the communications across the 
median plane between the branches of the carotid arteries of opposite sides are avaOable 
for the supply of blood to the right side of the head and neck ; the anastomosis between the 
costocervical of the subclavian and the third posterior intercostal (see infra on the collateral 
circulation after obliteration of the descendiag thoracic aorta) brings the blood, by a free 
and direct course, into the right subclavian ; the numerous connexions between the 
posterior intercostal arteries and the branches of the axillary and internal mammary 
arteries assist in the supply of blood to the right arm, while the inferior epigastric from the 
external iliac, by means of its anastomosis with the internal mammary, compensates for 
any deficiency in the vascularity of the waU of the chest. 

* Surgical AnaJtmny of the Head and Neck, p. 62. 


Innominate artery 


Left innominate vein- 

Left phrenic nerve. 

Left common carotid, 
artery 

Left vagus nerve 

Left subclavian artery. 
Left recurrent 
laryngeal nerve 
Left lung. 
Thoracic duct. 



Third thoracic vertebra 



700 


BLOOD VASCULAR SYSTEM 


THE ARTERIES OF THE HEAD AND NECK 

The principal arteries of the head and neck are the two common carotids ; 
they ascend in the neck and each divides into two branches, viz. (1) the external 
carotid, supplying the exterior of the head, the face and the greater part of 
the neck ; (2) the uitemal carotid, supplying to a great extent the parts within 
the cranial and orbital cavities. 

These arteries, together with the veins and nerves which accompany them, 
are situated in a cleft on each side of the neck. This cleft may be said to possess 
three walls ; a posterior formed mainly by the cervical vertebrse with their 
attached muscles ,* a medial consisting of the trachea, oesophagus, thyroid 
gland, larynx and the constrictor muscles of the pharynx ; and an antero- 
lateral made up of the Sternomastoid with, at different levels, the Omohyoid, 
and the Digastric and Stylohyoid muscles. 


The CoivtMOH Carotid Arteries 

The common carotid arteries differ in length and in their mode of origin. 
The right artery begins at the bifurcation of the innominate artery behind the 
right sternoclavicular joint and is confined to the neck. The left artery springs 
from the highest part of the arch of the aorta immediately behind and to the 
left- of the innominate artery, and therefore consists of a thoracic and a cervical 
portion. 

The thoracic portion of the left common carotid artery (figs. 700, 701) ascends 
from the arch of the aorta to the level of the left sternoclavicular joint, where 
it is continuous with the cervical portion. It lies at first in front of the trachea, 
but later inclines to its left side. 

Relations . — In front, it is separated from the manubrium stemi by the 
Sternohyoid and Sternothyroid, the anterior portions of the left pleura and 
lung, the left mnommate vein and the remains of the thymus ; behind, it is 
related to the trachea, the left subclavian artery, the left edge of the oesophagus, 
the left recurrent laryngeal nerve and the thoracic duct. On its right side it is 
related below to the innominate artery, and above to the trachea, the inferior 
thyroid veins and the remains of the thymus ; at its left side are the left vagus 
and phrenic nerves, the left pleura and lung. 

The cervical portions of the common carotid arteries resemble each other 
so closely that one description will apply to both (figs. 702, 704). Each passes 
obliquely upwards, from behind the sternoclavicular joint, to the level of the 
upper border of the thyroid cartilage, where it divides into the external and 
internal carotid arteries. At its point of division the vessel shows a dilatation, 
termed the carotid sinus, which usually involves, and may be restricted to, the 
proximal part of the internal carotid artery. In this situation the tunica media 
is thinner than elsewhere and the tunica adventitia contains a lar^e number 
of sensory nerve-endings, which are derived from the glossopharyngeal (p. 1069) 
and probably also from the vagus nerves. The carotid body, which lies behind 
the point of division of the common carotid artery, is a small, reddish-brown 
structure ; it is intimately related to the carotid sinus, both topographically 
and functionally. 

At the lower part of the neck the two arteries are separated from each other 
by a narrow interval which contains the trachea ; but at the upper part, the 
thyroid gland, the larynx, and the pharynx project forwards between the two 
vessels. The common carotid artery is contained in the carotid sheath (p. 537), 
which is derived from the deep cervical fascia, and is composed of loose cellular 
tissue, but the part surrounding* the artery is thicker and denser than the rest. 
This sheath encloses also the internal jugular vein and vagus nerve, the vein 
iyhig lateral to the artery, and the nerve between the artery and vein, on a 
plane posterior to both. The descending branch of the hypoglossal nerve is 
embedded in its anterior wall (fig. 683). 

Relations. — ^The common carotid artery is crossed superficially, at the level 
of the cricoid cartilage,, by the superior belly of the Omohyoid. Below the 
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level of this muscle the artery is very deeply seated, being covered with the 
skin, superficial fascia, Platysma, deep cervical fascia, Stemomastoid, Sterno- 
hyoid and Sternothyroid. Above the level of the Omohyoid it is more super- 
ficial, being covered merely by the skin, the superficial fascia, Platy^a, 
deep cervical fascia and the medial margin of the Stemomastoid. Whm the 
latter muscle is drawn backwards, the artery is seen to be contained in the 
carotid triam^le (p. 716) ; this part of the artery is crossed pbhquely, from its 
medial to its lateral side, by the stemomastoid branch of the superior thyroid 


Fig. 702.— a dissection of the ri^t side of the neck, showing the carotid 
and subclavian arteries and their branches. 
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The parotid and submandibular glands and the posterior belly of the digastric have been removed 
together with the lower part of the internal jugular vein, the upper part of the stylohyoid and the 
lower p^ of the stemomastoid. muscle. The upper part of the stemomastoid muscle has been 
retracted to expose the structures under cover of it. 


artery. In front of or within its sheath is the descending branch of the hypo- 
glossal nerve, this branch being joined by the descendens cervicahs nerve, 
which springs from the second and third cervical nerves and crosses the vessel 
obliquely. The superior thyroid vein crosses the artery near its termination, 
. and the middle thyroid vein a little below the level of the cricoid cartilage ; 
the anterior jugular vein crosses the artery just above the clavicle, but is separated 
from it by the Sternohyoid and Sternothyroid muscles. BeJiM, the artery 
is separated from the transverse processes of the fourth, fifth and sixth cervical 
vertebrae by the Longus cervicis (Longus colli) andLongus capitis muscles and the 
origin of the Scalenus anterior, the sympathetic trunk and the ascending cervical 
artery being interposed between the artery and the muscles. Below the level 
of the sixth cervical vertebra the common carotid artery lies in the angle between 
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the Scalenus anterior and the Longus cervieiS; anterior to the vertebral vessels, 
the inferior th3a’oid and subclavian arteries, and, on the left side, the thoracic 
duct. Medial to it are the oesophagus, trachea, and the lobe of the thyroid 


Pig. 703. — drawing of a dissection of the prevertebral and upper thoracic 
regions showing the vessels, etc., near the root of the neck, the cervical 
course of the vertebral artery, and the structures which lie posterior to 
the left internal jugular vein. 
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gland (which overlaps it), the inferior thyroid artery and recurrent laryngeal 
nerve being interposed ; higher up, the larynx and pharnyx are medial to the 
artery. Lateral to the artery are the internal jugular vein and vagus nerve. 

On the right side, at the lower part of the neck, the recurrent laryngeal nerve 
crosses obliquely behind the artery ; the right internal jugular vein diverges 
from the artery, but the left vein approaches and often overlaps the lower part 
of the vessel. 



THE COMMON CAEOTID ARTERIES 703 

Pecaiarities.-^ about 1^2 per cent of subjects the right common carotid arteiy arises 
above the level of the up^r border of the sternoclavicular j oint. It may arise as a s Wte 
branch from the arch of the aorta, or m conounotion with the left carotid. The left co^on 
carotid artery vanes m its origin more frequently than the right. In the majoW of ab- 
normal cases It anses mth the mnoi^te artery ; if that artery be absent, the two^rotids 
usually by a smgle tr^. It is rarely joined with the left subclavian, except in cases 
of transposition of the aortic arch. ^ 

Division of the (»mmon carotid artery may occur at or about the level of the hvoid 
bone ; more r^ely it occurs below the usual level, opposite the middle of the larynx or 
the lower borfer of the cnooid cartOage; one case is described by Morgagni, where the 
artery was only 4 cm. m length and divided at the root of the neck. Very rarely the artery 
ascends in the neck without imdergoing subdivision, either the external or the intemid 
carotid beu^ wanimg. In a few cases the artery has been found absent, the external 
and intern^ carotid artenes arising directly from the arch of the aorta : this pecuHarity 
existed on both sides in some instances, on one side only in others. 


Pig. 704.— a transverse section through the anterior part of the neck at the 
level of the body of the first thoracic vertebra. 
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The common carotid artery usually supplies no branch ; but it may give origin to the 
vertebral, the superior thyroid or its laryngeal branch, the ascending pharyngeal, the 
inferior thyroid, or the occipital. 

Applied Anatomy . — Aneurysms are not often found on the common carotid artery ; 
when they do occur they are usually situated low down at the root of the neck, or just 
below the point of bifurcation of the vessel. They do not often assume a large size, and 
are more commonly found on the right side. As they increase in size they displace the 
trachea and larynx, and therefore dyspnoea becomes a prominent symptom. Dysphagia 
also may be present from pressure on the oesophagus, especially if the aneurysm is on the 
left side ; and pressure on the recurrent laryngeal nerve may produce hoarseness and 
laryngeal cough. Pressure on the sympathetic t^I cause pupillary changes — dilatation of 
the pupil when the sympathetic is irritated or the arterial blood-supply to the eye is lessened, 
contraction when the sympathetic has become paralysed ; sympathetic irritation may also 
cause unilateral sweating of the head and neck. Pressure on the superficial branches of 
the cervical plexus may give rise to pain in the head, face and neck ; pressure on the vagus 
to irregular action of the heart and to asthmatic attacks. It is important to bear in mind 
that an enlarged lymph gland in the carotid triangle, receiving a transmitted pulsation 
from the carotid artery, may simulate aneurysm of that vessel, but may be distinguished 
from it by the character of the pulsation, wMch is not expansile. 

Embolism of the left common carotid artery, or the thrombosis that may follow injury 
to the wall of the vessel by penetrating gunshot wounds of the neck, have been known 
to produce aphasia, by interference with the blood-supply of the brain. 

Digital compression of the common carotid artery is sometimes required, and is best 
effected by pressing the vessel with the thumb against the anterior tubercle of the trans- 
verse process of the sixth cervical vertebra (p. 208). 
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The upper part of the common carotid artery should be selected as the spot upon which 
to place a ligature, for the lower part is placed very deeply ; moreover, on the left side, the 
internal ju^ar vein, in most cases, passes -pbliquely in front of it. The part of the vessel 
which is most favourable for the operation is that opposite the level of the cricoid cartilage. 

Collateral Circulatim , — ^After ligature of the common carotid, the collateral circulation 
can be perfectly established by the free communication which exists between the carotid 
arteries of opposite sides, both without and within the cranium, and by enlargement of the 
branches of the subclavian artery- The chief communications outside the skuU take place 
between the superior and inferior thyroid arteries, and between the deep cervical and 
descending branch of the occipital ; the vertebral takes the place of the internal carotid 
within the cranium. 

Wounds of the common carotid should be treated by suture whenever possible, because, 
after Hgatuxe of the vessel, hemiplegia or other symptom of cerebral disturbance supervenes 
in about twenty- five per cent, of cases. 

The External Carotid Artery 

The external carotid artery (fig. 702) begins opposite the upper border of 
the thyroid cartilage, at the level of the disc between the third and fourth 
cervical vertebrae, and, taking a slightly curved course, passes upwards and 
forwards, and then inclines backwards to a point behind the neck of the mand- 
ible, where, In the substance of the parotid gland, it divides into the superficial 
temporal and maxillary (internal maxillary) arteries. It diminishes rapidly in 
size, owing to the number and large size of its branches. In the child, it is a 
little smaller than the internal carotid artery ; but in the adult, the two vessels 
are of nearly equal size. At its origin, it is contained within the carotid triangle 
(p. 716), and lies superficial to and nearer the median plane than the internal 
carotid artery ; higher up it is situated lateral to this artery. 

Relations, — ^Within the carotid triangle the external carotid artery is covered 
by the skin, the superficial fascia, the loop between the cervical branch of the 
facial nerve and the anterior cutaneous nerve of the neck, the deep fascia, and 
the anterior margin of the Sternomastoid ; it is crossed by the hypoglossal nerve 
and its vena oomitans, by the lingual and common facial veins and sometimes by 
the superior thyroid vein. Leaving the carotid triangle it is crossed by the 
posterior beUy of the Digastric and the Stylohyoid, and then ascends between 
the latter muscle and the posteromedial surface of the parotid gland. Finally, 
it enters the gland, where it lies deep to the facial nerve and the junction of the 
superficial temporal and maxillary veins. Medially, it is related to the wall of 
the pharynx, the superior laryngeal nerve, and the ascending pharyngeal artery. 
At a higher level the internal carotid artery is medial to it, but is separated from 
it by the styloid process, the Styloglossus and Stylopharyngeus muscles, the 
glossopharyngeal nerve, the pharyngeal branch of the vagus nerve and a part of 
the parotid gland (fig. 705). 

Applied Art^tomy , — ^Ligature of the external carotid may be required in cases of wound 
of this vessel, or of its branches when these cannot be tied, and in some oases of pulsating 
tumours of the scalp or face. It is also done as a preliminary measure to excision of the 
maxilla or tongue. The seat of election for ligature is between the origins of its superior 
thyroid and lingual branches, just below the tip of the greater cornu of the hyoid bone. 

Collateral Circulation , — The circulation is re-established by the free communication 
between most of the large branches of the artery (facial, lingual, superior thyroid, occipital) 
and the corresponding arteries of the opposite side, and by the anastomosis of its branches 
with those of the internal carotid artery, and of the occipital artery with branches of the 
subclavian, etc. 


The Branches of the External Carotid Artery (figs. 702, 706) 

The branches of the external carotid artery are : 

1. Superior thyroid. 4. Facial. 7. Superficial temporal. 

2. Ascending pharyngeal. 5. Occipital. 8. Maxillary. 

3. Lingual. 6. Posterior auricular. 

1. The superior thyroid artery (fig. 702) arises from the front of the external 
carotid artery just below the level of the greater cornu of the hyoid bone and, 
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divides into its terminal branches at the apex of the corresponding lobe of the 
thyroid gland. 

Relations. — From its origin beneath the anterior border of the Stemo- 
mastoid it runs downwards and forwards in the carotid triangle along the lateral 
border of the Thyrohyoid^ and is covered by the skin, Platysma and fascise ; 
it then passes under cover of the Omohyoid, Sternohyoid and Sternothyroid. 

Fig. 705. — diagram showing the struct ores crossing the intemal jugular vein 
and carotid arteries, and those intervening between the external and internal 
carotid arteries. Modified from a figure in R. B. Green’s Human Anatomy 
for Dental Students, 1923. 



o its medial side are the Constrictor pharyngis inferior and the external branch 
" the superior laryngeal nerve, but the nerve frequently lies on a more posterior 
plane. 

Branches, — ^It distributes twigs to the adjacent muscles, and branches to 
the thyroid gland ; it anastomoses with its fellow of the opposite side, and 
with the inferior thyroid arteries. The branches to the gland are generally 
two in number, an anterior and a posterior ; the anterior branch follows the 
medial border of the upper pole of the lobe and supplies principally the anterior 
surface ; it sends a branch across the upper border of the isthmus to anastomose 
with the corresponding artery of the opposite side ; the posterior branch 
descends on the posterior border of the gland, supplying its medial and lateral 
surfaces, and anastomoses with the inferior thyroid artery. Sometimes a lateral 
branch is distributed to the lateral surface of the gland. 

G.A. 
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Besides the arteries distributed to the muscles and to the thyroid gland, the superior 
thyroid artery supplies the following branches : 

Infrahyoid. Superior lar3mgeaL 

Stemomastoid. Cricothyroid. 

The infrahyoid artery is small and runs along the lower border of the hyoid hone deep 
to the Thyrohyoid, and anastomoses with the vessel of the opposite side. 

The stemomastoid branch frequently arises from the external carotid artery ; it runs 
downwards and laterally across the sheath of the common carotid artery, and enters the 
Stemomastoid, 

The superior laryngeal artery, larger than either of the preceding, is frequently a separate 
branch of the external carotid artery ; it accompanies the internal laryngeal nerve and 
passes deep to the Thyrohyoid ; it pierces the lower part of the thyrohyoid membrane, and 
supplies the muscles, mucous membrane and glands of the larynx, anastomosing with the 
artery of the opposite side, and with the inferior laryngeal branch of the inferior thyroid 
artery. 

The cricothyroid branch is small and runs transversely across the upper part of the 
cricothyroid ligament, communicating with the artery of the opposite side. 

Applied Anatomy , — The superior thyroid artery, or one of its branches, is often divided 
in cases of out throat, giving rise to considerable hsemorrhage. The superior thyroid is 
ligatured in cases of goitre where the removal of a lobe of the thyroid gland may present 
special dangers. 

The position of the stemomastoid branch is of importance in connexion with the 
operation of ligature of the common carotid artery. It crosses and lies on the sheath of 
this vessel and may chance to be wounded in opening the sheath. The position of the 
cricothyroid branch should be remembered, as it may prove the source of troublesome 
haemorrhage during the operation of laryngotomy. 

2. The ascending pharyngeal artery (fig. 711), the smallest branch of the 
external carotid artery, is a long, slender vessel, deeply seated in the neck. It 
arises close to the origin of the external carotid artery, and ascends vertically 
between the internal carotid artery and the side of the pharynx to the under 
surface of the base of the skull, being crossed by the Styloglossus and the Stylo- 
pharyngeus and lying on the Longus capitis ; it anastomoses freely with the 
ascending palatine branch of the facial (external maxillary) artery. 

Its branches are : 

Pharyngeal. > Inferior tympanic. Meningeal. 

The pharyngeal branches are three or four in number. Two of these descend to supply 
the Inferior and Middle constrictor muscles and the Stylopharyngeus, ramifying in their 
substance and in the underlying mucous membrane, A branch of variable size is distributed 
to the palate, and may take the place of the ascendmg palatine branch of the facial (external 
maxillary) artery ; it runs downwards and forwards between the superior border of the 
Superior constrictor and the Levator palati, and accompanies the latter muscle to the soft 
palate ; it gives branches to the tonsil, and supplies a twig to the pharyngotympanic (audi- 
tory) tube. 

The inferior tympanic artery is a small branch which passes through the temporal bone, 
in the canaliculus for the tympanic branch of the glossopharyngeal nerve, to supply 
the medial wall of the tympanic cavity and anastomose with the other tympanic 
arteries. 

The meningeal'branches are several small vessels which supply the dura mater. One 
enters the cranium through the foramen lacerum ; a second passes through the jugular 
foramen ; and occasionally a third through the anterior condylar canal. 

N’umerous small vl&sels supply the Longi capitis et cervicis, the sympathetic trunk, the 
hypoglossal and vagus nerves, and the lymph glands ; they anastomose with branches of 
the ascending cervical and vertebral arteries. 

3. The lineal artery (fig. 711) arises from the anteromedial surface of the 
external carotid artery opposite to the tip of the greater cornu of the hyoid 
bone, and between the superior thyroid and facial arteries ; it ends in the 
tongue. Running obliquely upwards and medially at first, it then curves 
downwards and forwards to the greater cornu of the hyoid bone, forming a loop 
which is characteristic of the vessel ; it passes deep to the posterior border of 
the Hyoglossus, runs horizontally forwards under cover of that muscle, and 
finally, ascending almost perpendicularly, courses forwards on the under surface 
of the tongue as far as the tip. 
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Course tod relations. — The first part of the lingual artery lies in the carotid 
triangle ; superficial to it are the skin, fascia and Platysma ; deep to it, the 
Middle constrictor muscle. It runs upwards and medially for a short distance, 
and then descends to the level of the hyoid bone, forming a loop, which is 
crossed by the hypoglossal nerve. The second part of the artery courses along 
the upper border of the hyoid bone, deep to the Hyoglossus, the tendon of the 
Digastric or its fascial retinaculum, the Stylohyoid, the lower part of the 
submandibular (submaxillary) gland and the posterior part of the Mylohyoid ; 
the Hyoglossus separates the artery from the hypoglossal nerve and its vena 
comitans ; in this part of its course it lies on the Middle constrictor muscle and 
crosses the stylohyoid ligament. The third part of the artery is named the 
arteria profunda linguae. It bends sharply upwards near the anterior border 
of the Hyoglossus, and then runs forwards on the inferior surface of the tongue 
near the frenulum, accompanied by the lingual nerve. Medially, it is related to 
the Genioglossus ; laterally, to the Longitudinalis linguae inferior ; below, to the 
mucous membrane of the tongue. At the tip of the tongue it anastomoses with 
the lingual artery of the opposite side. 

The branches of the lingual artery are : 

Suprahyoid. Sublingual. 

Rami dorsales linguae. Arteria profunda linguae. 

The suprahyoid artery is very small ; it runs along the upper border of the hyoid bone, 
and anastomoses with its fellow of the opposite side. 

The rami dorsales linguae consist usually of two or three small branches ; they arise 
under cover of the Hyoglossus, ascend to the posterior part of the dorsum of the tongue, 
and supply the mucous membrane of the tongue, the palatoglossal arch, the tonsil, soft 
palate and epiglottis ; they anastomose with the vessels of the opposite side. 

The sublmgual branch arises at the anterior margin of the Hyoglossus, and runs forward 
between the Genioglossus and Mylohyoid to the sublingual gland. It supplies the gland 
and gives branches to the Mylohyoid and neighbouring muscles, and to the mucous mem- 
brane of the mouth and gums. One branch runs behind the alveolar part of the mandible 
in the substance of the gum to anastomose with a similar artery from the other side ; another 
pierces the Mylohyoid and anastomoses with the submental branch of the facial (external 
maxillary) arteiy. 

The arteria profunda linguae — the terminal portion of the lingual artery — ^is described 
above. 

Applied Anatomy. — ^The lingual artery is not infrequently divided near its origin in 
cases of cut throat ; while severe haemorrhage, which cannot be restrained by ordinary 
means, may ensue from a wound, or deep ulcer, of the tongue. In the former case, the 
primary wound may be enlarged if necessary, and the bleeding vessel secured ; in the latter, 
it has been suggested that the lingual artery should be tied near its origin. 

4. The facial artery (external maxillary artery) (fig. 706) arises from the front 
of the external carotid artery in the carotid triangle a little higher than the 
lingual artery, and immediately above the greater cornu of the hyoid bone. 
Sheltered by the ramus of the mandible, it arches upwards and enters a groove in 
the posterior border of the submandibular (submaxillary) gland. It next turns 
downwards and forwards between the gland and the Medial pterygoid muscle, 
and, reaching the lower border of the mandible, ascends over it at the anterior 
edge of the Masseter, and enters the face. On the face it passes forwards and 
upwards across the cheek to the angle of the mouth, then ascends along the 
side of the nose, and ends at the medial palpebral commissure, where it supplies 
branches to the lacrimal sac, and anastomoses with the dorsal nasal branch of 
the ophthalmic artery. The facial artery is remarkably tortuous : in the neck 
to accommodate itself to the movements of the pharynx during deglutition, 
and on the face to accommodate itself to the movements of the mandible, 
Hps and cheeks. 

Relations. — In the neck, at its origin, the artery is superficial, being placed 
under cover of the skin, Platysma, and fascise, and is frequently crossed by the 
hypoglossal nerve. It runs upwards and forwards, deep to the Digastric and 
Stylohyoid and to the posterior part of the submandibular (submaxillary) gland. 
At first on the surface of the Middle constrictor of the pharynx, it may reach as 
high as the lateral surface of the Styloglossus, and it is then separated from the 
tonsil only by that muscle and the lingual fibres of origin of the Superior 
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constrictor. Next, it descends to the lower border of the mandible, lybig in a 
groove on the lateral aspect of the submandibular (submaxillary) gland. In 
the face, where it passes over the body of the mandible, it is comparatively 
superficial, lying immediately beneath the Platysma. In its course over the 
face, it is under cover of the skin, the fat of the cheek, and, near the angle of 
the mouth, the Platysma, Risorius and Zygomaticus major. It rests on the 
Buccinator and Levator anguh oris (Caninus), and passes either over or through 
the Levator labii superioris. Its terminal part is embedded in the* fibres of the 


Fig. 706. — The arteries of the left side of the face. 



Levator labii superioris alseque nasi. The anterior facial vein lies posterior to 
the artery, and, taking a more direct course across the face, is at some distance 
from the artery. At the anterior border of the Masseter the two vessels are in 
contact ; in the neck the vein is superficial to the artery. The branches of the 
facial nerve cross the artery from behind forwards. 

The branches of the facial artery may be divided into two sets : those given off in the 
neck (cervical) and those on the face (facial). 

Cervical branches. Facial branches. 

Ascending palatine. Inferior labial. 

Tonsillar. Superior labial. 

Glandular. Lateral nasal. 

Submental, 

The ascending palatine artery (fig. 711) arises close to the origin of the facial artery 
and passes up between the Styloglossus and Stylopharyngeus to the side of the pharynx, 
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along which it is continued between the Superior constrictor and the Medial pterygoid 
muscles towards the base of the skull. Near the Levator palati it divides into two branches : 
one follows the course of this muscle, and, winding over the upper border of the Superior 
constrictor, supplies the soft palate and the palatine glands, anastomosing with its fellow 
of the opposite side and with the greater (descending) palatine branch of the maxillary 
(internal maxiUary) artery ; the other pierces the Superior constrictor and supplies the 
tonsil and the pharyngotjnnpanic (auditory tube), anastomosing with the tonsillar and 
ascending pharyngeal arteries. 

The tonsillar artery (fig. 711) is the principal artery to the tonsil. Sometimes derived 
from the ascending palatine artery, it ascends between the Medial pterygoid and Stylo- 
glossus, and, at the upper border of the latter muscle, it perforates the Superior constrictor 
and ramifies ha the tonsil and the root of the tongue. 

The glandular branches, three or four large vessels, supply the submandibular (sub- 
maxillary) salivary gland and lymph glands, the neighbouring muscles and the skin. 

The submental artery, the largest cervical branch of the facial artery, springs from that 
artery just as it quits the submandibular gland : it runs forwards upon the Mylohyoid 
(fig. 706), below the body of the mandible, and deep to the anterior belly of the Digastric. 
It supplies the surrounding muscles, and anastomoses with the sublingual branch of the 
lingual artery and with the mylohyoid branch of the inferior dental artery ; at the chin it 
turns upwards over the inferior border of the mandible and divides into a superficial and a 
deep branch. The superficial branch passes between the skin and the Depressor labii 
inferioris, and anastomoses with the inferior labial artery ; the deep branch runs between 
the muscle and the bone, supplies the lip, and anastomoses with the inferior labial and 
mental arteries. 

The inferior labial artery (fig. 706) arises near the angle of the mouth ; it passes upwards 
and forwards under cover of the Depressor anguJi oris (Triangularis), and, penetrating 
the Orbicularis oris, runs in a tortuous course near the edge of the lower lip between this 
muscle and the mucous membrane. It supplies the glands, mucous membrane and muscles 
of the lower Hp ; and anastomoses with the artery of the opposite side, and with the mental 
branch of the inferior dental artery. 

The siq)erior labial artery (fig. 706) is larger and more tortuous than the inferior. It 
follows a similar course near the edge of the upper lip, lying between the mucous membrane 
and the Orbicularis oris, and anastomoses with the artery of the opposite side. It supplies 
the upper lip, and gives off a sejptaL hranch^ which ramifies on the lower and front part of the 
nasal septum, and an aim branch, which supplies the ala of the nose. 

The lateral nasal branch (fig. 706) is derived from the facial artery as that vessel ascends 
along the side of the nose. It supplies the ala and dorsum of the nose, anastomosing with 
its fellow, with the septal and alar branches of the superior labial artery, with the dorsal 
nasal branch of the ophthalmic artery, and with the infra-orbital branch of the maxillary 
(internal maxiUaiy) artery. 

The anastomoses of the facial artery are very numerous, not only with the branches 
of the vessel of the opposite side, but, in the Tiech, with the sublingual branch of the lingual, 
with the ascending pharyngeal and with the palatine branch of the maxillary ; on the face, 
with the mental branch of the inferior dental, the transverse facial branch of the superficial 
temporal, the infra-orbital branch of the maxillary and the dorsal nasal branch of the 
ophthalmic. 

Peculiarities. — ^The facial artery not infrequently arises in common with the lingual 
artery. It varies in size, and in the extent to which it supplies the face ; it occasionally 
ends at the submental, and not infrequently extends only as high as the angle of the mouth 
or nose. The deficiency is then compensated for by enlargement of one of the neighbouring 
arteries. 

Applied Anatomy. — ^The passage of the facial artery over the body of the mandible 
would appear to afford a favourable position for the application of pressure in oases of 
haemorrhage from the lips ; but such application is useless, except for a very short time, on 
account of the free communication of the artery with its fellow, and with numerous branches 
from different sources. In a wound involving the Up, it is better to seize the part between 
the fingers, and evert it, when the bleeding vessel may be at once secured with pressure- 
forceps. The student should observe that the terminal part of the facial artery ascends 
on the nasal side of the lacrimal sac ; in operating for fistula lacrimalis, the sac should 
always be opened on its lateral side, in order to avoid this vessel. 

The facial artery is separated from the lower and hinder part of the tonsil by the 
Superior constrictor and Styloglossus muscles, and may be wounded in operations in that 
region. 

The free anastomosis of the branches of the facial artery contributes to the success of 
plastic operations on the face. 

5. The occipital artery (fig. 707) arises from the posterior part of the external 
carotid artery, opposite to the facial artery ; ,and running at first on the deep 
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surface of the posterior belly of the Digastric, ends in the posterior part of the 
scalp. 

Relations. — ^At its origin, it lies in the carotid triangle, and is crossed by 
the hypoglossal nerve, which winds round it from behind forwards. The artery 
passes backwards and upwards deep to the lower border of the posterior belly 
of the Digastric, crossing in its course the internal carotid artery, the internal 
jugular vein, and the hypoglossal, vagus and accessory nerves. Reaching the 
interval between the transverse process of the atlas and the mastoid process 
of the temporal bone, it comes into contact with the lateral border of the Rectus 
capitis lateralis. It then runs in the occipital groove on the temporal bone, and 
here is covered by the Sternomastoid, Splenius capitis, Longissimus capitis and 
Digastric, and lies successively on the Rectus capitis lateralis, Obliquus superior 
and Semispinalis capitis. Finally, it turns upwards and pierces the fascia 
connecting the cranial attachment of the Trapezius with the Sternomastoid, 
and ascends in a tortuous course in the superficial fascia of the scalp, where it 
divides into numerous branches. The terminal portion of the occipital artery 
is accompanied by the greater occipital nerve. 

The branches of the occipital artery are : 

Sternomastoid. Auricular. Meningeal. 

Mastoid. Muscular. Occipital. 

Descending. 

The sternomastoid branches are usually two in number. The lower branch generally 
arises from the begimiing of the occipital artery, but sometimes springs directly from 
the external carotid artery. It passes downwards and backwards over the hypoglossal 
nerve and the internal jugular vein, and enters the substance of the Sternomastoid; it 
anastomoses with the sternomastoid branch of the superior thyroid artery. The u^er 
branch arises from the occipital artery as it crosses the accessory nerve, and runs downwards 
and backwards superficial to the internal jugular vein. It enters the deep surface of the 
Sternomastoid in company with the accessory nerve. 

The mastoid branch, small in size and sometimes absent, enters the cramal cavity 
through the mastoid foramen ; it gives branches to the mastoid air-cells and the dura 
mater, and anastomoses with the middle meningeal artery. 

The auricular branch supplies the back of the concha and anastomoses with the posterior 
auricular artery. 

Muscular branches are supplied to the Digastric, Stylohyoid, Splenius and Longissimus 
capitis. 

The descending branch (fig, 707) arises from the occipital artery as the latter lies on 
the Obliquus superior, and divides into a superficial and a deep branch. The superficial 
branch passes deep to the Splenius, and anastomoses with the superficial branch of the 
transverse cervical artery ; the deep branch descends between the Semispinales capitis 
et cervicis, and anastomoses with the vertebral artery, and with the deep cervical artery, 
a branch of the costocervical trunk (fig. 711). The anastomosis between these vessels 
assists in establishing the collateral circulation after ligature of the common carotid or 
subclavian artery. 

The meningeal branches enter the skuU through the jugular foramen and posterior 
condylar canal, to supply the dura mater in the posterior fossa. 

The occipital branches, which are the terminal branches, are distributed to the scalp, 
and reach as high as the vertex of the skuU ; they are very tortuous, and lie between the 
skin and the occipital belly of Occipitofrontalis, anastomosing with the artery of the 
opposite side and with the posterior auricular and temporal arteries, and supplying the 
occipital belly of Occipitofrontalis, the skin and the pericranium. One of the terminal 
branches may give off a meningeal twig, which passes through the parietal foramen. 

6. The posterior auricular artery (fig. 706) is small and arises from the 
posterior surface of the external carotid artery immediately above the Digastric 
and Stylohyoid. It ascends, under cover of the parotid gland, on the styloid 
process of the temporal bone, to the groove between the cartilage of the auricle 
and the mastoid process, where it divides into auricular and occipital branches. 

In addition to supplying small branches to the Digastric, Stylohyoid, Sternomastoid, 
and parotid gland, this vessel gives off the three following branches : 

Stylomastoid. Auricular. Occipital. 

The stylomastoid artery enters the stylomastoid foramen, and supplies the tympanic 
cavity, the tympanic antrum, the mastoid air-cells and the semicircular canals. In the 
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young subject a branch from this vessel (termed the posterior tympanic artery) forms, 
vdth the anterior tympanic artery from the maxillary (internal maxillary), a vascular 
circle which surrounds, and supplies small vessels to, the deep surface of the tympanic 
membrane. It anastomoses with the superficial petrosal branch of the middle meningeal 
artery. 

The auricular branch ascends under cover of the Auricularis posterior, and ramifies 
on the cranial surface of the auricle ; some of its branches pierce the auricle, and others 
curve round its margin to supply its lateral surface. It anastomoses with the posterior 
and auricular branches of the superficial temporal artery. 

The occipital branch passes laterally across the front of the mastoid process and 
then backwards over the Stemomastoid to the occipital belly of the Occipitofrontalis 
muscle and to the scalp above and behind the ear ; it anastomoses with the occipital 
artery. 

7. The superficial temporal artery (fig. 702), the smaller terminal branch of 
the external carotid artery, begius in the parotid gland, behind the neck of the 
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Fig. 707. — drawing of a dissection to show the course of the occipital artery. 
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mandible, and crosses over the posterior root of the zygomatic process of 
the temporal bone ; , about 5 cm. above this process it ivides into anterior 
and posterior branches. 

Relations, — ^As it crosses the zygomatic process, it is covered by the 
Auricularis anterior ; it is crossed in the substance of the parotid gland 
by the temporal and zygomatic branches of the facial nerve, and is 
accompanied in the scalp by the auriculotemporal nerve, which lies im- 
mediately behind it. 

It supplies some twigs to the parotid gland, the mandibular joint and the Masse ter, and 
gives off the following branches : 

Transverse facial. Zygomatic. Anterior. 

Auricular. Mddle temporal. Posterior. 

The transverse facial artery (fig. 706) arises from the superficial temporal artery before 
that vessel quits the parotid gland ; it runs forwards through the substance of the gland, 
passes across the Masseter between the parotid duct and the zygomatic arch, accompanied 
by one or two branches of the facial nerve. It divides into numerous branches, which 
supply the parotid gland and duct, the Masseter, and the skin, and anastomose with the 
facial (external maxillary), masseteric, buccal, and infra-orbital arteries. 

The auricular branches are distributed to the lobule and anterior portion of the auricle, 
and to the external auditory meatus ; they anastomose with the posterior auricular artery. 
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The zygomatic artery, sometimes a branch of the middle temporal artery, runs along 
the upper border of the zygomatic arch between the two layers of the temporal fascia to 
the lateral angle of the orbit. It supplies branches to the Orbicularis oculi, and anastomoses 
with the lacrimal and palpebral branches of the ophthalmic artery. 

The middle temporal artery arises immediately above the zygomatic arch, and, per- 
forating the temporal fascia, gives branches to the Temporalis ; it anastomoses with 
the deep temporal branches of the maxillary artery. 

The anterior (frontal) branch runs tortuously upwards and forwards towards the frontal 
eminence ; it supplies the muscles, skin and pericranium in this region, and anastomoses 
with its fellow of the opposite side, and with the supra-orbital and supratrochlear (frontal) 
arteries. 

The posterior (parietal) branch, larger than the anterior, curves upwards and backwards 
on the side of the head, lying superficial to the temporal fascia, and anastomosing with 
its fellow of the opposite side, and with the posterior auricular and occipital arteries. 

Applied Anatomy . — ^As the superficial temporal artery crosses the zygomatic process, 
it lies beneath the skin and fascia, and its pulsations may be readily felt during the admin- 
istration of an anaesthetic, or in circumstances where the radial pulse is not available ; it 
may be compressed easily against the bone in order to* check bleeding from the temporal 
region of the scalp. When a flajp is raised from this part of the head, for trephining, the 
incision should be shaped like a horseshoe, with its convexity upwards, so that the flap shall 
contain the superficial temporal artery, which ensures a sufficient supply of blood. 

8. The maxillary artery (mtemal maxillary artery) (jfig. 708), the larger 
terminal branch of the external carotid artery, arises behind the neck of the 
mandible and is at first imbedded in the parotid gland ; it passes forwards 
between the neck of the mandible and the sphenomandibiilar ligament, and 
then running either superficial or deep to the lower head of the Lateral ptery- 
goid, enters the pterygopalatine fossa between the two heads of that 
muscle. It may be divided into mandibular, pterygoid and pterygopalatine 
portions. 

The first or mandibular portion passes horizontally forwards, between the 
neck of the mandible and the sphenomandibular ligament, where it lies parallel 
with and a little below the auriculotemporal nerve ; it crosses the inferior dental 
nerve, and runs along the lower border of the Lateral pterygoid. 

The second or pterygoid portion runs obliquely forwards and upwards under 
cover of the Temporal muscle, and superficial to the lower head of the Lateral 
pterygoid muscle ; very frequently it lies deep to the latter, between it and 
the branches of the mandibular nerve, and in this case, before entering on the 
third part of its course, it often forms a wide loop which projects laterally 
between the two heads of the Lateral pterygoid muscle. 

The third or pterygopalatine portion passes between the upper and lower 
heads of the Lateral pterygoid muscle, and through the pterygomaxillary 
fissure into the pterygopalatine fossa, where it lies in front of the sphenopalatine 
ganglion. 

The branches of the vessel may be divided into three groups, corresponding 
with its three portions. 


The Beahches of the First or Mandibular Portion of the 
Maxillary Artery (fig. 708) 

Deep auricular. Middle meningeal. 

Anterior tympanic. Accessory meningeal. 

Inferior dental. 

The deep auricular artery, a small branch, often arises in common with the anterior 
t;pnpanic. It ascends in the substance of the parotid gland, behind the mandibular joint, 
pierces the cartfiagiuous or bony wall of the external auditory meatus, and supplies its 
cuticular lining and the outer surface of the tympanic membrane ; it gives a branch to 
the mandibular joint. 

The anterior tympanic artery, a small branch, ascends behind the mandibular joint, 
and enters the tympanic cavity through the squamotympanic fissure ; it ramifies upon the 
fyjupanic membrane, and forms a vascular circle aroimd it with the posterior tympanic 
branch of the stylomastoid artery ; it anastomoses with the artery of the pterygoid canal 
and with the caroticotympanic branch from the internal carotid artery. 
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The middle meningeal axtery is the largest of the meningeal arteries. It 
ascends between the sphenomandibular ligament and the Lateral pterygoid 
muscle, and between the two roots of the auriculotemporal nerve, and may lie 
on the lateral surface of the Tensor palati just before it enters the cranial 
cavity through the foramen spinosum of the sphenoid bone ; it then runs 
forwards and laterally for a variable distance in a groove on the anterior part 
of the squamous part of the temporal bone, and divides into an anterior and a 
posterior branch. The anterior branch, the larger, crosses the greater wing of 
the sphenoid bone, reaches the groove, or canal, in the anterior inferior angle 
of the parietal bone, and then divides into branches which spread out between 
the dura mater and internal surface of the cranium, some passing upwards 
as far as the vertex, and others backwards to the occipital region. One branch 


Fig. 708 — ^The right maxillary (internal maxillary) artery. 
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An extensive dissection has been carried out, involving the removal of the parotid gland, the 
zygomatic arch, part of the ramus of the mandible, the lateral walls of the orbit and maxillary sinus 
and the orbital contents. 


runs upwards, grooving the parietal bone about 1*5 cm. behind the coronal 
suture. It corresponds, in a general way, to the line of the precentral sulcus 
of the brain. The ^posterior branch curves backwards on the squamous part of 
the temporal bone, and, reaching the lower border of the parietal bone some 
distance in front of its posterior inferior angle, divides into branches which 
supply the posterior part of the dura mater and cranium. The branches of the 
middle meningeal artery anastomose with the arteries of the opposite side, and 
with the anterior and posterior meningeal arteries. 

The middle meningeal artery gives off the following branches within the cranial cavity : 
1. Numerous small ganglionic branches supply the ganglion and the roots of the trigeminal 
nerve. 2. A superficial petrosal branch enters the hiatus for the greater superficial petrosal 
nerve, gives twigs to the facial nerve and the tympanic cavity, and anastomoses with the 
stylomastoid branch of the posterior auricular artery. 3. A superior tympanic artery runs 
in the canal for the Tensor t 3 nnpani, and supplies this muscle and the lining membrane of 
G.A. 2 2 
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the canal. 4. Temporal branches pass through minute foramina in the greater wing of the 
sphenoid, and anastomose in the temporal fossa with the deep temporal arteries. 5. An 
orbital branch (p. 148) runs forwards and enters the orbit through the lateral part of the 
superior orbital fissure. It anastomoses with a recurrent meningeal branch of the lacrimal 
artery, and an enlargement of this anastomosis explains the occasional origin of the lacrimal 
from the middle meningeal artery. 

Applied Anatomy . — The middle meningeal artery is of considerable surgical importance, 
as it may be torn in fractures of the temporal region of the skull, or, indeed, by injuries 
causing separation of the dura mater from the bone without fracture. The injury may be 
followed by considerable hsemorrhage between the bone and dura mater, which produces 
symptoms of compression of the brain, and requires trephining for its relief. As the 
compression implicates the motor region of the cortex, paralysis on the opposite side of 
the body forms the prominent symptom of the lesion. The anterior branch of this artery 
lies in a groove or a bony canal on the anterior inferior angle of the parietal bone at a point 
4 cm. behind the zygomatic process of the frontal bone, and 4*5 cm. above the zygomatic 
arch. From this point it passes upwards and slightly backwards to the sagittal suture, 
lying about 1*25 to 2 cm. behind the coronal suture. 

The accessory meningeal branch may arise from the maxillary artery or from the middle 
meningeal artery. It enters the cranial cavity through the foramen ovale, and supplies 
branches to the trigeminal ganglion and the dura mater. 

The inferior dental artery descends posterior to the inferior dental nerve to 
the mandibular foramen on the medial surface of the ramus of the mandible. 
In this part of its course the artery lies between the bone on the lateral side, 
and the sphenomandibular ligament on the medial side. Before it enters the 
mandibular foramen, it gives off a mylohyoid branch, which pierces the spheno- 
mandibular ligament, and descends with the mylohyoid nerve in the mylohyoid 
groove on the ramus of the mandible ; it ramifies on the superficial surface of 
the Mylohyoid muscle and anastomoses with the submental branch of the 
facial (external maxillary) artery. The inferior dental artery then runs in 
the mandibular canal, accompanied by the inferior dental nerve, and, opposite 
the first premolar tooth, divides into two branches, incisor and mental. The 
incisor branch is continued forwards below the incisor . teeth as far as the 
median plane, where it anastomoses with the artery of the opposite side. Within 
the canal the inferior dental artery and its incisor branch give off a few twigs to 
the mandible, and a series of branches which correspond in number to the roots 
of the teeth ,* these enter the minute apertures at the extremities of the roots, 
and supply the pulp of the teeth. The mental branch escapes at the mental 
foramen, supplies the chin, and anastomoses with the submental and inferior 
labial arteries. Near its origin the inferior dental artery gives off a lingual 
branch, which descends with the lingual nerve and supplies the mucous mem- 
brane of the mouth. 


The Bhahohes oe the Second ob Ptebyooid Pobtion of the 
Maxillaby Abteby (fig. 708) 

Deep temporal. Pterygoid. Masseteric. Buccal. 

The deep temporal branches, an anterior and a posterior, ascend between the Temporalis 
and the pericranium ; they supply the muscle, and anastomose with the middle temporal 
artery ; the anterior communicates with the lacrimal artery by means of small branches 
which perforate the zygomatic bone and greater wing of the sphenoid bone. 

The pterygoid branches, irregular in their number and origin, supply the Pterygoid 
muscles. 

The masseteric artery is small and passes with the corresponding nerve behind the 
tendon of the Temporalis, and through the mandibular notch to the deep surface of the 
Masseter. In the substance of that muscle it anastomoses with the masseteric branches 
of the facial (external maxillary) and with branches of the transverse facial artery. 

The buccal artery is small and runs obliquely forwards with the buccal nerve, between 
the Medial pterygoid and the insertion of the Temporal muscle, to the outer surface of the 
Buccinator, to which it is distributed, anastomosing with branches of the facial and infra- 
orbital arteries. 
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The Branches of the Third or Pterygopalatine Portion of the 

Maxillary Artery. 

Posterior superior dental. Pharyngeal. 

Infra-orbital. Artery of the pterygoid canal. 

Greater palatine. Sphenopalatine. 

The posterior superior dental artery (posterior superior alveolar artery) is given off 
from the maxillary artery as that vessel enters the pterygopalatine fossa. Descending 
upon the posterior surface of the maxilla, it divides into branches, some of which enter 
the dental canals, and supply the molar and premolar teeth and the lining of the 
maxiQary sinus, while others are continued forwards on the alveolar process to supply 
the gums. 

The infra-orbital artery often arises in conjunction with the posterior superior 
dental artery. It enters the orbital cavity through the posterior part of the 
inferior orbital fissure, runs along the infira-orbital groove and canal with the 
infra-orbital nerve, and emerges with the nerve on the face through the infra- 
orbital foramen, deep to the Levator labii superioris. Whilst in the canal, it 
gives off (a) orbital branches, which assist in supplying the Rectus inferior, the 
Obliquus inferior and the lacrimal sac, and (b) anterior superior dental branches, 
which descend through the anterior dental canals to supply the upper incisor 
and canine teeth, and the mucous membrane of the ma^^ary sinus. On the 
face, some branches ascend to the medial angle of the eye and the lacrimal sac, 
anastomosing with the terminal branches of the facial (externaT maxillary) 
artery ; others run towards the nose, anastomosing with the dorsal nasal 
branch of the ophthalmic artery ; and others descend between the Levator 
labii superioris and the Levator anguli oris (Caninus), and anastomose with the 
facial, transverse facial and buccal arteries. 

The remaining branches of the maxillary artery arise from that portion of 
the artery which is contained in the pterygopalatine fossa. 

The greater palatine artery (descending palatine artery) descends through the greater 
palatine (pterygopalatine) canal with the greater palatiue nerve from the sphenopalatine 
ganglion, and gives off two or three lesser palatine arteries, which are transmitted through 
the lesser palatiue canals to supply the soft palate and tonsil, and to anastomose with the 
ascending palatiue artery. The greater palatine artery emerges on the oral surface of the 
palate through the greater palatine foramen, runs forwards, in a groove near the alveolar 
border of the hard palate, to the incisive canal ; its terminal part passes upwards through 
this canal, and anastomoses with a branch of the sphenopalatine artery. Branches are 
distributed to the gums, the palatine glands and the mucous membrane of the roof of 
the mouth. 

The pharyngeal branch is very small; it runs backwards through the pharyngeal 
canal with the pharyngeal branch of the sphenopalatine ganglion, and is distributed to the 
roof of the nose and pharynx, to the sphenoidal air-sinus and the pharyngotympanic tube. 

The artery of the pterygoid canal, frequently a branch of the greater (descending) 
palatiue artery, passes backwards along the pterygoid canal with the corresponding nerve. 
It is distributed to the upper part of the pharynx and to the pharyngotympanic tube, and 
sends into the tympanic cavity a small branch which anastomoses with the other tympanic 
arteries. 

The pharyngeal branch is medial, and the artery of the pterygoid canal lateral, to the 
sphenopalatiue ganghon, while the trunk of the maxillary artery is in front of it. 

The sphenopalatine artery is really the terminal part of the maxillary artery ; it passes 
through the sphenopalatine foramen into the cavity of the nose at the posterior part of 
the superior meatus. Here it gives off its posterior lateral nasal branches, which ramify over 
the conchae and meatuses, anastomose with the ethmoidal arteries and the nasal branches 
of the greater palatiue artery, and assist in supplying the frontal, maxiUary, ethmoidal 
and sphenoidal sinuses. Crossing the anterior part of the under surface of the sphen- 
oid bone, the sphenopalatine artery ends on the nasal septum as the posterior septal 
branches, which anastomose with the ethmoidal arteries ; one branch descends in 
a groove on the vomer to the incisive canal and anastomoses* with the terminal ascend- 
ing branch of the greater palatiue artery, and with the septal branch of the superior 
labial artery. 
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The Tbiangles of the Neck (fig. 709 ) 

The side of the neck presents a somewhat quadrilateral outline, limited 
above by the base of the mandible, and a line drawn from the angle of the 
mandible to the mastoid process ; below, by the upper border of the clavicle ; 
in front, by the anterior median line of the neck ; behind, by the anterior 
margin of the Trapezius. This space is subdivided by the Sternomastoid 
muscle, which passes obliquely across the neck, from the sternum and clavicle 
below, to the mastoid process and occipital bone above. The area in front of 
this muscle is called the anterior triangle of the neck ; that behind it, the 
posterior triangle. 


The Ahtebior Tbiangle of the Neck (figs. 709 , 710 ) 

The anterior triangle of the neck is bounded anteriorly by the anterior median 
line of the neck, posteriorly, by the anterior margin of the Sternomastoid ; its 
base, directed upwards, is formed by the base of the mandible, and a line 
from the angle of the mandible to the mastoid process : its apex is below, at 
the sternum. This triangle may be subdivided into muscular, carotid, digastric 
and submental triangles. 

The muscular triangle is bounded, in front, by the median line of the neck 
from the hyoid bone to the sternum ; behind and below, by the anterior 
margin of the Sternomastoid ; behind and above, by the superior beUy of 
the Omohyoid. It is covered by the skin, superficial fascia, Platysma and 
deep fascia, ramifying in which are some of the branches of the anterior 
cutaneous cervical nerve (nervus cutaneus colli). The floor of the triangle 
is formed by the Sternohyoid, the Sternothyroid and the superior beUy of 
the Omohyoid. 

The carotid triangle is limited, behind, by the Sternomastoid ; in front and 
below, by the superior belly of the Omohyoid ; and above, by the Stylohyoid 
and the posterior belly of the Digastric. It is covered by the skin, superficial 
fascia, Platysma and deep fascia, ramifying in which are branches of the facial 
and the cutaneous cervical nerves. Its floor is formed by parts of the Thyro- 
hyoid, Hyoglossus, and the Inferior and Middle constrictor muscles of the 
pharynx. When this space is dissected it is seen to contain the upper part of 
the common carotid artery, which divides opposite the superior border of the 
thyroid cartilage into the external and internal carotid arteries. These vessels 
are overlapped by the anterior margin of the Sternomastoid. The external 
and internal carotid arteries he side by side, the external being the more 
anterior. The following branches of the external carotid artery are also 
encountered : the superior thyroid, running forwards and downwards ; the 
lingual, forwards with an upward loop ; the facial (external maxillary), forwards 
and upwards ; the occipital, upwards and backwards ; and the ascending 
pharyngeal, directly upwards on the medial side of the internal carotid. The 
veins encountered are : the internal jugular, which hes on the lateral side of 
the common and internal carotid arteries ; and veins corresponding to the 
above-mentioned branches of the external carotid artery— viz. the superior 
thyroid, the lingual, common facial, ascending pharyngeal, and sometimes the 
occipital — aU of which end in the internal jugular vein. The hypoglossal nerve 
crosses both the internal and external carotid arteries, curving round the origin 
of the lower Sternomastoid branch of the occipital artery ; in this position it 
gives off its descending ramus, which runs down in the anterior wall of the 
carotid sheath. The vagus nerve lies within the sheath, between the common 
carotid artery and the internal jugular vein, and behind both ; behind the 
sheath is the sympathetic trunk. The accessory nerve appears at the lower 
border of the posterior belly of the Digastric, and descends for a short distance 
on the lateral side of the vessels before it pierces the deep surface of the Sterno- 
mastoid. On the medial side of the external carotid artery, below the hyoid 
bone, is the interi^al laryngeal nerve ; and, stiU more inferiorly, the external 



717 


THE ANTERIOR TRLANGLE OF THE NECK 

lair^geal nerve. The upper portion of the larynx and lower portion of the 
pharynx are also found in the anterior part of this triangle. 

It should be noted that many of the structures which have been included 
in the above description of the contents of the carotid triangle actually lie under 
cover of the Stemomastoid and can be seen only when the anterior border of 
the muscle is retracted. 

The digastric triangle is bounded, above, by tjbe base of the mandible and 
a line drawn ifrom its angle to the mastoid process ; below, by the posterior 
belly of the Digastric and the Stylohyoid ; in front, by the anterior belly of the 
Digastric. It is covered by the skin, superficial fascia, Platysma and deep fascia, 
ramifying in which are branches of the facial and anterior cutaneous cervical 
nerves. Its floor is formed by the Mylohyoid and Hyoglossus muscles. It is 
divided into an anterior and a posterior part by the stylomandibular ligament. 
The anterior part contains the submandibular (submaxillary) gland, superficial 


Fig. 709. — ^The triangles of the neck. 



Supraclavicular triangle 


to which is the anterior facial vein, w^hile deep to it is the facial artery, which 
crosses the lower border of the mandible at the anterior edge of the Masseter ; 
on the surface of the Mylohyoid are the submental artery and the mylohyoid 
artery and nerve. The posterior part of this triangle contains the lower 
part of the parotid gland ; the external carotid artery ascends between the 
gland and the Stylohyoid muscle and then in the substance of the gland ; in 
this triangle the external carotid artery lies superficial to the internal carotid 
and crosses lateral to it ; more deeply placed, and separated from the external 
carotid artery by the Styloglossus, the Stylopharnygeus and the glosso- 
phamygeal nerve, are the internal carotid artery, the internal jugular vein and 
the vagus nerve. 

The submental triangle is limited on each side by the anterior belly of the 
Digastric ; its apex is at the mandible ; its base is formed by the body of the 
hyoid bone, and its floor by the Mylohyoid muscles. It contains one or two 
lymph glands and some small veins ; the latter unite to form the anterior 
jugular vein. 


The Posterior Tria^tgle of the Neck (fig. 709 ) 

The posterior triangle of the neck is bounded, in front, by the Stemomastoid ; 
behind, by the anterior margin of the Trapezius ; its base is formed by the 
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middle one-third of the clavicle ; its apex is at the occipital bone be- 
tween the attachments of the Sternomastoid and the Trapezius. The 
triangle is crossed, about 2*5 cm. above the clavicle, by the inferior belly of the 
Omohyoid, which divides the triangle into an occipital and a supraclavicular 
triangle. 

The occipital triangle, the upper and larger division of the posterior triangle, 
is bounded in front by the Sternomastoid ; behind, by the Trapezius ; below, 
by the Omohyoid. Its floor is formed jfrom above downwards by the Splenius 
capitis. Levator scapulae, and the Scaleni medius et posterior ; sometimes a 
small part of the Semispinalis capitis is seen at the apex of the triangle. It is 

Fig. 710. — A drawing of a dissection of the carotid triangle of the neck. 
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covered by the skin, the superficial and deep fasciae, and below by the Platysma. 
The accessory nerve pierces the Sternomastoid and is directed obliquely across 
the space on the Levator scapulae to reach the under surface of the Trapezius ; 
the cutaneous and muscular branches of the cervical plexus appear at the 
posterior border of the Sternomastoid ; below, the supraclavicular nerves 
and the transverse cervical vessels and the upper part of the brachial plexus 
cross the space. A chain of lymph glands is also found running along the 
posterior border of the Sternomastoid, from the mastoid process to the root 
of the neck. 

The supraclavicular triangle, the lower and smaller division of the posterior 
triangle, is bounded, above, by the inferior belly of the Omohyoid ; below, by 
the clavicle ; its base is formed by the lower part of the posterior border of 
the Sternomastoid. Its floor consists of the first rib, the insertion of the 
Scalenus medius and the first digitation of the Serratus anterior. The size of 
this triangle varies with the extent of attachment of the clavicular portions of 
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the Stemomastoid and Trapezius, and also with the level at which the inferior 
belly of the Omohyoid crosses the neck ; this level is lowered when the arm is 
raised, and raised when the arm is depressed. The triangle is covered by the 
skin, the superficial and deep fasciae, and the Platysma, and crossed by the 
supraclavicular nerves. Just above the level of the clavicle, the third portion 
of the subclavian artery curves laterally and downwards from the lateral 


Fig. 711. — A dissection to show the whole course of the right vertebral and 
internal carotid arteries. 
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margin of the Scalenus anterior, across the first rib, to the axilla. The sub- 
clavian vein lies behind the clavicle, and is not usually seen in this space ; but 
in some cases it rises as high as the artery, and has even been seen to accompany 
that vessel behind the Scalenus anterior. The brachial plexus of nerves lies 
partly above and partly behind the artery, and in close contact with it. The 
suprascapular (transverse scapular) vessels pass transversely behind the clavicle ; 
and running in the same direction, but at a slightly higher level, are the trans- 
verse cervical artery and vein. The external jugular vein descends behind the 
posterior border of the Stemomastoid, to terminate in the subclavian vein ; it 
receives the transverse cervical and suprascapular veins, which form a plexus 
in front of the third part of the subclavian artery, and occasionally it is joined 
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by a small vein which crosses the clavicle from the cephalic vein. The small 
nerve to the Subclavius also crosses this triangle about its middle, and some 
lymjDh glands are contained within the space. 

The Internal Carotid Artery 

The internal carotid artery (fig. 711) supplies the greater part of the cerebral 
hemisphere, the eye and its appendages, and sends branches to the forehead 
and nose. It begins at the bifurcation of the common carotid artery, where it 
usually presents a localised dilatation, termed the carotid sinus (p. 700). It 
ascends to the base of the skull, and enters the cranial cavity through the 
carotid canal of the temporal bone. It then runs forward through the cavernous 
sinus, lying in the carotid groove on the side of the body of the sphenoid bone, 
and ends below the anterior perforated substance of the brain by dividing mto 
the anterior and the middle cerebral arteries. 

The internal carotid artery may accordingly be divided into four portions : 
cervical, petrous, cavernous and cerebral. 

The cervical portion. — This portion of the internal carotid artery begins at 
the bifurcation of the common carotid artery, at the upper border of the th 3 n:oid 
cartilage, and ascends in front of the transverse processes of the upper three 
cervical vertebrae to the lower end of the carotid canal in the petrous portion 
of the temporal bone. It is comparatively superficial at its commencement, 
where it is contained in the carotid triangle, but after passing deep to the 
posterior belly of the Digastric muscle it lies on a much deeper plane. It 
presents important relations with the internal jugular vein, the vagus nerve and 
the external carotid artery. Except at the base of the skull, the internal jugular 
vein and the vagus nerve lie on its lateral side ; the external carotid artery is 
at first anterior and medial to the internal carotid but on leaving the carotid 
triangle it curves backwards so as to lie superficial to the vessel. 

The cervical portion of the internal carotid artery has many additional 
relations. Posteriorly, it rests on the Longus capitis muscle, but the superior 
cervical sympathetic ganglion intervenes and the superior laryngeal nerve 
crosses obliquely behind the vessel. Medially, the artery is related to the wall 
of the pharynx (from which it is separated by an interval containing some 
fat, connective tissue and the pharyngeal veins), the ascending pharyngeal 
artery and the superior laryngeal nerve. Anterolaterally, the internal carotid 
artery is covered throughout by the Sternomastoid muscle. In addition, 
below the Digastric, the hypoglossal nerve and its descending branch, the lingual 
and common facial veins are superficial to the artery. At the level of the 
Digastric the vessel is crossed by the Stylohyoid muscle and by the occipital 
and posterior auricular arteries. Above the Digastric, it is separated from the 
external carotid artery by the styloid process, the Styloglossus and Stylo- 
pharyngeus muscles, the glossopharyngeal nerve, the pharyngeal branch of 
the vagus and the deeper part of the parotid gland. At the base of the skull 
the glossopharyngeal, vagus, accessory and hypoglossal nerves are between 
the internal carotid artery and the internal jugular vein, which here lies posterior 
to the artery. 

The petrous portion. — ^When the internal carotid artery enters the carotid 
canal in the petrous portion of the temporal bone, it first ascends, and then 
curves forwards and medially. As it leaves the canal to enter the cranial cavity, 
it runs upwards and medially across the upper part of the foramen lacerum 
and above the.fibrocartilage which it contains. Finally, it passes between the 
lingula and petrosal process of the sphenoid bone. The artery lies at first 
in front of the cochlea and tympanic cavity ,* it is separated from the latter , 
cavity and from the pharyngotympanio tube (auditory tube) by a thin, bony 
lamella, which is cribriform in the young subject, and often partly absorbed in 
old age. Farther forwards it is separated from the trigeminal ganglion by a 
thin plate of bone, which forms the floor of the trigeminal impression and the 
roof of the horizontal portion of the carotid canal ; frequently this bony plate 
is more or less deficient. The artery is surrounded by a number of small veins 
and by the carotid plexus of nerves, which is derived from the internal carotid 
branch of the superior cervical ganglion of the s^jmipathetic trunk. 
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The cavernous portion of the internal carotid artery is situated in the 
cavernous sinus, but is covered by the lining endothelium of the sinus. It at 
first ascends towards the posterior clinoid process, then passes forwards on the 
side of the body of the sphenoid, and again curves upwards on the medial side 
of the anterior clinoid process, 
and perforates the dura mater 
forming the roof of the sinus ; 
occasionally the anterior and 
middle clinoid processes form a 
bony ring round the artery. The 
cavernous portion of the artery 
is surrounded by a sympathetic 
plexus, and the oculomotor, 
trochlear, ophthalmic and ab- 
ducent nerves (fig. 712) are on its 
lateral side. 

The cerebral portion. — After 
perforating the dura mater at 
the medial side of the anterior 
clinoid process, the internal 
carotid artery turns backwards 
below the optic nerves, and 
then passes between the -optic and oculomotor nerves to the anterior perforated 
substance at the medial end of the lateral cerebral sulcus, where it divides 
into the anterior and middle cerebral arteries. 

Peculiarities , — The length of the internal carotid artery varies with the length of the 
neck, and with the point of bifurcation of the common carotid. It arises occasionally from 
the arch of the aorta, and then has been found on the medial side of the external carotid, 
as far as the larynx, where it crossed behind the latter vessel to reach its usual position. 
The course of the cervical part of the artery, instead of being straight, may be very tortuous. 
When this occurs the vessel approaches nearer to the pharynx than usual, and may lie 
directly lateral to the tonsil.* A few instances are recorded in which it was absent ; in 
one of these the common carotid artery passed up the neck, and gave off the branches 
normally arising from the external carotid ; the cranial portion of the internal carotid 
artery was replaced by two branches of the maxillary artery, which entered the skull 
through the foramen rotundum and foramen ovale, and joined to form a single vessel. 

Applied Anatomy . — Obstruction of the internal carotid by embolism or thrombosis may 
give rise to symptoms of cerebral anaemia and softening if the collateral circulation is ill- 
developed. The patient suffers from giddiness, with failure of the mental powers ; and 
convulsions, coma, or hemiplegia on the opposite side of the body, may be observed. 


Fig. 712. — ^An oblique section through the left 
cavernous sinus. 
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Branches, — ^No branches arise from the cervical portion of the internal 
carotid artery. Those from the other portions are : 


From the petro'iis portion 
From the cavernous portion 

From the cerebral portion 


1. Caroticotympanic. 

2. Pterygoid. 

3. Cavernous. 

4. Hypophyseal. 

5. Meningeal. 

6. Ophthalmic. 

7. Anterior cerebral. 

8. Middle cerebral. 

9. Posterior communicating. 

10. Anterior choroid. 


1. The caroticotympanic branch is small; it enters the tympanic cavity through a 
foramen in the wall of the carotid canal, and anastomoses with the anterior tympanic 
branch of the maxillary artery, and with the stylomastoid artery. 

2. A small, inconstant pterygoid branch passes into the pterygoid canal with the nerve 
of that canal, and anastomoses with a branch of the greater palatine artery. 


* Consult an article by John Caimey, Journal of Anatomy, vol. lix. page 87. 
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3. The cavemoTis branches are numerous small vessels which supply the trigeminal 
ganglion, and the walls of the cavernous and inferior petrosal sinuses. Some of them 
anastomose with branches of the middle meningeal artery. 

4. The hypophyseal branches are one or two minute vessels which supply the hypophysis 
cerebri. 

5. The meningeal branch is a minute branch which passes over the 
lesser wing of the sphenoid to supply the dura mater of the anterior cranial 
fossa ; it anastomoses with the meningeal branch from the posterior ethmoidal 
artery. 

6. The ophthalmic artery (fig. 713) arises from the internal carotid artery, 
as that vessel emerges from the cavernous sinus on the medial side of the ant- 
erior clinoid process ; it enters the orbital cavity through the optic foramen, 
below and lateral to the optic nerve. In the orbital cavity it runs for a short 
distance lateral to the optic nerve and medial to the oculomotor and abducent 
nerves, the ciliary ganglion and the Rectus lateralis. It next crosses obliquely 
above the optic nerve and below the Rectus superior to reach the medial wall 
of the orbit. It then runs forwards between the Obhquus superior and the 
Rectus medialis, and, at the medial end of the upper eyelid, divides into two 
branches, named supratrochlear (frontal) and dorsal nasal. As the artery crosses 
the optic nerve it is accompanied by the nasociliary nerve, and is separated 
from the frontal nerve by the Rectus superior and Levator palpebrae superioris ; 
the termiflal part of the artery is accompanied by the infratrochlear nerve. 
In about 15 per cent, of subjects the ophthalmic artery crosses below the optic 
nerve. 

The branches of the ophthalmic artery are : 

Central artery of the retina. Long posterior ciliary. 

Lacrimal. Anterior ciliary. 

Muscular. Supra-orbital. 

Short posterior ciliary. Posterior ethmoidal. 

Anterior ethmoidal. 

The central artery of the retina, the first and one of the smallest branches of the ophthal- 
mic artery, arises from that vessel whilst it lies below the optic nerve. It runs for a short 
distance within the dural sheath of the optic nerve, and about 1 -25 cm. behind the eyeball 
it pierces the inferomedial surface of the nerve, and runs forward in the centre of the 
nerve to the retma. Its mode of distribution is described with the anatomy of the eye 
(p. 1176). 

The lacrimal artery arises from the ophthalmic artery close to the optic foramen, and 
is one of its largest branches ; sometimes it is given off before the ophthalmic artery enters 
the orbit ; occasionally its place is taken by a branch of the middle meningeal artery 
(p. 713). It accompanies the lacrimal nerve along the upper border of the Rectus lateralis, 
and supplies the lacrimal gland. Its terminal branches, escaping from the gland, are dis- 
tributed to the eyelids and conjunctiva : of those supplying the eyelids, two are of con- 
siderable size and are named the lateral palpebral arteries ; they run medially in the upper 
and lower lids respectively and anastomose with the medial palpebral arteries. The lacrimal 
artery gives off one or two zygomatic branches, one of which passes through the zygomatico- 
temporal foramen to the temporal fossa, and anastomoses with the deep temporal arteries ; 
another appears on the cheek through the zygomaticofacial foramen and anastomoses with 
the transverse facial artery. A recurrent meningeal branch passes backwards through the 
lateral part of the superior orbital fissure and anastomoses with a branch of the middle 
meniogeal artery. 

The muscular branches frequently spring from a common trunk. They consist of a 
superior and an inferior group, and most of them accompany the branches of the oculo- 
motor nerve. The superior group supplies the Levator palpebrae superioris. Recti superior 
et lateralis, and Obliquus superior. The inferior group, more constantly present, is 
distributed to the Recti medialis et inferior, and the Obliquus inferior. This group 
gives off most of the anterior ciliary arteries. Additional muscular branches are 
derived from the lacrimal and supra-orbital arteries, or from the trunk of the ophthalmic 
artery. 

The ciliary arteries are divisible into three groups, long and short posterior, and 
anterior. • 

The long posterior ciliary arteries, two in number, pierce the posterior part of the sclera 
a short distance from the entrance of the optic nerve, and run forwards, one on each side 
of the eyeball, between the sclera and choroid, to the ciliary muscle, where each divides 
into a superior and an inferior branch ; these form, together with the anterior ciliary arteries, 
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a great&r arterial circle, around the circumference of the iris, from which numerous converging 
branches run in the substance of the iris to its pupillary margin, where they form a lesser 
arter ial circle^ 

The short posterior ciliary arteries, about seven in number, pass forwards around the 
optic nerve to the posterior part of the eyeball, and, after dividing into from fifteen to 
twenty branches, pierce the sclera around the entrance of the nerve, and supply the choroid 
coat and the ciliary processes. At the entrance of the optic nerve they anastomose with 
twigs of the central artery of the retina, and at the ora serrata with branches of the long 
posterior and anterior ciliary arteries. 

The anterior ciliary arteries are derived from the muscular branches of the ophthalmic 
artery ; they run to the front of the eyeball in company with the tendons of the Recti, 
form a vascular zone beneath the 
conjunctiva, and then pierce the 
sclera a short distance from 
the sclerocomeal junction and 
end in the greater arterial circle. 

The supra-orbital artery leaves 
the ophthalmic artery as that 
vessel crosses the optic nerve. 

It ascends on the medial borders 
of the Rectus superior and Lev- 
ator palpebrsB superioris, and 
meeting the supra-orbital nerve 
accompanies it between the 
periosteum and Levator palpebrae 
superioris to the supra-orbital 
foramen; passing through this 
foramen it divides into a super- 
ficial and a deep branch, which 
supply the skin, muscles and 
pericranium of the forehead, 
anastomosing with the supra- 
trochlear (frontal) artery, the 
anterior branch of the superficial 
temporal artery, and the artery 
of the opposite side. In the 
orbit it supplies twigs to the 
Rectus superior and the Levator 
palpebrm, and sends a branch 
across the pulley of the Obliquus 
superior, to the parts at the 
medial angle of the eye.' At 
the supra-orbital foramen it fre- 
quently sends a branch to the 
diploe of the frontal bone. 

The posterior ethmoidal artery 
runs through the posterior 
ethmoidal canal, supplies the posterior ethmoidal sinuses, and, entering the cranium, 
gives off a meningeal branch to the dura mater, and nasal branches which descend 
into the nasal cavity through the cribriform plate of the ethmoid bone, to anastomose 
with branches of the sphenopalatine artery. 

The anterior ethmoidal artery accompanies the anterior ethmoidal nerve through the 
anterior ethmoidal canal, suppUes the anterior and middle ethmoidal and frontal sinuses, 
and, entering the cranium, gives off a meningeal branch to the dura mater, and nasal 
branches ; the latter descend into the nasal cavity with the anterior ethmoidal nerve and, 
running along the groove on the inner surface of the nasal bone, supply twigs to the lateral 
wall and septum of the nose, and a terminal branch which appears on the dorsum of the 
nose between the nasal bone and the upper nasal cartilage. 

The meningeal branch is a small branch which passes backwards through the superior 
orbital fissure to the middle cranial fossa, and anastomoses with the middle and accessory 
meningeal arteries. 

The medial palpebral arteries, two in number, superior and inferior, arise from the 
ophthalmic artery below the pulley of the Obliquus superior. They descend behind the 
lacrimal sac, and enter the eyehds, where each divides into two branches which course 
laterally along the edges of the tarsi, thus forming two arches (a superior and an inferior) 
in each eyelid. The superior palpebral artery anastomoses with the supra-orbital artery, 
and, at the lateral part of the eyehd, with the zygomatic branch of the superficial temporal 
artery, and with the upper of the two lateral palpebral branches of the lacrimal artery. 
The iziferior palpebral artery anastomoses at the lateral part of the eyelid with the lower 


Fig. 713. — ^The ophthalmic artery and its branches. 
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of the two lateral palpebral branches of the lacrimal artery and with the transverse facial 
artery, and at the medial part of the eyelid with a twig from the facial (external maxillary) 
artery ; from this last anastomosis a branch passes to the nasolacrimal duct, ramifying in 
its mucous membrane, as far as the inferior ndeatus of the nasal cavity. 

The supratrochlear artery (frontal artery), one of the terminal branches of the 
ophthalmic artery, leaves the orbital opening at its upper medial angle, with the supra- 
trochlear nerve, and, ascending on the forehead, supplies the skin, muscles and 
pericranium, anastomosing with the supraorbital artery and with the artery of the 
opposite side. 

The dorsal nasal artery, the other terminal branch of the ophthalmic artery, emerges 
from the orbit between the trochlea of the Obliquus superior and the medial palpebral 


Fig. 714. — The arteries at the base of the brain. 
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The right temporal pole and most of the right hemisphere of the cerebellum have been removed. 


ligament, and, after giving a twig to the upper part of the lacrimal sac, divides into two 
branches, one of which crosses the root of the nose, and anastomoses with the terminal 
part of the facial artery ; the other runs along the dorsum of the nose, supplies its outer 
surface, and anastomoses with the artery of the opposite side, and with the lateral nasal 
branch of the facial artery. 

7. The anterior cerebral artery (figs. 714, 715, 716) arises from the internal 
carotid artery, at the medial end of the lateral cerebral sulcus. It passes for- 
wards and medially above the optic nerve, to the commencement of the 
longitudinal fissure. Here it comes into close relationship with the opposite 
artery and is joined to it by a short transverse trunk (sometimes duplicated) 
named the anterior communicating artery. From this point, the two anterior 
cerebral arteries run side by side in the longitudinal cerebral fissure, curving 
round the genu of the corpus callosum, and running backwards along the upper 
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surface of this structure to its posterior extremity, where they end by anastom- 
osing with the posterior cerebral arteries. 

The anterior corrm/anicating artery has an average length of about 4 mm. 
and connects the two anterior cerebral arteries across the commencement of the 


Fig. 715. — The lateral surface of the cerebral hemisphere, showing the areas 
supplied by the cerebral arteries. In this and the next figure the areas supplied 
by the anterior cerebral artery are coloured blue ; those by the middle 
cerebral artery, pink ; and those by the posterior cerebral artery, yellow. 



longitudinal fissure ; in about 7 per cent, of subjects it is double. It gives off a 
few anteromedial central branches. 

In its course the anterior cerebral artery gives off the following branches : 

{ Orbital. 

Central. CorticaL' Frontal. 

[Parietal. 

The central branches are a group of small arteries which arise from the 
commencement of the anterior cerebral artery ; they pierce the anterior 
perforated substance and lamina terminalis, and supply the rostrum of the 


Fig. 716. — The medial surface of the cerebral hemisphere, showing the areas supplied 
by the cerebral arteries (see description of fig, 716). 



corpus callosum, the septum lucidum, the anterior part of the putamen of the 
lentiform nucleus and the head of the caudate nucleus. The cortical branches 
are distributed to the areas from which they take their names. The orbital 
branches, two or three in number, are distributed to the orbital surface of the 
frontal lobe, where they supply the olfactory lobe, gyrus rectus and medial 
orbital gyrus. The frontal branches supply the corpus caUoaum, the cingulate 
gjTTUs, the medial frontal gyrus and the paracentral lobule, and send twigs over 
the superomedial border of the cerebral hemisphere to the superior and middle 
frontal g 37 ri and the upper part of the precentral gyrus. The parietal branches 
supply the precuneus and adjacent lateral surface of the hemisphere. 
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8. The middle cerebral artery (figs. 714, 715), the largest branch of the 
internal carotid artery, runs at first laterally in the lateral cerebral sulcus and 
then backwards and upwards on the surface of the insula, where it divides into 
branches which are distributed to the insula and to the lateral surface of the 
cerebral hemisphere. 

The branches of the middle cerebral artery are the 


Central. 


Orbital. 


Cortical' 


Frontal. 

Parietal. 

Temporal. 


The central branches comprise a group of small arteries which arise from 
the commencement of the middle cerebral artery and enter the substance of the 

brain through the anterior perforated sub- 

liG. 717.-A diagram of the arteries at stance * They are araanged in two sets .• 
the base of the brain. one, termed the medial stnate, ascends 

through the lentiform nucleus, and sup- 
plies it, the caudate nucleus, and the in- 
ternal capsule ; the other, termed the ZafemZ 
striate, ascends over the lower part of 
the lateral aspect of the lentiform nucleus 
and then, bending medially, traverses the 
nucleus and the internal capsule to reach 
and supply the caudate nucleus. One 
artery of this group is larger than the rest, 
and of special importance as being the 
artery in the brain most frequently rup- 
tured ; it has been termed by Charcot 
the ' artery of cerebral hcemorrhage^ Of 
the cortical branches, the orbital branches 
supply the inferior frontal gyrus and the 
lateral part of the orbital surface of the 
frontal lobe. The frontal supplies the 
precentral and the middle frontal g 3 unis. 
The jparietal branches, two in number, are 
distributed to the postcentral gyrus, the 
lower part of the superior parietal lobule, 
and the whole of the inferior parietal 
lobule. The tem'poral branches, two or 
three m number, are distributed to the 
lateral surface of the temporal lobe. 

9. The posterior communicating artery 
(figs. 714, 717) runs backwards from the 
*T> internal carotid above the oculomotor 

branches. nerve, and anastomoses with the post- 

erior cerebral, a branch of the basilar 
artery. It is usually a small vessel, but is occasionally so large that the 
posterior cerebral may be considered as arising from the internal carotid 
rather than from the basilar. It is frequently larger on one side than on the 
other. From its posterior half are given off several small central branches, which, 
with similar vessels from the posterior cerebral artery, pierce the posterior 
perforated substance and supply the medial surface of the thalamus and the 
walls of the third ventricle. 

10. The anterior choroid artery ,f a small but constant branch, arises from the 
internal carotid, near the posterior communicating artery. Passing backwards 
above the medial part of the uncus, it crosses the optic tract and comes into 



* Consult an article on “The Basal Arteries of the Forebrain,” by Joseph L. Shellshear, 
Journal of Anatomy, vol. Iv. 1920. 

t Consult articles by A, A. Abbie on “ The Blood-Supply of the Lateral Geniculate Body, 
with aiN'ote on the Morphology of the Choroidal .^teries,” Journal of Anatomy, vol. 
Ixvii. 1933, and “ The Morphology of the Forebrain Arteries,” Journal of Anatomy, vol. Ixviii. 
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relation with the basis pedunculi, to which it gives several mimite branches. It 
then turns laterally, again crossing the optic tract, and comes into relation with 
the lateral aspect of the lateral geniculate body, to which it supplies a number of 
branches. Finally it enters the inferior horn of the lateral ventricle through the 
choroidal fissure and terminates in the choroid plexus. In addition, it supplies 
branches to the globus pallidus, the posterior limb of the internal capsule, the 
optic radiation, the optic tract, the hippocampus and the fimbria. 

The circulus arteriosus. — ^A considerable part of the brain is supplied by the 
two vertebral arteries (p. 732), and a remarkable anastomosis, named the 
circulus arteriosus^ exists between these vessels and the two internal carotid 
arteries. This circle is situated in the cisterna interpeduncularis at the base of 
the brain, and encloses the optic chiasma and the structures in the inter- 
peduncular fossa (p. 971). It is formed as follows : in front, the two anterior 
cerebral arteries are joined to each other by the anterior communicating artery ; 
behind, the basilar artery (formed by the union of the vertebral arteries) divides 
into the two posterior cerebral arteries, each of which is joined to the in- 
ternal carotid artery of the same side by the posterior communicating artery 
(fig. 717). 


THE ARTERIES OF THE BRAIN 

The mode of distribution of the vessels of the brain has an important bearing upon 
a considerable number of the pathological lesions which may occur in this part of the 
nervous system. 

The arteries which supply the brain give origin to two systems of vessels. One of these 
is named the central system, and its vessels supply the thalami and corpora striata ; the 
other is the cortical system, and its vessels ramify in the pia mater and supply the cortex 
and subjacent brain-substance. These two systems are independent of each other and do 
not communicate at any point of their peripheral distribution, and there is between the 
parts supplied by them a borderland of diminished nutritive activity where, it is said, 
softening of the brain is especially liable to occur. 

The central system. — All the vessels of this system are given off from the circulus 
arteriosus, or from the vessels close to it. They form six principal groups: (i) an 
anteromedial group, derived from the anterior cerebral and anterior communicating 
arteries ; (n) a posteromedial group, from the posterior cerebral and posterior commun- 
icating arteries ; (m and iv) right and left anterolateral groups, from the middle cerebral 
arteries ; and (V and vi) right and left posterolateral groups, from the posterior cerebral 
arteries after they have wound round the cerebral peduncles. The vessels of the central 
system are larger than those of the cortical system, and are known as end arteries or 
terminal arteries — ^that is to say, vessels which from their origin to their termination neither 
supply nor receive any anastomotic branch, so that, through any one vessel only a limited 
area of the thalamus or coipus striatum can be injected. 

The cortical system. — ^The vessels of this system are the terminal branches of the anterior, 
middle and posterior cerebral arteries. They divide in the substance of the pia mater, 
give off branches which penetrate the brain-cortex prependicularly, and are divisible into 
two classes, long and short. The long or medullary arteries pass through the grey matter 
and penetrate the subjacent white matter to the depth of 3 or 4 cm., without inter- 
communicating, and thus constitute so many independent small systems. The short 
vessels are confined to the cortex, where they form with the long vessels a compact network 
in the middle zone of the grey matter, the outer and inner zones being sparingly supplied 
with blood. The vessels of the cortical system are not so strictly ‘ terminal ’ as those of the 
central system, but they approach this type very closely, for, although neighbouriug vessels 
anastomose with one another very freely on the surface of the brain, they become end 
arteries as soon as they pierce its substance. 


THE ARTERIES OF THE UPPER LIMB 

The artery which supplies the upper limb runs as a single trunk as far as 
the elbow ; but it is differently named, according to the regions it traverses. 
From its origin to the outer border of the first rib it is termed subclavian ; from 
the outer border of the first rib to the lower border of the tendon of the Teres 
major it is named axillary ; and from the lower border of the Teres major to 
a point opposite the neck of the radius it is called brachial. 
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The Stjbclaviait Artebies 

The right subclavian artery arises from the innominate artery ; the left, 
from the arch of the aorta. The vessels, therefore, in the first parts of their 
courses, differ in their length, direction and relations. 

To facilitate description, each subclavian artery is divided into three parts ; 
the first extends from the origin of the vessel to the medial border of the Scalenus 
anterior, the second lies behind this muscle, and the third runs from the lateral 
margin of the muscle across the first rib to its outer border, where it becomes 
the axillary artery ; each artery arches over the cervical portion of the pleura. 
The first portions of the two vessels differ from one another in their origin, 
course and relations, and therefore require separate descriptions. The relations 
of the second and third parts are almost alike on the two sides of the neck. 


The Eirst Part oe the Right Sxjbclaviah ABTERy (figs. 718, 719) 

The first part of the right subclavian artery arises from the innominate 
artery, behind the upper part of the right sternoclavicular joint, and passes 


Fig. 718. — Structures in relation with the cervical pleura of the right side. 
Seen from below. 
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upwards and laterally to the medial margin of the Scalenus anterior. It ascends, 
on an average, about 2 cm. above the clavicle, but the height it reaches varies 
considerably in different cases. 
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Relations. — In front, the artery is covered by the skin, superficial fascia, 
Platysma, medial supraclavicular nerves, deep fascia, the clavicular origin of 
the Sternomastoid, the Sternohyoid and Sternothyroid. At its origin it is 
placed behind the origin of the right common carotid artery ; more laterally it 
is crossed by the vagus nerve and the cardiac branches of the vagus and sym- 
pathetic, by the internal jugular and vertebral veins ; the subclavian loop of 
the sympathetic trunk encircles the vessel . The anterior j ugular vein is directed 
laterally in front of the artery, but is separated from it by the Sternohyoid and 
Sternothyroid. Below and behind, the artery is related to the pleura and the 
apex of the lung, but it is separated from them by the suprapleural membrane 
(p. 1247), the ansa subclavia, a small accessory vertebral vein (p. 812), and the 
right recurrent laryngeal nerve, which winds round the lower and posterior 
part of the vessel ; behind, the artery is related to the sympathetic trunk, the 
Longus cervicis (Longus colli), the right recurrent laryngeal nerve and the first 
thoracic vertebra. 


The First Part of the Left Subci^vian Artery (figs. 697, 700, 703) 

The first part of the left subclavian artery arises from the arch of the aorta, 
behind the left common carotid, usually at the level of the disc between the 
third and fourth thoracic vertebrae ; it ascends to the root of the neck and then 
arches laterally to the medial border of the Scalenus anterior. 

Relations. (1) Within the thorax. — It is related, in front, to the left common 
carotid artery and the commencement of the left innominate vein, from which 
it is separated by the left vagus, cardiac and phrenic nerves. Superficial to 
these structures, the anterior margin of the left lung and pleura and the Sterno- 
thyroid and Sternohyoid muscles intervene between the vessel and the upper, 
left portion of the manubrium sterni. Behind, it lies, successively, on the left 
edge of the oesophagus, the thoracic duct and the Longus cervicis (Longus colli), 
and it is in contact posteriorly, on its lateral aspect, with the left lung and 
pleura. Medially it is related, successively, to the trachea, the left recurrent 
laryngeal nerve, the oesophagus and the thoracic duct. Laterally the artery 
grooves the mediastinal surface of the left lung and pleura, and these structures, 
as already indicated, tend to encroach on its anterior and posterior aspects. 

(2) Within the neck. — ^Near the medial border of the Scalenus anterior the 
artery is crossed anteriorly by the left phrenic nerve and the terminal part of 
the thoracic duct. Otherwise the relations are the same as those previously 
described for the first part of the right subclavian artery. Posteriorly and 
inferiorly, the relations of the two vessels are identical, but the left recurrent 
laryngeal nerve, which was related to the left subclavian artery in the thorax, 
is not related to its cervical portion. 

The Second and Thied Parts of the Subclavian Artery (figs. 719, 720) 

The second portion of the subclavian artery lies behind the Scalenus anterior ; 
it is very short, and forms the highest part of the arch described by the vessel. 

Relations. — In front of it are the skin, superficial fascia, Platysma, deep 
cervical fascia, Sternomastoid and Scalenus anterior. On the right side of 
the neck the phrenic nerve is separated from the second part of the artery by 
the Scalenus anterior, while on the left side it crosses the Ifrst part of the artery 
close to the medial edge of the muscle. Behind and below the vessel are the 
pleura and lung ; above, the upper and middle trunks of the brachial plexus 
of nerves. The subclavian vein lies below and in front of the artery, separated 
from it by the Scalenus anterior (fig. 720). 

The third portion of the subclavian artery runs downwards and laterally 
from the lateral margin of the Scalenus anterior to the outer border of the first 
rib, where it becomes the axillary artery. This is the most superficial portion 
of the vessel, and is contained in the supraclavicular triangle (p. 718). 

Relations. — In front of it are the skhi, the superficial fascia, the Platysma, 
the supraclavicular nerves and the deep cervical fascia. The external jugular 
vein crosses its medial part and receives the suprascapular (transverse scapular), 
transverse cervical and anterior jugular veins, which frequently form a plexus 
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in front of the artery. The nerve to the Subclavius descends behind the veins 
and in jfront of the artery. The terminal part of the artery lies behind the 
clavicle and the Subclavius, and is crossed by the suprascapular vessels. The 
subclavian vein is in front of, and at a slightly lower level than, the artery. 
The lower trunk of the bracMal plexus lies behM the artery and intervenes 
between it and the Scalenus medius. Above, and to its lateral side, are the 
upper and middle trunks of the brachial plexus, and the inferior belly of the 
Omohyoid. Belm, it rests on the upper surface of the first rib. 


Fig. 719 . — A dissection of the right side of the neck showing the carotid 
and subclavian arteries and their branches. 
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The parotid and submandibular glands and the posterior belly of the digastric have been removed 
together with the lower part of the internal jugular vein, the upper part of the stylohyoid and the 
lower part of the sternomastoid nauscle. The upper part of toe sternomastoid muscle has been 
retracted to expose the structures under cover of it. 


Peculiarities . — The subclavian arteries vary in their origin, their course, and the height 
to which they rise in the neck. 

The right subclavian may arise from the innominate above or below the level of the 
sternoclavicular joint. It may arise as a separate trunk from the arch of the aorta, and 
may then be either its first or last branch. When it is the first branch, it occupies the 
ordinary position of the innominate artery ; and when the last it arises from the left 
extremity of the arch, and ascends obliquely towards the right side, behind the trachea, 
oesophagus, and right carotid to the upper border of the first rib, whence it follows its 
ordinary course. In these cases, the proximal part of the artery represents a persistent part 
of the right dorsal aorta, and the right fourth aortic arch takes no part in its formation 
(p. 148). Sometimes, when it arises as the last branch of the arcji of the aorta, the right 
subclavian artery passes between the trachea and the oesophagus.' 

Occasionally the subclavian artery perforates the Scalenus anterior ; very rarely it 
passes in front of that muscle. Sometimes the subclavian vein passes with the artery 
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behind the Scalenus anterior. The artery may ascend as high as 4 cm. above the clavicle 
or may only reach the level of the upper border of the bone. 

The left subclavian is occasionally joined at its origin with the left carotid. It is more 
deeply placed than the right subclavian in the first part of its course, and, as a rule, does 
not reach quite as high a level in the neck. 

The posterior border of the Stemomastoid corresponds closely to the lateral border 
of the Scalenus anterior, so that the third portion of the artery, the part most accessible 
for operation, lies immediately lateral to the posterior border of the Stemomastoid. 


Fia. 720. — The relations of the third part of the right subclavian artery. 
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N.B. — The clavicle has been removed hut is shown as a dotted outline. 


Applied Anatomy . — An aneurysm may form on any part of the subclavian artery, except 
the intrathoracic portion of the left vessel, which is said never to be the seat of aneurysm. 
The most common site is the third portion (especially on the right side). In this situation 
it may cause pressure on the brachial plexus, producing pain and numbness in the arm 
and fingers, with loss of power or paralysis of the muscles of these parts. CEdema of the 
arm may result from pressure on the subclavian vein. The external jugular vein may 
become distended and varicose. The collateral circulation is so good that blocking of the 
subclavian artery by embolism or thrombosis often fails to give rise to any striking signs 
or symptoms, beyond occasional pains in the neck and shoulder and some degree of weak- 
ness and wasting in the muscles of the arm. 

Compression of the subclavian artery may be required to control haemorrhage, and can 
be applied effectually in one situation only, viz. where the artery passes across the upper 
surface of the first rib. In order to compress the vessel in this situation, the shoulder should 
be depressed and pressure exercised downwards, backwards, and medially in the angle 
formed by the posterior border of the Stemomastoid with the upper border of the clavicle. 
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Ligature of the subclavian artery may be required in oases of wounds, or of aneurysm 
in the axilla, or in cases of aneurysm on the cardiac side of the point of ligature. 

The third part of the artery is that which is most favourable for an operation, on account 
of its being comparatively superficial and most remote from the origin of the large branches. 
In those cases where the clavicle is not displaced, this operation may be performed with 
comparative facility ; but where the clavicle is pushed up by a large aneurysmal tumour 
in the axilla, the artery lies at a great depth from the surface, and this materially increases 
the difficulty. 

The second part of the subclavian artery, the portion which rises highest in the neck, 
has been considered favourable for the application of the ligature when it is difficult to 
tie the artery in- the third part of its course. There are, however, many objections to the 
operation in this situation. It is necessary to divide the Scalenus anterior ; the phrenic 
nerve lies on the anterior surface of the muscle, and the internal jugular vein is situated 
in front of its medial edge ; and a wound of either of these structures might lead to the 
most dangerous consequences. Again, the artery is in contact below with the pleura, 
which must also be avoided ; and, lastly, the proximity of so many of its large branches 
arising medial to this point is a further objection to the operation. 

In those cases of aneurysm of the axillary or subclavian artery which encroach upon 
the lateral portion of the Scalenus anterior to such an extent that a ligature cannot be 
applied in that situation, it may be deemed advisable, as a last resource, to tie the first 
portion of the subclavian artery. On the left side, this operation is almost impracticable ; 
the great depth of the artery from the surface, its intimate relation with the pleura, and 
its close proximity to the thoracic duct and to so many important veins and nerves, present 
a series of difficulties which it is next to impossible to overcome. On the right side, the 
operation is practicable, the main difficulty being the smallness of the interval which usually 
exists between the commencement of the vessel and the origin of the nearest branch. The 
exact position of the vagus, recurrent laryngeal and phrenic nerves and the sympathetic 
trunk should be borne in mind, and the ligature should be applied near the origin of the 
vertebral, in order to afford as much room as possible for the formation of a coagulum 
between the ligature and the origin of the vessel. 

Collateral Circulation. — ^After ligature of the third part of the subclavian artery, the 
collateral circulation is established mainly by three sets of vessels : * 

1. A posterior set, consisting of the suprascapular (transverse scapular) artery and the 
deep branch of the transverse cervical artery, both derived from the subclavian, anastom- 
osing with the subscapular from the axillary. 

2. A medial set, produced by the connexion of the internal mammary on the one hand, 
with the superior intercostal, the lateral thoracic and subscapular arteries on the other. 

3. A middle or axillary set, consisting of a number of small vessels derived from branches 
of the subclavian and, passing through the axilla, terminating either in the axillary artery, 
or some of its branches. In the case quoted, this last set presented most conspicuously the 
peculiar character of newly formed or, rather, dilated arteries, being excessively tortuous, 
and forming a complete plexus. 

The chief agent in the restoration of the axillary artery below the aneurysm was the 
subscapular artery, which communicated freely with the internal mammary, suprascapular, 
and deep branch of the transverse cervical arteries of the subclavian, from all of which it 
received so great an influx of blood as to dilate it to three times its natural size. 

When a ligature is applied to the first part of the subclavian artery, the collateral 
circulation is carried on by the following anastomoses : 1, between the superior and inferior 
thyroids ; 2, the two vertebrals ; 3, the internal mammary with the inferior epigastric 
and the posterior (aortic) intercostals ; 4, the costocervical with the posterior mtercostals ; 
5, the deep cervical with the descending branch of the occipital ; 6, the scapular branches 
of the thyrocervical trunk with the branches of the axillary ; and 7, the thoracic branches 
of the axillary with the posterior intercostals. 

Branches.— The branches of the subclavian artery are : 

Vertebral. Thyrocervical trunk. 

Internal mammary. Costocervical trunk. 

On the left side of the neck all four branches generally rise from the first 
portion of the artery ; on the right side the costocervical trunk usually springs 
from the second portion. On both sides, the first three branches originate close 
together at the medial border of the Scalenus anterior. 

1. The vertebral artery (figs. 703, 711) arises from the upper and posterior 
part of the first portion of the subclavian artery. It ascends through the fora- 

* (^y^s Hospital Reports, vol. i. 1836. Case of axillary aneurysm, in which Aston Key 
had tied the subclavian artery at the lateral edge of the Scalenus anterior, twelve years 
previously. 
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mina in the transverse processes of the upper six cervical vertebrse,* winds 
behind the lateral mass of the atlas, enters the skull through the foramen 
magnum, and, at the lower border of the pons, unites with the vessel of the 
opposite side to form the basilar artery. 

Relations. — The vertebral artery may be divided into four parts. The first 
part rims upwards and backwards between the Longus cervicis (Longus colli) 
and the Scalenus anterior and behind the common carotid artery. In front 
it is related to the common carotid artery and the vertebral vein, and is 
crossed by the inferior thyroid artery ; on the left side it is crossed also 
by the thoracic duct. Behind, it is related to the transverse, process of the 
seventh cervical vertebra, the inferior cervical ganglion (fig. 997) and the 
anterior primary rami of the seventh and eighth cervical nerves. The second 
part ascends through the foramina transversaria of the upper six cervical 
vertebrae, and is accompanied by a large branch derived from the inferior 
cervical sympathetic ganglion, and by a plexus of veins which unite to form the 
vertebral vein at the lower part of the neck. It lies in front of the anterior 
primary rami of the cervical nerves (0. 2-C. 6) (fig. 703), and pursues an almost 
vertical course as far as the transverse process of the axis, through which it runs 
upwards and laterally to the foramen transversarium of the atlas. The third 
part issues from the latter foramen on the medial side of the Rectus capitis 
lateralis, and curves backwards behind the lateral mass of the atlas, the anterior 
primary ramus of the first cervical nerve being on its medial side ; it then lies in 
the groove on the upper surface of the posterior arch of the atlas, and enters the 
vertebral canal by passing below the lower, arched border of the posterior 
atlanto-occipital membrane. This part of the artery is covered by the Semi- 
spinalis capitis and is contained in the suboccipital triangle^ which is bounded 
by the Rectus capitis posterior major, the Obliquus superior and the Obliquus 
inferior. The posterior primary ramus of the first cervical nerve lies between 
the artery and the posterior arch of the atlas (fig. 591). The fourth part pierces 
the dura and the arachnoid mater, ascends in front of the roots of the hypo- 
glossal nerve (fig. 839), and iachnes medially to the front of the medulla 
oblongata, where, at the lower border of the pons, it-unites with the vessel of 
the opposite side to form the basilar artery (fig. 714). 

The branches of the vertebral artery may be divided into two sets — ^those 
given off in the neck, and those within the cranium. 

Cervical branches. Cranial branches. 

Spinal. Meningeal. 

Muscular. Posterior spinal. 

Anterior spinal. 

Posterior inferior cerebellar. 

MeduUary. 

Spinal branches enter the vertebral canal through the intervertebral foramina, and 
each divides into two branches. Of these, one passes along the roots of the nerves to supply 
the spinal cord and its membranes, anastomosing with the other arteries of the spinal 
cord ; the other divides into an ascending and a descending branch, which unite with 
similar branches from the arteries above and below, so that two lateral anastomotic chains 
are formed on the posterior surfaces of the bodies of the vertebrae, near the attachment of 
the pedicles. From these anastomotic chains branches are supplied to the periosteum 
and the bodies of the vertebrae, and others communicate with similar branches from the 
opposite side ; from these communications small twigs arise which join similar branches 
above and below, to form a central anastomotic chain on the posterior surfaces of the bodies 
of the vertebrae. 

Muscular branches arise from the vertebral artery as it curves round the lateral mass 
of the atlas. They supply the deep muscles of this region and anastomose with the occipital 
artery, and with the ascending and deep cervical arteries. 

One or two meningeal branches spring from the vertebral artery opposite the foramen 
magnum ; they ramify between the bone and dura mater in the cerebellar fossa, and supply 
the falx cerebeUi. 

The posterior spinal artery may arise from the vertebral artery at the side of the medulla 
oblongata, but is most frequently derived from the posterior inferior cerebellar artery. It 

* The vertebral artery sometimes enters the foramen in the transverse process of the 
fifth vertebra. 
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passes backwards, and then descends as two branches, one in front of and the other behind 
the posterior roots of the spinal nerves ; these are reinforced by a succession of spinal 
twigs which arise from the vertebral, ascending cervical, posterior intercostal and lumbar 
arteries, and enter the vertebral canal through the intervertebral foramina ; by means 
of these branches the posterior spinal arteries are continued to the lower part of 
the spinal cord, and to the cauda equina. Branches from the posterior spinal arteries 
form a free anastomosis with those of the opposite side. Near its origin each posterior 
spinal artery gives ojff an ascending branch, which ends at the side of the fourth 
ventricle. 

The anterior spinal artery is a small branch, which arises near the termination of the 
vertebral artery ; it descends in front of the medulla oblongata and unites with its fellow 
of the opposite side near the level of the lower end of the olive of the medulla oblongata. 
The single trunk, thus formed, descends on the front of the spinal cord, and is reinforced 
by a succession of small spinal branches which enter the vertebral canal through the 
intervertebral foramina; these branches are derived from the vertebral, the ascending 
cervical, posterior intercostal, and lumbar arteries. They unite, by means of ascending 
and descending branches, to form a single anterior median artery, which extends as far as 
the lower part of the spinal cord, and is continued as a slender twig on the filum terminale. 
This vessel is placed in the pia mater along the anterior median fissure ; it supplies that 
membrane, and the substance of the spinal cord, and sends off branches at its lower part 
to be distributed to the cauda equina. Branches pass from the anterior spinal arteries, 
and from the beginning of the trunk formed by their union, to the medulla oblongata, where 
they are distributed to its central portion, being sharply limited dorsally to the region 
of the trigonum hypoglossi.* 

The posterior inferior cerebellar artery (fig. 714) is the largest branch of the 
vertebral artery, but is not infrequently absent. It arises near, and winds 
backwards round, the lower end of the olive of the medulla oblongata ; it then 
ascends behind the roots of the glossopharyngeal and vagus nerves to the lower 
border of the pons, where it turns downwards along the inferolateral border 
of the fourth ventricle. Finally, it runs laterally into the vallecula of the 
cerebellum, where it divides into a medial and a lateral branch. The medial 
branch runs backwards between the cerebellar hemisphere and the inferior 
vermis, supplying branches to both ; the lateral branch supphes the under 
surface of the hemisphere, as far as its lateral border, and anastomoses with the 
anterior inferior cerebellar and superior cerebellar branches of the basilar artery. 
The trunk of the artery supplies branches to the medulla oblongata and to the 
choroid plexus of the fourth ventricle, and sends a branch upwards lateral to 
the tonsil of the cerebellum to supply the dentate nucleus of the cerebellum 
(Shellshear f). The area supplied in the medulla oblongata lies dorsal to the 
olivary nucleus (inferior olivary nucleus) and lateral to the hypoglossal nucleus 
. and its emerging fila, and usually includes the nucleus of the spinal tract of the 
trigeminal nerve and the spino-thalamic tracts. 

The medullary arteries are several minute vessels which spring from the vertebral and 
its branches, and are distributed to the medulla oblongata: 

The basilar artery (figs. 714, 717), so named from its position at the base of 
the skull, is formed by the junction of the two vertebral arteries ; it extends 
from the lower to the upper border of the pons, and is contained within the 
cisterna pontis. It lies in a shallow, median groove on the ventral surface of 
the pons. It is placed between the two abducent nerves at the lower border, 
and between the two oculomotor nerves at the upper border, of the pons, where 
it divides into the two posterior cerebral arteries. 

Its branches, on each side, are the following : 

Pontine. Anterior inferior cerebellar. 

Internal auditory, Superior cerebellar. 

Posterior cerebral. 

The pontme branches are a number of small vessels which come off from the front and 
sides of the basilar artery, and supply the pons and adjacent parts of the brain. J 


* J. L. Shellshear, Journal of Anatomy, vol. Ixi. April, 1927. 
f J. L, Shellshear, Lancet, May 27th, 1922. 

J Consult an article on “The Arteries of the Pons and Medulla Oblongata,” by J. S. B, 
Stopford, Journal of Analomy, vols. 1., li. 
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The internal auditory artery, a long slender branch, may arise from the tower part of the 
basilar artery but is more often derived from the anterior inferior cerebellar artery ; it 
accompanies the facial and auditory nerves into the internal auditory meatus, and is 
distributed to the internal ear. 

The anterior inferior cerebellar artery (fig. 714) arises from the lower part 
of the basilar artery. It runs backwards and laterally, usually ventral to the 
abducent nerve, the facial and auditory nerves, and curves round the margin 
of the flocculus to be distributed to the anterior and lateral parts of the under 
surface of the cerebellum, where it anastomoses with the posterior inferior 
cerebellar branch of the vertebral artery. A few branches are supplied by the 
anterior inferior cerebellar artery to the lower and lateral parts of the pons, 
and sometimes to the upper part of the meduUa oblongata. 

The superior cerebellar artery (fig. 714) arises near the termination of the 
basilar. It passes laterally immediately below the oculomotor nerve, which 
separates it from the posterior cerebral artery, winds round the cerebral 
peduncle close to and below the trochlear nerve, and, arriving at the superior 
surface of the cerebellum, divides into branches which ramify in the pia mater, 
supplying this aspect of the cerebellum and anastomosing with branches of 
the inferior cerebellar arteries. In addition, branches are given to the pons, 
the pineal body, the superior meduUary velum and the tela chorioidea of the 
third ventricle. 

The posterior cerebral artery (figs. 714, 715, 716), frequently double, is larger 
than the superior cerebellar artery, from which it is separated near its origin 
by the oculomotor nerve, and on the side of the mesencephalon by the trochlear 
nerve. Passing laterally, parallel with the superior cerebellar artery, and receiv- 
ing the posterior communicating branch from the internal carotid artery, it 
winds roimd,the cerebral peduncle, and reaches the tentorial surface of the 
cerebrum, where it breaks up into branches for the supply of the temporal and 
occipital lobes. 

The branches of the posterior cerebral artery are divided into two sets, 
central and cortical : 

( Posteromedial. ( Temporal. 

Posterior choroid. Cortical^ Occipital. 

Posterolateral. [Parieto-occipital. 

Central branches, — The posteromedial central branches (fig. 717) are several 
small arteries which arise at the commencement of the posterior cerebral 
artery ; these, with similar branches from the posterior communicating, pierce 
the posterior perforated substance, and supply the anterior part of the thalamus, 
the lateral waU of the third ventricle and the globus pallidus of the lentiform 
nucleus . The posterior choroid branches are usually three or four in number. One, 
or more, courses over the lateral geniculate body and helps to supply it, before 
entering the posterior part of the inferior horn through the lower part of the 
choroidal fissure. The others curl round the posterior end of the thalamus and 
pass through the transverse fissure, to enter the tela chorioidea of the third 
ventricle, and through the upper part of the choroidal fissure ; they supply the 
choroid plexuses of the third and lateral ventricles, and give some twigs to the 
fornix. The posterolateral central branches are small arteries which arise from 
the posterior cerebral artery after it has turned round the cerebral peduncle ; 
they supply the cerebral peduncle, the posterior part of the thalamus, and the 
pineal, quadrigeminal and medial geniculate bodies. 

Cortical branches . — ^The temporal branches, usually two in number, are 
distributed to the uncus, the hippocampal, the medial and lateral occipito- 
temporal gyri ; the occipital branches supply the cuneus, gyrus lingualis and the 
posterior part of the lateral surface of the occipital lobe ; and the parieto- 
occipital supply the cuneus and the precuneus. 

2. The internal mammary artery (fig. 721) arises from the under surface of 
the first portion of the subclavian artery, opposite the thyrocervical trunk. 
It descends behind the cartilages of the upper six ribs at a distance of 
1*25 cm. from the lateral border of the sternum, and at the level of the 
sixth intercostal space divides uito the musculophrenic and superior epigastric 
arteries. 
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Relations. — Tt runs at first downwards, forwards, and medially behind the 
sternal end of the clavicle, the internal jugular and innominate veins, and the 
first costal cartilage. As the artery enters the thorax, the phrenic nerve crosses 
it obliquely from the lateral to the medial side, the nerve usually passing in 
front of the artery. Below the first costal cartilage it descends almost vertically 


Fig. 721. — The left internal mammary artery. 
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to its point of bifurcation. It is covered in front by the Pectoralis major, the 
cartilages of the upper six ribs and the intervening anterior intercostal mem- 
branes ^nd Internal intercostals, and is crossed by the terminal portions of the 
upper six intercostal nerves. It is separated from the pleura, as far as the 
second or third costal cartilage, by a strong layer of fascia ; below this level, 
by the Sternocostalis (Transversus thoracis). It is accompanied by a chain of 
lymph glands and a pair of veins : about the level of the third costal cartilage 
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the veins unite to form a single vessel, which runs medial to the artery and 
ends in the innominate vein. 

The branches of the internal mammary artery are : 

Pericardiacophrenic. Sternal. Musculophrenic. 

Mediastinal. Anterior intercostal. Superior epigastric. 

Pericardial. Perforating. 

The pericaxdiacophremc airtery is a long, slender branch which accompanies the phrenic 
nerve, between the pleura and pericardium, to the Diaphragm ; it gives branches to the 
pleura, pericardium, and Diaphragm, and anastomoses with the musculophrenic and phrenic 
(inferior phrenic) arteries. 

The mediastinal arteries are small vessels, distributed to the areolar tissue and lymph 
glands in the anterior mediastinum, and to the remains of the thymus. 

The pericardial branches supply the upper part of the anterior surface of. the pericardium. 

The sternal branches are distributed to the Sternocostalis (Transversus thoracis) and to 
the posterior surface of the sternum. 

The anterior mediastinal, pericardial and sternal branches, together with some twigs 
from the pericardiacophrenic, anastomose with branches from the posterior intercostal 
and bronchial arteries, and form a subpleural mediastinal plexus. 

The anterior intercostal branches are distributed to the upper six intercostal spaces. 
Two in each space, they pass laterally, one lying near the lower margin of the upper rib, 
and the other near the upper margin of the lower rib, and anastomose with the posterior 
intercostal arteries. They are at first situated between the pleura and the Internal inter- 
costal muscles, and then between the Intercostales intimi and the Internal intercostals. 
They supply the Intercostal muscles and send branches through them to the Pectoral 
muscles and the mamma. 

The perforating branches emerge through the upper five or six intercostal spaces, with 
the anterior cutaneous branches of the corresponding intercostal nerves. They pierce the 
Pectoralis major, and curving laterally, supply that muscle and the skin. Those of the 
second, third and fourth spaces give branches to the mamma, and duriug lactation are 
of large size. 

The musculophrenic artery is directed obliquely downwards and laterally, 
behind the cartilages of the seventh, eighth and ninth ribs ; it perforates the 
Diaphragm near the ninth costal cartilage, and ends opposite the last inter- 
costal space. It anastomoses with the phrenic artery, the lower two posterior 
intercostal arteries and the ascending branch of the deep circumflex iliac 
artery. It gives off two anterior intercostal branches to each of the seventh, 
eighth and ninth intercostal spaces ; these are distributed in a manner similar 
to the anterior intercostals from the internal mammary. The musculophrenic 
also gives branches to the lower part of the pericardium and to the abdominal 
muscles. 

The superior epigastric artery descends through the interval between the 
costal and xiphoid origins of the Diaphragm, lying on the lower fibres of the 
Sternocostahs (Transversus thoracis) and the upper fibres of the Transversus 
abdominis. It enters the sheath of the Rectus abdominis, at first lying behind 
the muscle, and then perforating and supplying it, and anastomosing with the 
inferior epigastric artery from the external iliac. Branches perforate the sheath 
of the Rectus, and supply the skin of the abdomen, and a small branch passes 
in front of the xiphoid process and anastomoses with the artery of the opposite 
side. The superior epigastric artery also gives some twigs to the Diaphragm, 
while from the artery of the right side small branches extend into the falciform 
ligament of the liver and anastomose with the hepatic artery. 

3. The thyrocervical trunk (figs. 703, 719), a short, wide trunk, arises from 
the front of the first portion of the subclavian artery, close to the medial border 
of the Scalenus anterior, and divides almost immediately into three branches, 
the inferior thyroid, suprascapular and transverse cervical. 

The inferior thyroid artery runs upwards in front of the medial border of 
the Scalenus anterior ; it then turns medially in front of the vertebral vessels 
and behind the carotid sheath and its contents, and usually behind the sym- 
pathetic trunk, the middle cervical ganglion of which rests upon the vessel ; 
it finally descends on the Longus cervicis (Longus colli) to the lower border of 
the lobe of the thyroid gland. At a little distance from the gland the inferior 
thyroid artery usually passes behind the recurrent laryngeal nerve, but when 

2a 
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the gland is reached the nerve is often behind the branches of the artery or it 
may pass between them.* 

The branches of the inferior thyroid are : 

Muscular. Inferior laryngeal. (Esophageal. 

Ascending cervical. ' Tracheal. Glandular. 

The muscular branches supply the- depressor muscles of the hyoid bone, the Longus 
cervicis. Scalenus anterior and Inferior constrictor of the pharynx. 

The ascending cervical artery is a small branch which arises from the inferior thyroid 

artery as that vessel turns medi- 
Fig. 722. — The scapular anastomosis of the left side; aUy behind the carotid sheath • 
dorsal aspect. it ascends on the anterior 

Deep hf. of transverse cervical a. tubercles of the transverse 

processes of the cervical vert- 
ebrae in the interval between the 
Scalenus anterior and Longus 
capitis and medial to the phrenic 
nerve. It gives twigs to the 
muscles of the neck, and sends 
one or two spinal branches into 
the vertebral canal through the 
intervertebral foramina to be 
distributed to the spinal cord and 
its membranes, and to the bodies 
of the vertebrae, in the same 
manner as the spinal branches of 
the vertebral artery. It ana- 
stomoses with branches of the 
vertebral, ascending pharyngeal, 
occipital and deep cervical 
arteries. 

The inferior laryngeal artery 
ascends upon the trachea in 
company with the recurrent 
laryngeal nerve ; it enters the 
larynx deep to the lower border of 
the Inferior constrictor muscle, 
circumflex humeral a. and supplies its muscles and muc- 

ous membrane, anastomosing 
with the artery from the opposite side, and with the superior laryngeal branch of the 
superior thyroid artery. 

The tracheal branches are distributed to the trachea and anastomose below with the 
bronchial arteries. 

The oesophageal branches supply the oesophagus and anastomose with the oesophageal 
branches of the descending thoracic aorta. 

The glandular branches comprise an inferior and an ascending branch ; they are dis- 
tributed to the posterior and mferior parts of the thyroid gland, and anastomose with 
the superior thyroid arte]^ and with the opposite inferior thyroid artery ; the ascending 
branch supplies the superior parathyroid gland. 

The suprascapular artery (transverse scapular artery) (fig. 720) passes at 
first downwards and laterally across the Scalenus anterior and the phrenic 
nerve, under cover of the internal jugular vein and the Sternomastoid ; it then 
crosses the subclavian artery and the brachial plexus, and runs behind and 
parallel with the clavicle and Subclavius, and deep to the inferior belly of the 
(Dmohyoid, to the superior border of the scapula ; here it passes above (occa- 
sionally below) the suprascapular ligament, which separates it from the supra- 
scapular nerve, and enters the supraspinous fossa (fig. 722). In this situation 
it lies on the bone, and supphes branches to the Supraspinatus. It then 
descends behind the ‘neck of the scapula, through the great scapular notch 
and deep to the spinoglenoid ligament, to reach the deep surface of the Infea- 
spinatus, where it anastomoses with the circumflex scapular artery, and 
the deep branch of the transverse cervical artery. Besides distributing 
branches to the Sternomastoid, Subclavius, and neighbouring muscles, it 
gives off a suprasternal branch, which crosses over the sternal end of the clavicle 

* F. G. Parsons, Journal of Analcymy, vol. liv, p. 172. 
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to the skin of the upper part of tlie chest ; and an acromial branchy which pierces 
the Trapezius and supplies the skin over the acromion, anastomosing with the 
acromiothoracic artery. As the suprascapular artery passes above the supra- 
scapular ligament, it sends a branch into the subscapular fossa, where it ramifies 
beneath the Subscapularis, and anastomoses with the subscapular artery 
and with the deep branch of the transverse cervical artery.. The supra- 
scapular artery also sends articular branches to the acromioclavicular and 
shoulder-joints, and nutrient arteries to the clavicle and scapula. Not in- 
frequently the suprascapular artery arises fi^om the third part of the subclavian 
artery. 

The transverse cervical artery (fig. 720) lies at a higher level than the supra- 
scapular artery ; it crosses in front of the phrenic nerve and the Scalenus 
anterior, and in front of the brachial plexus, and is covered by the internal 
jugular vein, Sternomastoid and Platysma. It crosses the floor of the posterior 
triangle of the neck, to reach the anterior margin of the Levator scapulae, where 
it divides into a superficial and a deep branch. 

The superficial branch ascends deep to the anterior part of the Trapezius, 
distributing branches to it and the neighbouring muscles, and to the lymph 
glands in the neck ; it anastomoses with the superficial branch of the ramus 
descendens of the occipital artery. 

The deep branch (fig. 722) passes under cover of the Levator scapulae to 
the superior angle of the scapula, and then descends under cover of the 
Rhomboids along the medial border of the scapula as far as the inferior 
angle of the bone. It supplies branches to the Rhomboids, Latissimus dorsi 
and Trapezius, and anastomoses with the suprascapular and subscapular 
arteries, and with the posterior branches of some of the posterior intercostal 
arteries. 

Peculiarities , — ^Erequently the superficial branch [superficial cervical artery] arises 
directly from the thyrocervical trunk, and the deep branch [descending scapular artery] from 
the thkd, more rarely from the second, part of the subclavian (fig. 726). When the deep 
branch arises in this way it usually passes between the upper and middle trunks of the 
brachial plexus. 

4. The costocervical trunk (figs. 711, 718) arises from the back of the second 
part of the subclavian artery on the right side, but from the first part of the artery 
on the left side. It arches backwards above the cervical pleura to the neck 
of the first rib, and divides into the superior intercostal and deep cervical 
arteries. 

The superior intercostal artery descends behind the pleura in front of the 
necks of the first and second ribs, and anastomoses with the third posterior 
(first aortic) intercostal artery. As it crosses the neck of the first rib it is medial 
to the anterior primary ramus of the first thoracic nerve, which it crosses at a 
lower level (fig. 718), and lateral to the first thoracic ganglion of the sym- 
pathetic trunk. In the first intercostal space, it gives oflp the first posterior 
intercostal artery, which is distributed in a manner similar to the distribution 
of the lower posterior inter costals. The second posterior intercostal artery 
usually joins with a branch from the third posterior (first aortic) intercostal 
artery ; the second posterior intercostal artery is not constant, but is more 
commonly found on the right side ; when absent, its place is supplied by a 
branch from the aorta. 

The deep cervical artery (fig. 711) arises, in most cases, from the costocervical 
trunk, and is analogous to the posterior branch of a posterior intercostal artery : 
occasionally it is a separate branch from the subclavian artery . Passing backwards 
above the eighth cervical nerve and between the transverse process of the seventh 
cervical vertebra and the neck of the first rib (sometimes between the trans- 
verse processes of the sixth and seventh cervical vertebrae, it ascends on the 
back of the neck, between the Semispinales capitis et cervicis, as high as the 
second cervical vertebra, supplying the adjacent muscles, and anastomosing 
with the deep division of the descending branch of the occipital artery (p. 709) 
and with branches of the vertebral artery. It gives off a spinal twig which 
enters the vertebral canal through the foramen between the seventh cervical 
and first thoracic vertebrae. 



740 


BLOOD VASCULAR SYSTEM 


The Axilla 

The axilla is a pyramidal space,, situated between the upper part of the 
chest wall and the upper part of the medial side of the upper arm. 

The apex of the axilla is directed upwards towards the root of the neck, 
and corresponds to the interval between the outer border of the first rib^ 
the superior border of the scapula and the posterior surface of the clavicle • 
through it the axillary vessels and nerves enter the space from the neck. The 
base, directed downwards, is broad at the chest but narrow and pointed at the 
arm ; it is formed by the skin and a thick layer of fascia, termed the axillary 
fascia, extending between the lower border of the Pectoralis major in front, and 
the lower border of the Latissimus dorsi behind. The anterior wall is formed 
by the Pectorales major et minor, the former covering the whole of this wall, 
the latter only its central part. The space between the upper border of the 
Pectoralis minor and the clavicle is occupied by the clavipectoral fascia (costo- 
coracoid membrane). The posterior wall is formed by the Subscapularis above, 
the Teres major and Latissimus dorsi below. On the medial side are the first 
four ribs with their corresponding Intercostal muscles, and the upper part of 
the Serratus anterior. On the lateral side, where the anterior and posterior 
walls converge, the space is narrow, and is bounded by the humerus, the Coraco- 
brachialis and the Biceps. 

The axilla contains the axillary vessels, the infraclavicular part of the 
brachial plexus of nerves, with its branches, the lateral branches of some of the 
intercostal nerves, and a large number of lymph glands, together with a quant- 
ity of fat and loose areolar tissue. The axillary vessels and the brachial plexus 
of nerves run from the apex to the base along the lateral wall of the axilla ; they 
are placed nearer to the anterior than to the posterior wall, the axillary vein 
lying to the thoracic side of the axillary artery and partially concealing it. 
The thoracic branches of the axillary artery are in contact with the Pectoral 
muscles, and along the lower margin of the Pectoralis minor the lateral thoracic 
artery passes to the side of the thorax. The subscapular vessels descend on 
the posterior wall in contact with the lower margin of the Subscapularis, and 
the subscapular nerves and the nerve to Latissimus dorsi cross the anterior 
surface of the muscle with different degrees of obliquity ; the circumflex 
scapular vessels wind round the lateral (axillary) border of the scapula, and the 
posterior circumflex humeral vessels and the circumflex (axillary) nerve curve - 
backwards close to the surgical neck of the humerus. No vessel of any import- 
ance lies on the medial or thoracic side, the upper part of the space being crossed 
merely by a few small branches from the superior thoracic artery. The nerve 
to Serratus anterior (long thoracic nerve) descends on the surface of the muscle 
which it supplies ; and the intercostobrachial nerve perforates the upper and 
anterior part of this wall, and passes across the axilla to the medial side of the 
upper arm. 

The position and arrangement of the lymph glands are described on pp. 858 
and 859. 


Applied Anatomy , — ^Penetrating wounds in the axilla are sometimes accompanied by 
extensive haemorrhage, either from wound of the main vessels, or of one of the large branches 
of the axillary artery, e.g. the lateral thoracic or the subsoapular. Where the blood cannot 
And an easy exit it collects in the space and forms a large swelling which projects in the 
floor of the axilla and also bulges forwards the Pectorab’s major. The treatment consists 
in freely opening up the cavity, searching for and securing the bleeding vessel. 

When suppuration occurs in the axilla, the arrangement of the fasciae plays a very 
important part in the direction which the pus takes. As described on p. 588 , the clavi- 
pectoral fascia, after covering the space between the clavicle and the upper border of the 
Pectoralis minor, splits to enclose this muscle, and at its lower border is incorporated with 
the axillary fascia at the anterior fold of the axilla. Suppuration may take place either 
superficial or deep to this layer of fascia ; that is, either between the Pectoral muscles or 
behind the Pectoralis minor ; in the former case, the abscess would point either at the 
border of the anterior axillary fold, or in the groove between the Deltoid and the Pectoralis 
major ; in the latter, the pus would have a tendency to surround the vessels and nerves, 
and ascend into the neck, that being the direction in which there is least resistance. Its 
progress towards the surface is prevented by the axillary fascia ; its progress backwards. 
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by the insertion of the Serratus anterior ; forwards, by the clavipectoral fascia ; medially, 
by the wall of the thorax ; and laterally by the upper limb. The pus in these cases, after 
extending into the neck, has been known to spread through the superior opening of the 
thorax into the mediastinum. Instances have been recorded where the pus found its way 
along the vessels into the upper arm. 

When an axillary abscess is opened, the knife should be entered in the floor of the axilla, 
midway between the anterior and posterior margins and near the thoracic side of the space 
so as to avoid the lateral thoracic, subscapular, and axillary vessels which are in contact 
respectively with the anterior, posterior and lateral walls of the axilla. 

The relations of the vessels and nerves in the several parts of the axiUa are important, 
for it is the universal procedure to remove the lymph glands from the axilla in operating for 
cancer of the breast. When such an operation is performed, it is necessary to proceed with 
much caution in the direction of the lateral wall and apex of the space, as here the axillary 
vessels are in danger of being wounded. 


The Axiulary Artery (fig. 723) 

The axillary artery, the continuation of the subclavian artery, begins at the 
outer border of the fi-st rib, and ends at the lower border of the Teres major, 
beyond which the artery takes the name of brachial. Its direction varies with 
the position of the limb : thus the vessel is nearly straight when the arm is 
directed at right angles with the trunk, concave upwards when the arm is 
elevated above the shoulder, and convex upwards hnd laterally when the arm 
lies by the side of the trunk. The first part of the artery is deeply situated, 
but its terminal part is superficial and is covered only by the skin and fasciae. 
The Pectorahs minor crosses the vessel and divides it into three portions ; 
the first part is proximal, the second posterior, and the third distal, to the 
muscle. 

Relations of the first part. — In front the first part of the axillary artery is 
covered by the skin, superficial fascia, Platysma, supraclavicular nerves from 
the cervical plexus, deep fascia, clavicular fibres of the Pectoralis major and the 
clavipectoral fascia. This part of the artery is crossed by the lateral pectoral 
(lateral anterior thoracic) nerve, the loop of communication between it and the 
medial pectoral nerve, and by the acromiothoracic and cephalic veins. Behind, 
the artery is related to the first intercostal space and External intercostal 
muscle, the first and second digitations of the Serratus anterior, the nerve to 
Serratus anterior and medial pectoral nerve, and the medial cord of the brachial 
plexus. On the lateral side it is related to the lateral and posterior cords 
of the brachial plexus ; on the medial side, to the axillary veiu, by which 
it is overlapped. The &st part of the artery is enclosed, together with the 
axillary vein and the brachial plexus, in a fibrous sheath, termed the axillary 
sheath, continuous above with the prevertebral layer of the deep cervical 
fascia. 

Relations of the second part. — In front, the second part of the axillary 
artery is related to the skin, superficial and deep fascia, and the Pectoralis 
major and minor ; behind, to the posterior cord of the brachial plexus and some 
areolar tissue, which intervene between it and the Subscapularis ; on the medial 
side, to the axillary vein, separated irom it by the medial cord of the brachial 
plexus and the medial pectoral nerve ; on the lateral side, to the lateral cord of the 
brachial plexus, which separates it from the Coracobrachialis muscle. The cords 
of the brachial plexus thus surround the second part of the artery on three 
sides, and separate it from direct contact with the vein and adjacent muscles. 

Relations of the third part. — The third part of the axillary artery extends 
from the lower border of the Pectoralis minor to the lower border of the Teres 
major. Its upper part is covered in front by the lower part of the Pectoralis 
major ; its lower part by the s kin and fasciae only. Behind, it is related to the 
lower part of the Subscapularis and the tendons of the Latissimus dorsi and 
Teres major. On its lateral side is the Coracobrachialis, and on its medial side, 
the axillary vein. ' The nerves of the brachial plexus bear the following relations 
to this part of the artery ; on the lateral side are the lateral root and the trunk 
of the median, and, for a short distance, the musculocutaneous ; on the medial 
side, the medial cutaneous nerve of the forearm lies between the axillary artery 
and vein anteriorly, and the ulnar nerve between the artery and vein posteriorly ; 
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the medial cutaneous nerve of the upper arm is on the medial side of the vein ; 
in front is the medial root of the median nerve, and behind, the radial and 
circumflex nerves, the latter only as far as the lower border of the 8ub- 
scapularis. 

The branches of the axillary artery are : 

From first part. 1. Superior thoracic. From second part^^' Later^^thor^^^^ 

j’4. Subscapular. 

From third parti 5. Anterior circumflex humeral. 

[6. Posterior circumflex humeral. 

1. The superior thoracic artery (fig. 723) is a small vessel which arises from 
the axillary artery near the lower border of the Subclavius muscle, but it may 


iFio. 723. — ^The right axillary artery and its branches. The Pectoralis major has 
been removed and a portion of the Pectoralis minor has been excised. 
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take origin from the acromiothoracic artery. Running forwards and medially 
along the upper border of the Pectoralis minor, it passes between it and the 
Pectoralis major to the side of the chest. It supplies branches to these muscles, 
and to the thoracic wall, and anastomoses with the internal mammary and 
intercostal arteries. 

2. The acromiothoracic artery (fig. 723) is a short trunk which arises from the 
front of the axiUary artery, its origin being overlapped by the upper edge of 
the Pectoralis minor. Passing forwards round the upper border of this muscle, 
it pierces the clavipectoral fascia and divides into four branches — ^pectoral, 
acromial, clavicular and deltoid. The pectoral branch descends between the 
two Pectoral muscles, and is distributed to them and to the breast, anastomos- 
ing with the intercostal branches of the internal mammary ' artery and with 
the lateral thoracic artery. The acromial branch mns laterally over the cora- 
coid process and xmder the Deltoid, to which it gives branches ; it then 
pierces that muscle and ends on the acromion, where it anastomoses with the 
branches of the suprascapular (transverse scapular), acromiothoracic and 
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posterior oiroumflex humeral arteries. The claviciddT branch runs upwards and 
medially between the clavicular part of the Pectoralis major and the clavi- 
pectoral fascia ; it gives branches to the sternoclavicular joint, and to the 
Subclavius. The deltoid, or humeral, branch often arises with the acromial 
branch ; it crosses over the Pectoralis minor and runs with the cephalic vein 
in the interval between the Pectoralis major and Deltoid, giving branches to 
both muscles. 

3. The lateral thoracic artery (fig. 723) follows the lower border of the Pect- 
oralis minor to the side of the chest, supplies the Serratus anterior and the 
Pectoral muscles, and sends branches to the axillary lymph glands ^ and to the 
Subscapularis ; it anastomoses with the internal mammary, subsoapular, and 
intercostal arteries, and with the pectoral branch of the acromiothoracic artery. 
In the female, the lateral thoracic artery is large, and gives off an external 
mammary branch, which turns round the lower border of the Pectoralis major 
and supplies the mamma. 


Beep br. of transverse cervical a. 
Suprascapvlar a. 


4. The subscapular artery (fig. 723) is the largest branch of the axillary 
artery ; usually it arises at the lower border of the Subscapularis, which it 
follows to the inferior angle of the scapula, where it anastoinoses with the lateral 
thoracic and intercostal arteries and with the deep branch of the transverse 
cervical artery ; finally it ends in the neighbouring muscles and adjacent part 
of the chest- wall. In the lower part of its course it is accompanied by the 
nerve to the Latissimus dorsi ; about 4 cm. from its origin it gives off the 
circumflex scapular artery. 

The circumflex scapular artery is generally larger than the continuation of 
the subscapular. It curves round the lateral border of the scapula, traversing 
the triangular space between the Subscapularis above, the Teres major below, 
‘and the long head of the Tri- 
ceps laterally (fig. 724) ; it 724. — ^The scapular anastomosis of the left side ; 

enters the infraspinous fossa dorsal aspect, 

under cover of the Teres 
minor, and anastomoses with 
the suprascapular artery and 
the deep branch of the trans- 
verse cervical artery. It 
gives off two branches : one 
(infrascapular) enters the 
subscapular fossa deep to 
the Subscapularis, which it 
supplies, and anastomoses 
with the suprascapular ar- 
tery and the deep branch 
of the transverse cervical ar- 
tery ; the other is continued 
along the lateral border of. 
the scapula, between the 
Teres major and the Teres 
minor, and at the dorsal sur- 
face of the inferior angle 
anastomoses with the deep 
branch of the transverse 
cervical artery. In ad- 
dition, small branches are 
distributed to the posterior 
part of the Deltoid and the long head of the Triceps, and anastomose with an 
ascending branch of the arteria profunda brachii. 

5. The anterior circumflex humeral artery (fig. 724) is a small artery which 
arises from the lateral side of the axillary artery at the lower border of the 
Subscapularis. It runs horizontally, behind the Coracobrachialis and short 
head of the Biceps, in front of the surgical neck of the humerus. On reaching 
the bicipital groove (intertubercular sulcus), it gives off a branch which ascends 
in it to supply the head of the humerus and the shoulder-joint. The 
artery is then continued laterally under cover of the long head of the 
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Biceps and the Deltoid, and anastomoses with the posterior circumflex humeral 
artery. 

6. The posterior circumflex humeral artery (fig. 724) is considerably larger 
than the anterior. It arises from the axillary artery at the lower border of the 
Subscapularis, and runs backwards with the circumflex (axillary) nerve through 
the quadrangular space, which is bounded by the Subscapularis, the capsule of 
the shoulder- joint and the Teres minor above, the Teres major below, the long 
head of the Triceps medially, and the surgical neck of the humerus laterally. 
It winds round the neck of the humerus and distributes branches to the shoulder- 
joint, the Deltoid, the Teres major and minor, and the long and lateral heads 
of the Triceps, and gives ofl a descending branch which anastomoses with the 
arteria profunda brachii. It also anastomoses with the anterior circumflex 
humeral, suprascapular and acromiothoracic arteries. 

Peculiarities , — The branches of the axillary artery vary considerably in different sub- 
jects. One, named alar thoracic, and frequently derived from the second part of the artery, 
is distributed to the fat and the lymph glands in the axilla. Occasionally the subscapular, 
circumflex humeral and profunda arteries arise from a common trunk, and when this occurs 
the branches of the brachial plexus surround this trunk instead of the main vessel. The 
posterior circumflex humeral artery may arise from the arteria profunda brachii ; it then 
passes backwards below the Teres major, instead of accompanying the circumflex nerve 
through the quadrangular space. Sometimes the axillary artery divides into the radial 
and ulnar arteries, and occasionally it gives origin to the anterior interosseous artery of the 
forearm. 

Applied Anatomy . — Compression of the axillary artery may be required in the removal 
of tumours, or in amputation of the upper part of the arm. The only situation in 
which compression can be effectually made is in the lower part of its course ; by press- 
ing the artery against the humerus in this situation the circulation may be effectually 
arrested. 

With the exception of the popliteal, the axillary artery is perhaps more frequently 
lacerated than any other artery in the body by violent movements, particularly in those 
cases where its coats are diseased. It has occasionally been ruptured in attempts to reduce 
old dislocations of the shoulder- joint, especially where the artery has become fixed to the 
capsule of the joint. 

Collateral Circulation , — If the axillary artery be tied above the origin of the acromio- 
thoracic artery, the collateral circulation will be carried on by the same branches as after 
the ligature of the third part of the subclavian (p. 733) ; if at a lower point, between the 
acromiothoracic and the subscapular arteries, the latter vessel, by its free anastomoses 
with the suprascapular and transverse cervical arteries, will become the chief agent in 
carrying on the circulation ; the lateral thoracic artery, if it be below the ligature, will 
materially contribute by its anastomoses with the intercostal and internal mammary 
arteries. , If the ligature be applied below the origin of the subscapular artery, it will most 
probably also be below the origins of the two circumflex humeral arteries ; the chief agents 
in restoring the circulation will then be the subscapular and the two circumflex humeral 
arteries through anastomoses with the arteria profunda brachii. 


The Brachial Artery (figs. 725, 726, 727) 

The brachial artery is a continuation of the axillary artery. It begins at 
the lower border of the tendon of the Teres major, runs down the arm, and 
ends about 1 cm. below the elbow-joint by dividing into radial and ulnar arteries. 
At first it lies on the medial side of the humerus, but, largely owing to the 
mclination of the humerus, it gradually passes to the front of the upper arm and 
is placed midway between the humeral epicondyles at the elbow. 

Relations. — The artery is superficial throughout its entire extent, being 
covered with the skin and the superficial and deep fasciae ; the bicipital 
aponeurosis (lacertus fibrosus) lies in front of it opposite the elbow and separates 
it from the median cubital vein ; the median nerve crosses the artery from the 
lateral to the medial side opposite the insertion of the Coracobrachiahs. 
Posteriorly it lies at first on the long head of the Triceps separated by the radial 
nerve and the profunda brachii artery. It then Hes successively on the medial 
head of the Triceps, the insertion of the Coracobrachiahs, and the Braohiahs. 
Laterally, it is in relation above with the median nerve and the Coracobrachiahs, 
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below with the Biceps, the two muscles overlappiag the artery to some extent. 
Medially, its upper half is in relation with the medial antebrachial cutaneous and 
ulnar nerves, its lower half with the median nerve. The basilic vein lies 
on its medial side, but is separated from it in the lower part of the upper arm 
by the deep fascia. The artery is closely accompanied by two venae comitantes, 
which are connected at intervals 
by short transverse branches. 

Fig. 725. — The right braehjial artery. 


The Cubital Fossa 

At the bend of the elbow the 
brachial artery sinks deeply into 
a triangular interval, which is 
named the cubital fossa. The 
base of the triangle is repre- 
sented by a line connecting the 
two humeral epicondyles ; the 
sides are formed by the medial 
edge of the Brachioradialis and 
the lateral margin of the Pronator 
teres ; the floor consists of the 
Brachialis and Supinator. This 
fossa contains the tendon of the 
Biceps, the terminal part of the 
brachial artery, and its accom- 
panying veins, the origins of 
the radial and ulnar arteries, 
and parts of the median and radial 
nerves . The brachial artery occu- 
pies the middle of the fossa, and 
divides opposite the neck of the 
radius into the radial and ulnar 
arteries,* it is covered, in' front, 
by the skin, the superflcial fascia, 
and the median cubital vein, the 
last being separated from the 
artery by the bicipital aponeurosis 
(lacertus fibrosus). Behind, the 
Brachialis separates it from the 
elbow-joint. The median nerve 
lies close to the medial side of 
the artery above, but is separa- 
ted from its ulnar branch below 
by the ulnar head of the Pro- 
nator teres. The tendon of the 
Biceps is lateral to the artery; 
the radial nerve rests upon the 
Supinator, and is concealed by 
the Brachioradialis. 
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Peculiarities . — ^The brachial artery, accompanied by the median nerve, may leave the 
medial borcier of the Biceps, and descend towards the medial epicondyle of the humerus ; 
ia such cases it usually passes behind the swprojcondylar j>roce:ss of the humerus, from which 
a fibrous arch is in most cases thrown over the artery ; it then runs behind or through 
the substance of the Pronator teres, to the bend of the elbow. This variation bears con- 
siderable analogy with the normal condition of the artery in some of the carnivora, and has 
been referred to in the description of the humerus (p. 346). Occasionally, the upper part 
of the artery splits into two trunks which reunite. Frequently it divides at a higher level 
■than usual, and the vessels concerned in this high division are three : viz. radial, ulnar and 
interosseous arteries. Most frequently the radial is given off high up, the other limb of the 
division consisting of the ulnar and interosseous ; in some instances the ulnar originates 
above the ordinary level, and the radial and interosseous form the other limb of the 
division ; occasionally the interosseous arises high up. 

G.A. 2 A 2 
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.The branches of the brachial artery are : 

1. Profunda brachii. 3. Ulnar collateral. 

2. Nutrient. 4. Supratrochlear. 

5. Muscular. . 

1. The profunda brachii artery (figs. 725, 726) is a large vessel which arises 
from the medial and posterior part of the brachial artery, just below the lower 
border of the Teres major. It follows the radial nerve closely, running at first 
backwards between the long and medial heads of the Triceps, then along the 
spiral groove (sulcus for the radial nerve), where it is covered by the lateral 
head of the Triceps. Reaching the lateral side of the arm, it divides into 
anterior and posterior descending branches. The anterior descending branch, 
which is usually the smaller, pierces the lateral intermuscular septum with the 


Pig. 728. — transverse section througli the arm, 2 cm. above the medial 
epicondyle of the humerus. 
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radial nerve, and descends between the Brachioradialis and the Brachialis to 
the front of the lateral epicondyle of the humerus where it anastomoses with 
the radial recurrent artery. The posterior descending branch runs down behind 
the lateral intermuscular septum to the back of the lateral epicondyle of the 
humerus where it anastomoses with the supratrochlear (inferior ulnar collateral) 
and the interosseous recurrent arteries. 

The profunda brachii artery also supplies (a) branches to the Deltoid and to 
the three heads of the Triceps, (6) a branch which ascends between the long and 
lateral heads of the Triceps and anastomoses with the posterior circumflex 
humeral artery*, and (c) a collateral twig which descends in the medial- head 
of the Triceps with the nerve to the Anconeus, and takes part in the anastomosis 
above the olecranon. Sometimes the profunda brachii artery supplies a 
nutrient artery to the humerus, which enters the bone behind the deltoid 
tuberosity. 

2. The nutrient artery of the humerus arises usually about the middle of the 
upper arm; it enters the nutrient canal near the insertion of the Coraco- 
brachialis, and is directed downwards. 

3. The ulnar collateral artery (superior ulnar collateral artery) (figs. 725, 727) 
is a small vessel which arises from the brachial a little below the middle of 
the upper arm; it frequently springs from the upper part of the arteria 
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profunda brachii. It accompanies the ulnar nerve, pierces the medial inter- 
muscular septum, descends between the medial epicondyle and the olecranon, 
and ends under cover of the Flexor carpi ulnaris by anastomosing with the 
posterior ulnar recurrent and supratrochlear arteries. It sometimes sends a 
branch in front of the medial epicondyle, to anastomose with the anterior ulnar 
recurrent artery. 

4. The supratrochlear artery (inferior ulnar qoUateral artery) (figs. 725, 728) 
arises about 5 cm. above the elbow. It passes medially behind the median 
nerve and upon the Brachialis and, piercing the medial intermuscular septum, 
winds round the back of the humerus between the Triceps and the bone, 
forming, by its junction with the posterior descending branch of the arteria 
profunda brachii, an arch above the olecranon fossa. As the vessel lies on the 
Brachialis, it gives off branches which ascend to join the ulnar collateral 
artery ; others descend in front of the medial epicondyle, to anastomose with 
the anterior ulnar recurrent artery. Behind the medial epicondyle a branch 
anastomoses with the ulnar collateral and posterior ulnar recurrent arteries. 

5. The muscular branches, three or four in number, are distributed to the 
Coracobrachialis, Biceps and Brachialis. 
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The anastomosis around the elbow-joint (fig. 729).--The vessels engaged in this anasto- 
mosis may be conveniently divided into those in front of the medial and lateral epicondyles 

of the humerus and those behind. 
Fig. 729.— a diagram of the arterial anastomosis xhe branches anastomosing in front 

around the elbow-joint. medial epicondyle are : the 

ArUria " anterior branches of the ulnar col- 

^ — profunda brachii lateral, and supratrochlear and the 

JH anterior ulnar recurrent artery, 

r Hi 'flil Those anastomosing behind the 

If ffllljBl medial epicondyle are: the ulnar 

vIWB I VInareolMeral coUateral, the Supratrochlear and 

Hire l ll^v I ariw the posterior ulnar recurrent artery . 

Irl ilBE 1 . The branches anastomosing m/rowi 

M I Iwl of the lateral epicondyle are: the 

tl I K 1 anterior descending branch of the 

// ■ HI I profunda brachii artery, and the 

7 I B I radial recurrent artery. Those 

^ brachii § g I anastomosing behind the lateral 

Posterior destmaing _ I // Bltl — epicondyle are: the posterior de- 

branch of a.prpfunda T"^ scending branch of the profunda 

brachii I ^ 1 brachii artery and the interosseous 

recurrent artery. There is also an 
anastomosis above the 
olecranon fossa formed by the 
rl f tBb supratrochlear artery joining with 

I posterior descending branch 

of the arteria profunda brachii, 
recurrerit artery »-ecwrreni artery interosseous re- 

\ I current and the posterior ulnar 

i ViW !H§ ra^ Posterior u^r recurrent arteries (fig. 729). 

K recurrent artery ' ° ' 

/ B'B/ Cornmn, Applied AnMomy.— IxL oi 

JIH ^interosseous artery the fact that the brachial artery is 
recurrm ar ry j M Posterior interosseous very superficial and but little pro- 

/ mr^ I tected by surrounding parts, it is 

Radial .jm seldom wounded. This, no doubt, 

-- jw Anterior interosseous is due to its situation on the medial 

9 ^ If artery gf jjj^g upper arm, whi ch is little 

exposed to injury. 

Compression of the brachial artery is required in case of amputation and some other 
operations in the upper arm and forearm, and may be effected in almost any part of the 
course of the artery. If pressure be made in the upper part of the upper arm, it should 
be directed laterally ; if in the lower part, backwards, as the artery lies on the medial 
side 6f the humerus above, and in front of it below. The most favourable situation 
is about the middle of the arm, where the artery lies on the tendon of the Coraco- 
brachial is on the medial surface of the humerus. 


Radial 

recurrent artery - 


Interosseous 
recurrent artery.- 


Radial artery.. 


-Anterior ulnar 
recurrent artery 


--Posterior ulrmr 

recurrent artery 

Common 
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Collateral Circulation . — ^After the application of a ligature to the brachial artery in the 
upper third of the upper arm, the circulation is carried on by branches from the circumflex • 
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humeral and subscapular arteries anastomosing with ascending branches from the arteria 
profunda brachii. If the artery be tied below the origins of the arteria profunda braohii 
and ulnar collateral artery, the cir- 
culation is maintained through the Fig. 730. — The right radial and ulnar arteries. 


anastomoses around the elbow- joint 
(p. 748). 


Superficial dissection. 


Xllmrn. 


Brachial a.' 


Radial a.- 


Radial n.\ 


The Radial Abteey (figs. 730, 

731, 733) 

The radial artery, though 
smaller than the ulnar artery, 
appears, from its course, to be the 
more direct continuation of the 
brachial trunk. It begins at the 
division of the brachial, about 
1 cm, below the bend of the 
elbow, and passes along the radial 
side of the forearm to the wrist. 

It then winds . backwards, round 
the lateral side of the carpus, 
under cover of the tendons of the 
Abductor poUicis longus and Ex- 
tensores poUicis brevis et longus to , 
the proximal end of the space 
between the first and second meta- 
carpal bones where it passes for- 
wards between the two heads of 
the first Dorsal interosseous mus- 
cle, into the palm of the hand ; it 
crosses towards the ulnar side of 
the palm, and forms the deep 
palmar arch by uniting with the 
deep branch of the ulnar artery. 

The radial artery is therefore 
divisible into three portions, 
one in the forearm, a second at 
the wrist, and a third in the 
hand. 

Relations. — [a) In the forearm 
(figs. 730, 731, 732, 734), the radial vai^r^aZh 
artery extends from the neck of 
the radius to the front part of 
its styloid process, being placed to 
the medial side of the shaft of 
the bone above, and in front of it 
below. Its upper part is overlapped 
by the fleshy belly of the Brachio- Bramhcs 
radialis ; the rest of the artery is primeps 
covered only with the skin, and^^^®* 
the superficial and deep fasciae. 

It lies successively upon the ten- 
don of the Biceps, the Supinator, 
the insertion of the Pronator teres, 
the radial origin of the Flexor 
digitorum sublimis, the Flexor „ „ 

pollicis longus, the Pronator 
quadratus and the lower end of 
the radius. The Pronator teres 
is medial, and the Brachioradialis 
lateral, to the upper one-third of the artery ; the tendon of the Flexor carpi 
radialis is medial, and the tendon of the Brachioradialis lateral to its 
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lower two-thirds. The radial nerve (superficial branch) is close to the lateral 
side of the middle one-third of the vessels ; and some filaments of the lateral 
cutaneous nerve of the forearm run along the lower part of the artery 
as it winds round the wrist. Throughout its course the vessel is accom- 
panied by a pair of venae comitantes. The portion of the radial artery 
which lies in front of the lower end of the radius and on the lateral side of 
the tendon of the Flexor carpi radialis is used clinically for observations on 
the pulse. 

(6) At the wrist (figs. 734, 736), the radiaL artery reaches the back of the 
carpus by passing between the lateral ligaments of the wrist and the tendons 
of the Abductor poUicis longus and Extensor pollicis brevis. It then descends 
on the scaphoid bone and the trapezium (os multangulum majus), and before 
disappearing between the heads of the first Dorsal interosseous muscle is crossed 
by the tendon of the Extensor pollicis longus. In the interval between the 
two Extensores pollicis it is crossed by the origin of the cephalic vein, and 
by the digital branches of the radial nerve which go to the thumb and index 
finger. 

(c) In the hand (fig. 732), the radial artery passes from the proximal end of 
the first interosseous space, between the heads of the first Dorsal interosseous 
muscle, transversely across the pahn ; it lies at first deep to the oblique head 
of the Adductor pollicis, then runs between the oblique and transverse heads, 
or through the transverse head, of that muscle. At the base of the fifth meta- 
carpal bone it anastomoses with the deep branch from the ulnar artery, and 
so completes the dee^ palmar arch (fig. 732). 

Peculiarities , — ^In about 12 per cent, of subjects the origin of the radial artery is higher 
than usual ; it then arises more often from the axillary or upper part of the brachial artery 
than from the lower part of the latter vessel. In the forearm it sometimes lies on the deep 
fascia instead of beneath it, and on the surface of the Brachioradialis instead of under 
cover of its medial border ; in turning round the wrist, it occasionally lies on, instead of 
deep to, the extensor tendons of the thumb. 

The branches of the radial artery may be divided into three groups, corre- 
sponding wdth the three regions in which the vessel is situated. 

In the forearm. At the wrist. In the hand. 

Radial recurrent. Posterior carpal. Princeps pollicis. 

Muscular, First dorsal metacarpal. Radialis indicis. 

Anterior carpal. 

Superficial palmar. 

The radial recurrent artery arises immediately below the elbow. It passes 
between the radial nerve and its posterior interosseous branch, and ascends 
under cover of the Brachioradialis, lying on the Supinator and Brachialis ; it 
supplies these muscles and the elbow- joint, and anastomoses with the anterior 
descendiag branch of the arteria profunda brachii. 

The muscular branches are distributed to the muscles on the radial side of 
the forearm. 

The anterior carpal branch is a small vessel which arises near the lower border 
of the Pronator quadratus, and, running medially across the anterior surface of 
the carpus, anastomoses under cover of the flexor tendons with the anterior 
carpal branch of the uhaar artery. This anastomosis is joined by a branch from 
the anterior interosseous artery, and by recurrent branches from the deep 
palmar arch, thus forming an anterior carpal arch, which supplies the articula- 
tions of the wrist and carpus. 

The superficial palmar branch (fig. 730) arises from the radial artery where 
this vessel is about to wind round the lateral side of the wrist. It passes through, 
occasionally over, the muscles of the ball of the thumb, which it supplies, and 
sometimes anastomoses with the terminal portion of the ulnar artery, completing 
the superficial palmar arch. This vessel varies considerably in size : usually it 
is very small, and ends in the muscles of the thumb ; sometimes it is as large 
as the continuation of the radial artery. 
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The posterior carpal branch (fig. 736) is a small vessel which arises deep to 
the extensor tendons of the thumb, and, running medially across the posterior 
surface of the carpus under cover of the extensor tendons, anastomoses with the 
posterior carpal branch of the ulnar artery, and with the anterior and posterior 
interosseous arteries, to form a posterior carpal arch. Arising from this 
arch, three slender dorsal metacarpal arteries descend on the second, third 
and fourth Dorsal interosseous muscles and bifurcate into dorsal digital branches 
for the supply of the adjacent sides of the index, middle, ring and little fingers ; 
they anastomose with the palmar digital branches of the superficial palmar 
arch ; near their origins they anastomose with the deep palmar arch by the 
superior perforating arteries^ and, near their points of bifurcation, with the 
palmar digital vessels of the superficial palmar arch by the inferior perforating 
arteries. 


Fig. 731. — tranisverse section through the forearm at the level of the radial 

tuberosity. 
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The first dorsal metacaipal artery (fig. 736) arises just before the radial 
artery passes between the two heads of the first Dorsal interosseous muscle, 
and ^vides almost immediately into two branches, which supply the adjacent 
sides of the thumb and index finger ; the radial side of the thumb receives a 
branch directly from the radial artery. 

The arteria princeps poUicis (fig. 732) arises from the radial artery as it 
turns medially, on gaining the palm ; it descends on the palmar aspect of 
the first metacarpal bone under cover of the oblique head of the Adductor 
polhcis and lateral to the first palmar interosseous muscle (deep head of the 
Plexor poUicis brevis). At the base of the proximal phalanx, where it lies 
behind the tendon of the Flexor poUicis longus, it divides into two branches. 
These make their appearance between the medial and lateral insertions 
of the oblique head of the Adductor poUicis, and rim along the sides of 
the thumb, forming on the palmar surface of the distal phalanx an arch, 
from which branches are distributed to the skin and subcutaneous tissue of 
the thumb. 

The arteria radialis indicis (fig. 732), which frequently arises from the 
proximal part of the arteria princeps poUicis, descends between the first Dorsal 
interosseous and the transverse head of the Adductor poUicis, and runs 
along the lateral side of the index finger to its extremity : it anastomoses 
vdth the digital artery supplying the medial side of the finger. At the 
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Radial 
recurrent a. 

Common 
interosseous a. 

Rosterior inter- 
osseous artery 


lower border of the transverse head of the Adductor poUicis this vessel 
anastomoses with the arteria princeps poUicis, and gives a communicating 

branch to the superficial palmar 
Pig. 732. — The arteries of the forearm and hand. arch. 

Deep dissection. The arteria princeps poUicis 

and arteria radialis indicis may 
spring from a common trunk, 
which is named thej^r^^ palmar 
metacarpal artery. 

The deep palmar arch (fig, 
732)isformed by the anastomosis 
of the terminal part of the radial 
artery with the deep branch of 
the ulnar artery. It lies upon 
the proximal ends of the meta- 
carpal bones and on the Inter- 
ossei, and is covered by the 
obhque head of the Adductor 
pollicis, the fiexor tendons of 
the fingers and the Lumbrical 
muscles. In its concavity, but 
running towards the lateral side 
of the hand, is the deep branch 
of the ulnar nerve. 

The branches of the deep pal- 
mar arch are : palmar metacar- 
pal, perforating and recurrent. 

The palmar metacarpal ar- 
teries (fig. 732), three in number, 
arise from the convexity of the 
deep palmar arch ; they run 
distaUy upon the Interossei of 
the second, third and fourth 
spaces, and, at the clefts of the 
fingers, join the digital branches 
of the superficial palmar arch. 

The perforating branches, 
three in number, pass backwards 
from the deep palmar arch, 
through the second, third and 
fourth interosseous spaces and 
between the heads of. the corre- 
sponding Dorsal interosseous 
muscles, to anastomose with 
the dorsal metacarpal arteries. 

The recurrent branches arise 
from the concavity of the deep 
palmar arch ; they ascend in front of the wrist, supply the intercarpal articu- 
lations, and end in the anterior carpal arch. 



Adductor poUicis, 
ohlisue head 


Deep palmar 
arch 

Palmar meta- 
rpal artery 


The Ulnar Artery (figs. 730 to 735) 

The ulnar artery, the larger of the two ter min al branches of the brachial 
artery, begins opposite to the neck of the radius, about 1 cm. below the bend 
of the elbow, and, passing downwards and medially, reaches the medial side 
of the forearm at a point about midway between the elbow and the wrist. It 
then runs along the medial side of the forearm to the wrist, and crosses the 
flexor retinaculum (transverse carpal ligament) on the lateral side of the ulnar 
nerve and the pisiform bone. Immediately beyond this bone it gives off a deep 
branch, and is then continued across the palm under the name of the superficial 
palmar arch. 
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Relations. — {a) In the forearm . — ^The upper half of the vessel (figs. 730, 731, 
732) is deeply seated, passing obliquely under cover of the Pronator teres. 
Flexor carpi radialis, Palmaris longus and Flexor digitorum sublimis to the 
medial side of the forearm, where it is overlapped by the Flexor carpi ulnaris ; 
it hes upon the Brachialis and the Flexor digitorum profundus. Below the elbow 
the median nerve is on the medial side of the artery for about 2*5 cm. and 
then crosses the vessel, but is separated from it by the ulnar head of the 
Pronator teres. The lower half of the vessel (figs. 730, 735) lies upon the 
Flexor digitorum profundus ; it is covered by the skin, superficial and deep 
fasciae, and is placed between the Flexor carpi ulnaris and Flexor digitorum 
sublimis. 

It is accompanied by two venae comitantes, and is overlapped in its middle 
one-third by the Flexor carpi ulnaris ; the ulnar nerve lies close to the medial 
side of the lower two-thirds of the artery, and the palmar cutaneous branch 
of this nerve descends on the lower part of the vessel to the palm of the 
hand. 

(6) At the wrist (figs. 732, 733, 734) the ulnar artery is covered by the skin 
and fasciae and the Palmaris brevis muscle, and lies between the superficial 
and the main part of the fiexor retinaculum (p. 609). The ulnar nerve and the 
pisiform bone are on its medial side. 

Peculiarities . — ^The ulnar artery varies in its origin in about 8 per cent, of cases ; it 
frequently arises above the elbowi the brachial being more often the source of origin than 
the axillary. When its origin is normal, the course of the vessel is rarely changed. When 
the artery arises high up, it is usually superficial to the flexor muscles in the forearm, 
lying commonly beneath the fascia, more rarely between the fascia and skin ; the brachial 
artery then gives off the common interosseous artery, and the latter, the anterior and post- 
erior ulnar recurrent arteries. Occasionally it is subcutaneous in the, upper part of the fore- 
arm, and subfascial in the lower part. 

When the ulnar artery is superficial there is some danger of its being wounded when 
the median cubital vein is opened for the purpose of transfusing blood or injecting saline 
solution. 


The branches of the uhaar artery may be arranged in the following groups : 


In the forearm 


Anterior recurrent. 
Posterior recurrent. 
Common interosseous. 
^Muscular. 


In the ^«<^'{s^rfioS°palmax arch. 


The anterior ulnar recurrent artery (figs. 729, 732), a small branch, arises 
imm ediately below the elbow- joint, runs upwards between the Brachialis and 
Pronator teres, supplies twigs to those muscles, and, in front of the 
medial epicondyle, anastomoses with the ulnar collateral and supratrochlear 
arteries. 

The posterior ulnar recurrent artery (figs. 729, 732) is much larger, and arises 
somewhat lower than the anterior artery. It passes backwards and medially on 
the Flexor digitorum profundus, behind the Flexor digitorum sublimis, and 
ascends behind the medial epicondyle of the humerus. Jn the interval between 
this process and the olecranon, it lies deep to the Flexor carpi ulnaris, and 
ascends between the two heads of this muscle, in contact with the ulnar nerve ; 
it supplies the neighbouring muscles and the elbow- joint, and anastomoses with 
the ulnar collateral, the supratrochlear and the interosseous recurrent arteries 
(fig. 736). 

The co mm on interosseous artery (fig. 732), about 1 cm, in length, arises 
immediately below the tuberosity of the radius, and, passing backwards to 
the upper border of the interosseous membrane of the forearm, divides into two 
branches, termed the anterior and posterior interosseous arteries. 

The anterior interosseous artery (figs. 732, 735) descends on the anterior 
surface of the interosseous membrane of the forearm, accompanied by the 
anterior interosseous branch of the median nerve, and overlapped by the con- 
tiguous margins of the Flexor digitorum profundus and Flexor pollicis longus ; 
it gives off muscular branches, and the nutrient arteries _of the radius and uJna. 
At the upper border of the Pronator quadratus it pierces the interosseous mem- 
brane and reaches the back of the forearm, where it anastomoses with the 
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posterior interosseous artery and descends on the back of the wrist in the 
compartment of the extensor retinaculum (dorsal carpal hgament) containing 
the tendons of the Extensor digitorum and Extensor indicis, and joins the 
posterior carpal arch. Before the artery pierces the interosseous membrane, 
it sends a branch downwards behind the Pronator quadratus to join the 
anterior carpal arch. The arteria mediana^ a long, slender branch, arises 
from the beginning of the anterior interosseous artery, and accompanies the 
median nerve closely. Sometimes it is much enlarged and runs with the nerve 
into the palm of the hand (p. 152), where it may join the superficial palmar arch 
or end as one or two of the palmar digital arteries. 

The posterior interosseous artery (figs. 735, 736), usually smaller than the 
anterior interosseous artery, passes backwards between the oblique cord and 
the upper border of the antebrachial interosseous membrane. It appears on 


Fig-. 733. — A transverse section through the lower ends of the left radius and ulna. 
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the back of the forearm between the contiguous borders of the Supinator and 
the Abductor poUicis longus, and descends between the superficial and deep 
layers of muscles, to both of which it distributes branches. As it lies upon the 
Abductor poUicis longus, it is accompanied by the posterior interosseous nerve 
(deep branch of the radial nerve). At the lower part of the forearm it anastom- 
oses with the termination of the anterior interosseous artery, and with the 
posterior carpal arch. It gives off, near its origin, the interosseous recurrent 
artery^ which ascends to the interval between the lateral epicondyle and ole- 
cranon, on or through the fibres of the Supinator, but deep to the Anconeus, and 
anastomoses with the posterior descending branch of the arteria profunda 
brachii, and with the posterior ulnar recurrent, and supratrochlear (inferior 
ulnar collateral) arteries. 

The muscular branches are distributed to the muscles along the ulnar side 
of the forearm. 

The anterior carpal branch is a small vessel which crosses the front of the 
carpus behind the tendons of the Flexor digitorum profundus ; it anastomoses 
with the anterior carpal branch of the radial artery, and assists in forming the 
anterior carpal arch (p. 750). 

The posterior carpal branch arises immediately above the pisiform bone, and 
winds backwards deep to the tendon, of the Flexor carpi ulnaris ; . it passes 
laterally across the posterior surface of the carpus under cover of the extensor 
tendons, anastomoses with the posterior carpal brandy of the radial artery, 
and assists in forming the posterior carpal arch (p. 751). Near to its origin 
it gives off a small branch which runs along the ulnar side of the fifth meta- 
carpal bone, and supplies the ulnar side of the dorsal surface of the little 
finger. 
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The deep branch (fig. 732) passes between the Abductor digiti and 

Flexor digiti minimi, and through or deep to the origin of the Opponens digiti 

Fig. 734.— a transverse section through the left wrist. Superior aspect. 
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The section is slightly oblique and divides the distal row of the carpus, and the 
bases of the first, second and third metacarpal bones. The arrangement of 
the tendons of the flexors of the fingers shown in the figure is not diagram- 
matic but represents the actual condition at this level. Observe that the 
carpometacarpal joint of the thumb is shut off from the joint between the 
trapezium and the base of the second metacarpal bone. 


Fig. 735. — transverse section through the middle of the forearm. 
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minimi ; it anastomoses with the radial artery, and completes the deep palmar 
arch ; it is accompanied by the deep branch of the ulnar nerve. 

The superficial palmar arch (superficial volar arch) (fig. 730) is formed 
mainly by the ulnar artery, which enters the hand with, the ulnar nerve m 
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Fig. 736 .— The arteries of the posterior surface of 
the right forearm and hand. 
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front of the flexor retinaculum (transverse carpal ligament), and on the lateral 
side of the pisiform bone. It then passes across the palm, forming the super- 
ficial palmar arch, the convexity of which is directed towards the fingers, and 

is placed at the level of a line 
drawn across the hand from 
the distal border of the root of 
the extended thumb. The 
arch is usually completed by 
a branch of the arteria radialis 
indicis, but sometimes by the 
superficial palmar artery or a 
branch of the arteria princeps 
poUicis. The arch is covered 
by the palmaris brevis and the 
palmar aponeurosis, and lies 
on the Flexor digiti minimi, 
the branches of the median 
nerve, the flexor tendons and 
the Lumbricals. 

Three palmar digital arteries 
(fig. 730) g^rise from the con- 
vexity of the superficial palmar 
arch and proceed downwards 
on the second, third and fourth 
Lumbricals. Each is joine^, 
by the corresponding palmar 
metacarpal artery from the 
deep palmar arch, and then 
divides into a pair of vessels, 
which run along the contiguous 
sides of the index, middle, ring 
and little fingers, behind the 
corresponding digital nerves ; 
they anastomose freely in the 
subcutaneous tissue of the 
finger tips and by smaller 
branches near the interphalan- 
geal joints. Each gives ofi 
two dorsal branches, which 
anastomose with the dorsal 
digital arteries, and supply the 
soft parts on the back of the 
I- middle and distal phalanges, 

■ ’ including the matrix of the 

finger-nail. The palmar digital 
artery for the medial side of 
the httle finger springs from 
the arch under cover of the 
Palmaris brevis. 

A free anastomosis takes 
place between the radial and 
ulnar arteries, (a) on the front 
and back of the wrist through 
the anterior and posterior 
carpal arches, and {h) in 
the hand through the super- 
ficial and deep palmar arches, and their digital and metacarpal branches. 

Allied Anatomy , — ^Wounds of the palmar arches are always dijB&oult to deal with. 
When the superficial arch is iavolved it is generally possible (enlarging the wound when 
necessary) to secure the vessel and tie it on both sides of the bleeding point ; or in cases 
where it is found impossible to encircle the vessel with a ligature, a pair of artery clips 
may he applied and left on for twenty-four or forty-eight hours. Failing this, the wound 
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may be plugged, with gauze and an outside dressing carefully bandaged on. The plug 
should remain untouched for three or four days. It is useless in these cases to ligature one 
of the arteries of the forearm alone, and simultaneous ligature of both radial and ulnar 
arteries above the wrist is often unsuccessful, on account of the anastomosis carried on by 
the carpal networks. Therefore, upon the failure of pressure to arrest haemorrhage, it is 
expedient to apply a ligature to the. brachial artery. 

When an incision for deep-seated suppuration in the S3movial sheath of the flexor 
tendons is required, the situation of the superficial arch must always be borne in mind, 
and the incisions -placed either above or below it. The position of the digital branches 
of the artery must also be remembered, and the incisions made in front of the heads of the 
metacarpal bones and not between them. 


THE ARTERIES OP THE TRUNK 
The Descending Aorta 

The descending aorta is divided into two portions, descendiiig thoracic and 
abdominal, in correspondence with the two great cavities in which it is situated. 


The Descending Thoracic Aorta (fig. 737) 

The descending thoracic aorta is contained in the posterior mediastinum. It 
begins at the lower border of the fourth thoracic vertebra, where it is continuous 
with the aortic arch (p. 694), and ends in front of the lower border of the 
twelfth thoracic vertebra at the aortic opening in the Diaphragm. At its 
origin it is situated on the left of the vertebral column ; as it descends it ap- 
proaches the median plane, and at its termination lies in front of the column. 

Relations. — It is in relation, anteriorly, from above downwards, with the 
root of the left lung, the pericardium — ^which separates it from the left atrium — 
the oesophagus and the Diaphragm ; 'posteriorly, with the vertebral column and 
the hemiazygos veins ; on the right side, with the azygos vein and thoracic 
duct and, in the lower part of its course, with the right pleura and lung ; on 
the left side, with the left pleura and lung. The oesophagus, with its accom- 
panying plexus of nerves, lies on the right side of the aorta above ; but at the 
lower part of the thorax it is placed in front of the vessel, and, close to the 
Diaphragm, is placed anteriorly and to its left side. 


The Branches oe the Descending Thoracic Aorta 
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The pericardial branches consist of a few small vessels which are distributed 
to the posterior surface of the pericardium. 

The bronchial arteries vary in number, size and origin. There is as a rule 
one right bronchial artery, which arises from the third posterior (first aortic) 
intercostal artery, or from the upper left bronchial artery. It runs on the post- 
erior surface of the right bronchus, dividing and subdividing along the bronchial 
tubes, supplying them, the areolar tissue of the lung and the bronchopulmonary 
lymph glands ; it also sends branches to the pericardium and the oesophagus. 
The left bronchial arteries, usually two in number, arise from the descen^g 
thoracic aorta, the upper opposite the fifth thoracic vertebra, and the lower just 
below the left bronchus. They run on the posterior surface of the left bronchus 
and have a distribution similar to that of the right bronchial artery. 

The oesophageal arteries, four or five in number, arise from the front of the 
aorta, and pass obliquely downwards to the oesophagus ; on this they form a 
vascular chain, which anastomoses above with the oesophageal brg^nches of the 
inferior thyroid arteries, and below with ascending branches from the left 
phrenic and left gastric arteries. 

The mediastinal branches are numerous small vessels which supply the 
lymph glands and the areolar tissue in the posterior mediastinum. 

The phrenic branches are small, and arise from the lower part of the descend- 
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ing thoracic aorta ; they are distributed to the posterior part of the upper 
surface of the Diaphragm, and anastomose with the musculophrenic and peri- 
cardiacophrenic arteries. 

The posterior intercostal arteries. — ^There are usually nine pairs of posterior 
intercostal arteries derived from the descending thoracic aorta. They arise 
from the back of the vessel, and are distributed to the lower nine intercostal 

Fig. 737. — The heart and the thoracic aorta. Left lateral aspect. 
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spaces, the first and second spaces being supplied by the superior intercostal 
artery, a branch of the costocervlcal trunk of the subclavian artery (p. 739). 
The right posterior intercostal arteries are longer than the left, on account of 
the position of the aorta on the left side of the vertebral column ; they cross 
the bodies of the vertebrse behind the oesophagus, thoracic duct and vena 
azygos, and are covered with the right lung and pleura. The left posterior 
intercostal arteries run backwards on the sides of the vertebrse and are covered 
, with the left limg and pleura ; the upper* two vessels are crossed by the left 
superior intercostal vein, the lower vessels by the hemiazygos veins. The 
further course of the posterior intercostal arteries is practically the same on 
both sides. Opposite the heads of the ribs the sympathetic trunk passes down- 
wards in front of them, and the splanchnic nerves also descend in front of the 
lower arteries. 

Each artery (fig. 737) crosses its intercostal space obliquely towards the 
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angle of the upper rib, and thence is continued forward in the costal groove. 
It is placed at first between the pleura and the posterior intercostal membrane, 
as far as the angle of the rib ; from this onward it runs between the Internal 
intercostal and the Intercostalis intimus muscle (p. 553), and anastomoses in 
front with the anterior intercostal branch of the internal mammary or musculo- 
phrenic artery. Each artery is accompanied by a vein and a nerve, the former 
being above and the latter below the artery, except in the upper spaces, where 
the nerve is at first above the artery. The third posterior (&st aortic) inter- 
costal artery anastomoses with the superior intercostal artery, and may form 
the chief supply of the second intercostal space. The lower two posterior 
intercostal arteries are continued anteriorly from the intercostal spaces into 
the abdominal wall and anastomose with the subcostal, superior epigastric and 
lumbar arteries. 

Each posterior intercostal artery gives off the following branches : 

Posterior. Muscular. 

Collateral intercostal. Lateral cutaneous. 

Mammary. 

Each posterior branch runs backwards through a space which is bounded 
above and below by the necks of the ribs, medially by the body of a vertebra, 
and laterally by a superior costotransverse ligament (anterior costotransverse 
hgament). It gives off a spinal branchy which enters the vertebral canal through 
the intervertebral foramen, and is distributed to the vertebrae and to the spinal 
cord and its membranes, anastomosing with the spinal arteries above and 
below and with the artery of the opposite side. The posterior branch then 
courses over the transverse process with the posterior primary ramus of the 
thoracic nerve, supplies offshoots to the muscles of the back, and a cutaneous 
twig which accompanies the cutaneous branch of the posterior primary ramus 
of the nerve. 

The collateral intercostal branch comes off the posterior intercostal artery near the 
angle of the rib, and descends to the upper border of the rib below, along which it courses 
to anastomose with an intercostal branch of the internal mammary or musculophrenic 
artery. The collateral branches of the lower two vessels are sometimes absent ; if present, 
they are small and end in the abdominal muscles. 

Muscular branches are given to the Intercostal and Pectoral muscles and to the Serratus 
anterior ; they anastomose with the superior and lateral thoracic branches of the axillary 
artery. 

The lateral cutaneous branches accompany the lateral cutaneous branches of the thoracic 
nerves. 

Manunary branches are given off by the vessels in the second, third and fourth spaces ; 
they increase considerably in size durmg the period of lactation. 

The right bronchial artery may arise from the right third posterior (first aortic) inter- 
costal artery (p. 757). 

Applied Anatomy . — ^The position of the posterior intercostal vessels should be borne 
in mind in performing the operation of paracentesis thoracis. The puncture should never 
be made nearer the posterior median line than the angle of the rib, as the artery crosses 
the space medial to this point. In the lateral portion of the chest, where the puncture is 
usually made, the artery lies at the upper part of the intercostal space, and therefore the 
puncture should be made just above the upper border of the rib forming the lower boundary 
of the space. 

The relation of the Diaphragm to the deep surface of the lower intercostal spaces must 
be remembered, otherwise the abdominal cavity may be opened inadvertently while making 
incisions in these spaces. 

The subcostal arteries, the last pair of arteries arising from the descending 
thoracic aorta, are in series with the posterior intercostal arteries, but are 
named subcostal because they are situated below the twelfth rib. Each artery 
runs laterally over the body of the twelfth thoracic vertebra, and behind the 
splanchnic nerves, the ganghated trunk of the sympathetic, the pleura and the 
Diaphragm. The right artery also passes behind the thoracic duct and the 
vena azygos, and the left behind the inferior hemiazygos vein. Each artery 
then enters the abdomen under cover of the lateral arcuate ligament (lateral 
lumbocostal arch), and courses with the twelfth thoracic nerve along the lower 
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border of the twelfth rib, anterior to the Quadratus lumborum and posterior to 
the kidney. The right artery runs behind the ascending, and the left behind the 
descending, colon. Each artery then pierces the aponeurosis of origin of the 
Transversus abdominis, and, passing forward between this muscle and the 
Obhquus internus, anastomoses with the superior epigastric, lower posterior 
intercostal and lumbar arteries. Each subcostal artery gives ofE a posterior 
branch, which is distributed like the posterior branch of a posterior intercostal 
artery. 

A small aberrant artery is sometimes found arising from the right side of the descending 
thoracic aorta near the origin of the right bronchial. It passes upwards and to the right 
behind the trachea and the oesophagus, and may anastomose with the right superior 
intercostal artery. It represents the remains of the right dorsal aorta (p. 149), and in a 
small proportion of cases is enlarged to form the first part of the right subclavian artery. 

Peculiarities . — ^The lumen of the aorta is occasionally found to be partly or completely 
obliterated, either at the aortic isthmus, or close to the point where the ductus arteriosus 
opens into it. This condition is known as coarctation of the aorta. It may be either con- 
genital or acquired. In the former case the infant usually dies at or soon after birth. 
When acquired, it is apparently due to an abnormal extension of the peculiar tissue of 
the ductus into the aortic wall, giving rise to a simultaneous stenosis of both vessels as it 
contracts after birth. This form of coarctation is compatible with many years of normal 
life, and leads to the establishment of an extensive collateral circulation to carry blood to 
the aorta immediately below the stenosis. In one case the following vessels were involved — 
Firstly, the internal mammary anastomosed with the posterior intercostal arteries and 
with the phrenic of the abdominal aorta by means of the musculophrenic and pericardiaco- 
phrenic, and its superior epigastric branch anastomosed freely with the inferior epigastric. 
Secondly, the costocervical trunk anastomosed anteriorly by means of a large branch 
with the third posterior (first aortic) intercostal, and posteriorly with the posterior branch 
of the same artery. Thirdly, the inferior thyroid, by means of a branch about the size 
of an ordinary radial, formed a communication with the third posterior intercostal. 
Fourthly, the transverse cervical, by means of very large communications, anastomosed 
with the posterior branches of the posterior intercostals. Fifthly, the branches (of the 
subclavian and axillary) going to the side of the chest anastomosed freely ..with the lateral 
branches of the intercostals. In a second case Wood described the anastomoses in a some- 
what similar manner, adding the remark, that “ the blood which was brought into the 
aorta through the anastomoses of the intercostal arteries appeared to be expended princip- 
ally in supplying the abdomen and pelvis ; while the supply to the lower extremities had 
passed through the internal mammary and epigastrics.” 

Applied Anatomy . — ^Aneurysm of the descending thoracic aorta most commonly extends 
backwards along the left side of the vertebral column and leads to absorption of the bodies 
of the vertebrae (but not of the intervertebral discs) and of the ribs ; pressure on the inter- 
costal nerves may give rise to radiating pains in the left upper intercostal spaces ; after 
erosion of the vertebrae the aneurysm may compress the spinal nerve-roots or ultimately 
the spinal cord, producing pains in the chest, back or loins, or paralysis below the site of 
the lesion ; at the same time the aneurysm may project backwards under the skin as a 
pulsating swelling. If the aneurysm extend forward, it may press upon and displace the 
heart, giving rise to palpitation and other symptoms of disease of that organ ; it may 
displace or compress the oesophagus^ causing pain and difficulty of swallowing, and ultim- 
ately even open into it by ulceration, producing fatal haemorrhage. If the aneurysm extend 
to the right side, it may press upon the thoracic duct ; it may burst into the pleural cavity, 
or into the lung ; or it may open into the posterior mediastinum. Pressure on one of the 
bronchi, usually the left, will cause cough, and in time set up bronchiectasis. Of late 
years, the diagnosis of thoracic aneurysm has been much facilitated by the employment 
of the a;-rays, by means of which the outline of the sac may be demonstrated. 


The Abdominal Aorta (fig. 738) 

The abdominal aorta begins at the aortic opening of the Diaphragm, in 
front of the lower border of the body of the last thoracic vertebra, and, descend- 
ing in front of the vertebral column, ends on the body of the fourth lumbar 
vertebra, a little to the left of the median plane, by dividing into the two com- 
mon iliac arteries. It diminishes rapidly in size, in consequence of the large 
branches which arise from it. 

Relations . — Anteriorly the abdominal aorta is at first related to the coeliac 
artery and its branches, the coeliac plexus of nerves and the lesser sac of 
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peritoneum (omental bursa), which intervene between it and the papillary 
process of the liver and the lesser omentum. Immediately below this level the 
aorta gives origin to the superior mesenteric artery, and is crossed by the left 
renal vein. The body of the pancreas, with the splenic vein closely applied 
to its posterior aspect, extends obliquely upwards and to the left across the 
abdominal aorta, but is separated from it by the vessels already mentioned. 
Below the pancreas the aorta is related to the proximal parts of its testicular 
(or ovarian) branches, and is crossed by the third part of the duodenum. In its 
lowest part the aorta comes into intimate relationship wh;h the posterior parietal 
peritoneum and is crossed by the root of the mesentery and its contents. The 

Fig. 738. — The abdominal aorta and its branches. 
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large nerves of the aortic plexus, the inferior mesenteric ganglion, and the 
commencement of the inferior mesenteric artery all intervene between the vessel 
and the peritoneum. 

Posteriorly the abdominal aorta lies on the upper four lumbar vertebrse, the 
corresponding intervertebral discs and the anterior longitudinal ligament. 
The lumbar arteries; which arise from its dorsal aspect, and the third and fourth 
and sometimes the second left lumbar veins, which cross behind it to reach the 
inferior vena cava, intervene between the vessel and the ligament. The vessel may 
overlap the anterior border of the left Psoas major muscle to a slight extent. 

On the right side, it is related above to the cistema chyli and the thoracic 
duct, the azygos vein, and the right crus of the Diaphragm, which overlaps it 
and separates it from the inferior vena cava and the right coeliac ganglion. 
Below the level of the second lumbar vertebra it is in contact with the inferior 
vena cava. 

On the left side, it is related to the left crus of the Diaphragna and the left 
coeliac ganglion, above. Opposite the second lumbar vertebra it comes into 
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relation with the duodeno- jejunal flexure and the sympathetic trunk, which 
continues downwards along the left side of the vessel. The fourth (ascending) 
part of the duodenum and the inferior mesenteric vessels constitute additional 
relations. 

Applied Anatomy , — Aneuxysm of the abdominal aorta occurs most frequently at its 
upper part, close to and often involving the cceliac artery, because in this situation the 
vessel rapidly narrows after giving off several large branches, and its walls have lost the 
support afforded higher up by the crura of the Diaphragm. 

If the aneurysm enlarges forwards it forms a pulsating tumour in the left hypochondriac 
or epigastric regions ; by pressure upwards at the same time it may interfere with the 
movements of the Diaphragm and embarrass respiration, or may compress the oesophagus 
and produce dysphagia ; pressure on the stomach and cceliac plexus gives rise to dyspepsia, 
while jaundice may follow pressure on the bile duct and duodenum, or polyuria, albuminuria, 
hsematuria and anuria pressure on the renal vessels and nerves ; if the inferior vena cava 
is compressed there may be oedema of the lower limbs. This form of aneurysm may burst 
into the peritoneal cavity, behind the peritoneum, between the layers of the mesentery, 
or more rarely into the duodenum. 

When an aneurysm of the abdominal aorta enlarges backwards it usually produces 
absorption of the bodies of the vertebrae. Pain is invariably present and is usually of two 
kinds— a fixed and constant pain in the back, caused by the tumour eroding the bones, 
and a sharp lancinating pain radiating to the loins, hypogastrium and buttocks along the 
branches of the lumbar nerves which are pressed on by the tmnour. 

The abdominal aorta has been tied in several cases, and although none of the patients 
permanently recovered, still, as one case lived forty-eight days, the possibility of the 
re-establishment of the circulation may be considered to be proved. 

Collateral Circulation . — ^The collateral circulation would be carried on by the anastom- 
oses between the internal mammary and the inferior epigastric arteries ; by the free 
communication between the superior and inferior mesenteric arteries, if the ligature were 
placed between these vessels ; or by the anastomosis between the inferior mesenteric and 
the internal pudendal arteries, when (as is more common) the point of ligature is below 
the origin of the inferior mesenteric artery ; and possibly by the anastomoses of the lumbar 
arteries with the branches of the internal iliac (hypogastric) artery. 


Tsb Bbaitches of the Abdominal Aorta (flg. 738) 

The branches of the abdominal aorta may be divided into four sets : ventral, 
lateral, dorsal and terminal. The ventral and lateral branches are distributed 
to viscera, while the dorsal branches supply the body wall. 

Ventral branches. Dorsal branches. 

Cceliac. Lumbar. 

Superior mesenteric. Median sacral. 

Inferior mesenteric. 

Lateral branches. 

Phrenic. 

Middle suprarenal. 

Renal. 

Testicular (in the male). 

Ovarian (in the female). 

The ventral branches, which supply the alimentary canal and its derivatives, 
represent fused ventral branches of the two dorsal aortse and are therefore 
unpaired. The lateral branches, which supply the derivatives from the meso- 
nephric ridges, are all paired vessels. Of the dorsal branches, the lumbar 
arteries, which represent persistent intersegmental arteries (p. 150), are paired, 
but the median sacral is an unpaired vessel. The terminal branches are paired. 


Terminal branches. 
Common ihac. 


The Cceliac Artery (figs. 739, 740) 

The cceliac artery is a thick trunk, about 1 -25 cm. long, which arises from 
the front of the aorta, just below the aortic opening of the Diaphragm ; it 
passes nearly horizontally forwards above the pancreas and the splenic vein, 
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and divides into three branches, (1) left gastric, (2) hematic, and (3) splenic ; 
it occasionally gives off one of the phrenic arteries. 

Relations. — The coeliac artery hes behind the lesser sac of the peritoneum 
(omental bursa), and is surrounded by the coeliac plexus of nerves, which sends 
branches along the three divisions of the artery. On its right side i\> is related to 
the right coeliac ganglion, the right crus of the Diaphragm, and the caudate 
process of the liver : on its left side to the left coeliac ganglion, the left crus of 
the Diaphragm, and the cardiac end of the stomach. Below it is related to the 
upper border of the pancreas and the splenic vein. 

1. The left gastric artery (fig. 739), which is the smallest branch of the 
coeliac artery, passes upwards and to the left, behind the lesser sac, to the cardiac 
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Fig. 739. — ^The coeliac artery and its branches. 
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end of the stomach. In its course, the left gastric artery lies close to the left 
phrenic artery and medial to or in front of the left suprarenal gland. At 
or near the cardiac end of the stomach it gives off two or three oesophageal 
branches, which ascend through the oesophageal opening of the Diaphragm 
and anastomose with the aortic oesophageal arteries ; others supply the cardiac 
part of the stomach and anastomose with branches of the splenic artery. The 
artery then turns forwards and downwards in the left gastropancreatic 
fold, and runs (freq^uently as two branches) along the lesser curvature of the 
stomach to the pylorus, between the layers of the lesser omentum ; it gives 
branches to both surfaces of the stomach and anastomoses with the right 
gastric artery. 

2. The hepatic artery (figs. 739, 741) is intermediate in size between the 
left gastric and splenic arteries. It is accompanied by the hepatic plexus of 
nerves, and is first directed forwards and to the right, to the upper margin of 
the first part of the duodenum, passing below the medial end of the opening 
into the lesser sac (epiploic foramen) (fig. 1162). It then crosses in front of the 
portal vein, and ascends between the layers of the lesser omentum and in 
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front of the opening into the lesser sac, to the porta hepatis, where it divides 
into right and left branches which supply the corresponding lobes of the liver, 
accompanying the ramifications of the portal vein and hepatic ducts. In 
the lesser omentum the hepatic artery lies in front of the portal vein, and on 
the left of the bile-duct and its right branch crosses behind the common hepatic 
duct (fig. 741). The distribution of the hepatic artery within the liver is de- 
scribed with the anatomy of the liver, in the section on Splanchnology. 

Its branches are : 

Right gastric. Gastroduodenal. Cystic. 

The right gastric artery (fig. 739) arises from the hepatic artery above the 
first part of the duodenum ; it descends in the lesser omentum to the pyloric 


Fig. 740. — The coeliac artery and its branches. 
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end of the stomach, and passes from right to left along its lesser curvature, 
supplying it with branches, and anastomosing with the left gastric artery. 

The gastroduodenal artery (figs. 739, 740) is a short but large branch, which 
descends between the first part of the duodenum and the neck of the pancreas, 
lying immediately to the right of the line along which the peritoneum is refiected 
from the posterior surface of the first half-inch of the duodenum (fig. 1161). Atthe 
lower border of the duodenum it divides into the right gastro-epi^ploic and the sttp- 
erior pancreaticoduodenal arteries. Previous to its division it gives off two or 
three small branches to the pyloric end of the stomach and to the pancreas. 

The right gastro-epiploic artery (figs. 739, 740), which is the larger terminal 
branch of the gastroduodenal artery, skirts the right margin of the lesser sac 
and then runs from right to left along the greater curvature of the stomach, 
between the layers of the greater omentum. It ends by anastomosing with 
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the left gastro-epiploic branch of the splenic artery. Except at the pylorus, 
where it is in contact with the stomach, it lies about a finger’s breadth from the 
greater curvature. This vessel gives o£E numerous branches, some of which 
ascend to supply both surfaces of the stomach, while others descend to supply 
the greater omentum. 

The superior pancreaticoduodenal artery (fig. 740) is usually represented by 
an anterior and a posterior vessel. The anterior descends on the front of the 
groove between the duodenum and the head of the pancreas. It supplies both 
of these organs, and anastomoses with the anterior division of the inferior 
pancreaticoduodenal branch of the superior mesenteric artery, and with the 
pancreatic branches of the splenic artery. The posterior superior pancreatico- 
duodenal artery arises from the gastroduodenal at the upper border of the first 


Fig. 741. — ^Drawing of a dissection to show the relations of the hepatic artery, 
bile duct and portal vein in the lesser omentum. 
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part of the duodenum, and runs downwards and to the right in front of the 
portal vein and the bile duct. It then passes downwards on the back of the 
head of the pancreas, supplying branches to the gland and to the duodenum, 
and crosses behind the bile duct, just before that structure pierces the duodenal 
wall. It ends by anastomosing with the posterior division of the inferior 
pancreaticoduodenal artery. 

The cystic artery (fig. 74L), usually arises from the right branch of the hepatic 
artery, and passes behind the common hepatic and cystic ducts to gain the 
upper surface of the neck of the gall-bladder, on which it runs downwards and 
forwards before dividing into supen^cial and deep branches. The former rami- 
fies on the free, and the latter on the attached, surface of the gall-bladder. 
Occasionally the cystic artery arises from the trunk of the hepatic artery or, 
rarely, from the gastroduodenal artery, and crosses in front of the bile duct to 
reach its destination. 

3. The splenic ^ery (figs. 739, 740), which is the largest branch of the 
coeliac artery, is remarkable for the tortuosity of its course. Si^rounded by 
the splenic plexus of nerves, and accompanied by the splenic vein, which lies 
behind the pancreas, it passes horizontally to the left, behind the stomach and 
the lesser sac of the peritoneum (omental bursa), and along the upper border 
of the pancreas ; it crosses in front of the left sunrarenal gland and the upper 
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part of the left kidney, and enters the lienorenal ligament. On arriving near 
the spleen it gives origin to five or six branches which enter the hilnm of the 
spleen. 

Its branches are : 

Pancreatic. Left gastro-epiploic. 

Short gastric. Splenic. 

The pancreatic branches (fig. 740) are numerous small vessels supplying the 
body and tail of the pancreas ; they are derived from the splenic artery as it 
runs along the upper border of the pancreas. One branch, larger than the 
rest, is sometimes given off near the tail of the pancreas ; it runs from left 
to right near the posterior surface of the gland, following the course of the 
pancteatic duct, and is sometimes called the arteria pancreatica magna. These 
vessels anastomose with the pancreatic branches of the superior and inferior 
pancreaticoduodenal arteries. 

The short gastric arteries (fig. 740) consist of from five to seven small branches 
which arise from the end of the splenic artery, and from its terminal divisions. 
They pass between the layers of the gastrosplenic ligament, and are distributed 
to the fundus of the stomach, anastomosing with branches of the left gastric 
and left gastro-epiploic arteries. 

The left gastro-epiploic artery (figs. 739, 740), the largest branch of the 
splenic artery, runs from left to right about a finger’s breadth from the greater 
curvature of the stomach, between the layers of the greater omentum, and 
anastomoses with the right gastro-epiploic artery. It distributes several 
ascending branches to both surfaces of the stomach ; others descend to supply 
the greater omentum. It should be observed that the splenic artery and its 
gastric branches pass round the left border of the lesser sac of the peritoneum 
(omental bursa) (fig. 1162). 

The splenic branches enter the hilum of the spleen between the two layers 
of the lienorenal ligament. Their distribution within the spleen is described 
with the anatomy of that organ (p. 1424). 

Peculiarities, — Although the arrangement of the cceliac artery and its branches is fairly 
constant, three variations are worthy of mention. (1) An CLCcessory right hepatic artery 
sometimes arises from the superior mesenteric artery and runs upwards and to the right, 
passing behind the portal vein to gain the right extremity of the porta hepatis. (2) An 
accessory left hepatic artery not infrequently arises from the left gastric artery and courses 
to the right between the two layers of the lesser omentum. It enters the lower part of 
the fissure for the Hgamentum venosum to gaiu the left extremity of the porta hepatis. 
(3) An accessory left gastric artery may arise from the left branch of the hepatic artery and 
traverse the lesser omentum to gain the lesser curvature of the stomach. 


The Superior Mesenteric Artery (fig. 742) 

The superior mesenteric artery supplies the whole of the small iutestine 
except the first part of the duodenum ; it also supplies the caecum and the 
ascending colon and most of the transverse colon. It arises from the front 
of the aorta about 1 cm. below the cceliac artery, and is crossed at its origin 
by the splenic vein and the body of the pancreas. Near its origin it is separated 
from the front of the aorta by the left renal vein. ' Thereafter it passes down- 
wards and forwards, anterior to the uncinate process of the head of the pancreas 
and the third part of the duodenum, and descends between the layers of the 
mesentery and near its root until it reaches the right ihac fossa, where, con- 
siderably diminished in size, it anastomoses with one of its own branches, viz. 
the ileocolic artery. In its course it crosses in front of the inferior vena cava, 
the right ureter, and Psoas major, and forms an arch, the convexity of which 
is directed forwards, downwards, and to the left side. It is accompanied by 
the superior mesenteric vein, which lies to its right side, and is surrounded by 
the superior mesenteric plexus of nerves. Its branches are : 


Inferior pancreaticoduodenal. 
Jejunal and ileal. 


Ileocolic. 
Right cohc. 


Middle colic. 
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The inferior pancreaticoduodenal artery (fig. 740) springs from the superior 
mesenteric artery or from its first jejunal branch, opposite the upper border 
of the third part of the duodenum. Usually it divides at once into an anterior 
and a posterior branch. The anterior branch courses to the right in front of the 
head of the pancreas and then ascends to anastomose with the anterior superior 
pancreaticoduodenal artery. The posterior branch passes upwards and to the 
right behind the head of the pancreas, which it sometimes pierces, to anastomose 
with the posterior superior pancreaticoduodenal artery. Both branches supply 

Fig. 742. — The superior mesenteric artery and its branches. 
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the head of the pancreas, including its uncinate process, and the second, third 
and fourth parts of the duodenum. 

The jejunal and ileal branches (fig. 742) arise from the left side of the superior 
mesenteric artery.* They are usually from twelve to fifteen in number, and are 
distributed to the jejunum and ileum, with the exception of the terminal part 
of the latter, which is supplied by the ileocolic artery. They run nearly parallel 
with one another between the layers of the mesentery, each vessel dividing into 
two branches, which unite with adjacent branches, to form a series of arches 
(fig. 743). The branches which arise from the arches unite to form a second 
series of arches, and the process may be repeated three or four times. In the 
short, upper part of the mesentery only one set of arches exists, but as the 
mesentery increases in depth, second, third, fourth, and even fifth groups are 
present. From the terminal arches numerous small straight vessels arise which 
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supply the intestine. These terminal branches are distributed, roughly altern- 
ately, to the right and left surfaces of the gut, and neighbouring vessels do not 
anastomose with one another.* As a rule the jejunal arteries are longer and 
less numerous than the ileal arteries. From both groups small branches are 
given off to the lymph glands and other structures between the layers of the 
mesentery. 

The ileocolic artery (fig. 742) is the lowest of the branches arising from the 
concavity of the superior mesenteric artery. It passes downwards and to the 
right behind the peritoneum, towards the right iliac fossa, where it divides into 
a superior and an inferior branch ; the superior branch anastomoses with the 
right cohc artery, the inferior with the end of the superior mesenteric artery. 
In its course, the ileocolic artery crosses in front of the right ureter, testicular 
(or ovarian) vessels and Psoas major muscle. 

The inferior branch of the ileocolic runs towards the upper border of the ileocolic 
junction and supplies the following branches (fig. 744) : (a) colic, which passes upwards on 
the ascending colon ; (6) anterior oxiA posterior coecal, which are distributed to the front and 
back of the csecum ; (c) an appendicular artery, which descends behind the termination of 
the ileum and enters the mesentery of the vermiform appendix ; it runs near the free 
margin of this mesentery and ends in branches which supply the vermiform appendix ; 
and (d) ileal, which runs upwards and to the left on the lower part of the ileum, and anastom- 
oses with the termination of the superior mesenteric artery. 

The right colic artery (fig. 742) arises from near the middle of the concavity 
of the superior mesenteric artery, or from a stem common to it and the ileocolic 
artery. It passes to the right behind the peritoneum, and in front of the right 
testicular (or ovarian) artery and vein, the right ureter, and the Psoas major, 
towards the ascending colon. Sometimes the vessel hes at a higher level, and 
crosses the second part of the duodenum and the lower end of the right kidney. 
At the colon it divides into a descending branch, which anastomoses with the 
ileocohc artery, and an ascending, branch, which anastomoses with the middle 
colic artery. These branches form arches, from the convexity of which vessels 
are distributed to the ascending colon. 

The middle colic artery (fig. 742) arises from the superior mesenteric artery 
just below the pancreas and, passing downwards and forwards between the 
layers of the transverse mesocolon, divides into a right and a left branch ; the 
former anastomoses with the right cohc artery ; the latter with the superior 
l^ft colic artery, a branch of the inferior mesenteric artery. The arches thus 
formed are placed about two fingers’ breadth from the transverse colon, to 
which they distribute branches. 


The Inferior Mesenteric Artery (fig. 745) 

The inferior mesenteric artery supplies the terminal part of the transverse 
colon, the whole of the descending colon, the pelvic colon and the greater part 
of the rectum. It is smaller than the superior mesenteric artery, and arises 
from the aorta, about 3 or 4 cm. above its division into the common iliac 
arteries, and close to the lower border of the third part of the duodenum. It 
descends behind the peritoneum, lying at first in front of the aorta, and then 
on its left side. It crosses the left common iliac artery on the medial side of 
the left ureter, and is continued between the two layers of the pelvic mesocolon 
into the true pelvis as the superior rectal (superior hcernorrhoidal) artery, and 
ends on the upper part of the rectum. In the lower part of its course, the in- 
ferior mesenteric vein hes on its lateral side. Its branches are : 

Superior left cohc. Inferior left cohc. Superior rectal. 

The superior left cohc artery (fig. 745) runs upwards and to the left behind 
the peritoneum and in front of the Psoas major, and, after a short but variable 
course, divides into an ascending and a descending branch ; the trunk or the 
branches of the artery cross the left ureter and left testicular vessels. The 
ascending branch passes in front of the left kidney and then between the two 
layers of the transverse mesocolon, where it anastomoses with the middle cohc 

* A. J. Cokkinis, JowmaZ o/4watomt/, vol, Ixiv. 1930. 
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artery ; the descending branch anastomoses with the highest inferior left colic 
(sigmoid) artery. Prom the arches formed by these anastomoses branches are 
distributed to the left half of the transverse colon, and to the descending colon. 

The inferior left colic arteries (sigmoid arteries) (figs. 745, 746), two or three 
in number, run obhquely downwards and to the left behind the peritoneum and 
in front of the left Psoas major, ureter, and testicular vessels. Their branches 
supply the lower part of the descending colon and the pelvic colon, anastomosing 
above with the superior left colic artery, and below with the superior rectal 


Fig. 745. — The inferior mesenteric vessels and their branches. 
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artery. The latter anastomosis, however, is dependent on one or more very 
slender connexions. 

The superior rectal artery (superior haemorrhoidal artery) (figs. 746, 746), 
which is the continuation of the inferior mesenteric artery, descends into the 
pelvis between the layers of the pelvic mesocolon, crossing, in its course, the 
left common iliac vessels. It divides, opposite the third sacral vertebra, into 
two branches ; these descend one on each side of the rectum, and supply its 
mucous membrane as far as the anal canal, and the upper part of its muscular 
coat ; about halfway down the rectum the two arteries break up into several 
small branches. These pierce the muscular coat of the bowel and run straight 
downwards in the wall of the gut between its muscular and mucous coats, to 
the level of the Sphincter ani intemus ; here by anastomoses with one another 
they form a system of loops around the lower end of the rectum, and com- 
municate with the middle rectal branches of the hypogastric (internal iliac) 
artery, and with the inferior rectal branches of the internal pudendal artery. 
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Applied Anaiomy . — ^As a result of the free anastomoses between the left colic arteries 
a continuous ‘ marginal artery ’ descends near the gut from the left colic flexure to the 
distal end of the pelvic colon, where it stops, because the superior rectal artery does not 
divide into arch-forming branches. The point where the lowest left colic artery anastomoses 
with the superior rectal artery is therefore sometimes named the ‘ critical point.’ Ligature 
of these two arteries wiU almost certainly result in gangrene of the part of the rectum 
which is supplied by them. If, however, the inferior mesenteric artery be tied proximal 
to the origin of its lowest colic branch, blood can pass through the latter branch into the 
superior rectal artery. 


The Middle Suprabenal Arteries 

The middle suprarenal arteries are two small vessels which arise, one from 
each side of the aorta, opposite the superior mesenteric artery. Each artery 
passes laterally and slightly upwards, over the crus of the Diaphragm, to the 
suprarenal gland, where it anastomoses with suprarenal branches of the phrenic 
and renal arteries. On the right side the artery passes behind the inferior vena 
cava and is closely related to the coeliac ganglion. On the left side it comes 
into relation with the coeliac ganglion, the splenic artery and the upper border 
of the pancreas. The distribution of the suprarenal arteries is described on 
p. 1418. 


The Renal Arteries (fig. 738) 

The renal arteries are two large trunks which arise from the sides of the 
aorta immediately below the superior mesenteric artery. Each is directed across 
the corresponding crus of the Diaphragm, nearly at right angles to the aorta. 
The right is longer than the left, on accoimt of the position of the aorta ; it 
passes behind the inferior vena cava, the right renal vein, the head of the 
pancreas, and the second part of the duodenum. The lep. is a little higher than 
the right ; it lies behind the left renal vein, the body of the pancreas and the 
splenic vein, and may be crossed by the inferior mesenteric vein. Just before 
reaching the hilum of the kidney, each artery divides into four or five branches ; 
most of these lie between the renal vein and the pelvis of the ureter, the vein 
being in front, and the pelvis behind, but one or more branches are usually 
situated behind the pelvis. Each vessel gives off some small inferior suprarenal 
branches (p. 150) to the suprarenal gland, and supplies twigs to the ureter and 
the surrounding cellular tissue and muscles. 

One or two accessory renal arteries are frequently found, more especially on the left 
side : they usually arise from the aorta, and may come off above or below the main artery, 
the former being slightly the more common position. Instead of entering the kidney at 
the hilum, they usually pierce the upper or lower part of the kidney ,* an accessory artery 
to the lower part of the kidney crosses in front of the ureter and, on the right side, usually 
in front of the inferior vena cava. 


The Testicular Arteries (fig. 738) 

The testicular arteries are two long, slender vessels, which arise from the 
front of the aorta a little below the renal arteries and are distributed to the 
testes. Each passes obliquely downwards and laterally behind the peritoneum, 
resting on the Psoas major ; the right artery lies in front of the inferior vena 
cava and behind the third portion of the duodenum, the right colic and ileocolic 
arteries, and the terminal part of the ileum ; the left artery passes behind the 
left colic artery, and the lower part of the descending colon. Each artery 
passes in front of the genitofemoral nerve, the ureter and the lower part of the 
external iliac artery on its way to reach the deep inguinal ring (abdominal 
inguinal ring), where it enters the spermatic cord. Accompanied by the other 
constituents of the spermatic cord, it traverses the inguinal canal and enters 
the scrotum. At the upper end of the testis it divides into several branches ; 
two or three of these accompany the vas deferens (ductus deferens) and supply 
the epididymis, anastomosing with the artery of the vas deferens ; others pierce 
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the posterior part of the tunica albuginea, and supply the substance of the testis. 
In the abdomen the testicular artery supplies small branches to the fat around 
the kidney, the ureter and the iliac lymph glands ; in the inguinal canal it 
gives one or two twigs to the Cremaster. 

Not infrequently the right testicular artery passes behind the inferior vena cava. It 
should be remembered that the testicular arteries represent persistent lateral splanchnic 
branches of the aorta (p. 150) and that as these vessels enter the mesonephros they cross 
ventral to the supracardinal vein but dorsal to the subcardinal vein. Under normal con- 
ditions of development the lateral splanchnic artery which persists as the right testicular 
artery passes below (caudal to) the particular supra-subcardinal anastomosis which persists 
to take part in the formation of the inferior vena cava. When it passes above (cranial to) 
this anastomoses the right testicular artery will lie behind the inferior vena cava in the 
adult. 


The Ovaeian Arteeies 

The ovarian arteries in the female correspond to the testicular arteries in 
the male, but they enter the pelvis and supply the ovaries (fig. 749). The 
origin and course of the first part of each artery are the same as those of the 
testicular artery, but on arriving at the brim of the true pelvis the artery 
crosses the upper parts of the external iliac artery and vein, and enters the pelvic 
cavity. It then runs medially between the two layers of the infundibulopelvic 
ligament (suspensory ligament of the ovary) and gains the broad ligament of 
the uterus, where it hes below the uterine tube. At the level of the ovary it 
passes backwards in the mesovarium and breaks up into branches which are 
distributed to the ovary. Small branches are given to the ureter and the uterine 
tube, and one passes to the side of the uterus, and unites with the uterine artery. 
Other offsets are continued on the round ligament of the uterus, through the 
inguinal canal, to the skin of the labium majus and the groin. 

At an early period of foetal life, when the testes or ovaries lie by the side 
of the vertebral column, below the kidneys, the testicular and ovarian arteries 
are short ; but with the descent of the testicles into the scrotum, and of the 
ovaries into the pelvis, the arteries are gradually lengthened. 


The Pheenio Aeteeies (fig. 738) 

The phrenic arteries (inferior phrenic arteries) are two small vessels which 
supply the Diaphragm. They present much variety in their origins ; they may 
arise separately from the front of the aorta, immediately above the coeliac 
artery, or by a common trunk, which may spring either from the aorta or from 
the coeliac artery ; sometimes one artery is derived from the aorta, and the 
other from one of the renal arteries. From its origin the artery runs upwards 
and laterally in front of the crus of the Diaphragm and close to the medial bor- 
der of the suprarenal gland. The left phrenic passes behind the oesophagus, and 
runs forwards on the left side of the oesophageal opening. The right phrenic 
passes behind the inferior vena cava, and along the right side of the opening 
which transmits that vein. Near the posterior border of the central tendon of 
the Diaphragm each vessel divides into an internal and an external branch. 
The internal branch curves forwards, and anastomoses with its fellow of the 
opposite side in front of the central tendon, and with the musculophrenic and 
pericardiacophrenic arteries. The external branch passes towards the side of 
the thorax, and anastomoses with the lower posterior intercostal arteries, and 
with the musculophrenic artery. The external branch of the right artery gives 
off a few twigs to the inferior vena cava ; and the left artery sends some branches 
to the oesophagus. Each vessel gives off two or three small superior suprarenal 
branches to the suprarenal gland of its own side. The liver and the spleen also 
receive a few twigs from the right and left vessels respectively. 


The Lumbae Aeteeies 

The lumbar arteries are^ in series with the posterior (aortic) intercostal 
arteries and represent persistent intersegmental somatic branches of the aorta 



THE LUMBAR ARTERIES 


773 


in the embryo (p. 150). Usually four in number on each side, they arise from 
the back of the aorta, opposite the bodies of the upper four lumbar vertebras. 
A fifth pair, small in size, occasionally arises from the median sacral artery ; 
but the lumbar branches of the iHoiumbar arteries usually take the place of the 
fifth pair. The lumbar arteries run laterally and backwards on the bodies of 
the lumbar vertebrae, deep to the sympathetic trunks, to reach the intervals 
between the adjacent transverse processes, and are then continued into the 
abdominal wall. The arteries of the right side pass deep to the inferior vena 
cava, and the upper two on the right side (the &st only on the left side) run 
deep to the corresponding crus of the Diaphragm. The arteries of both sides 


Fig. 746. — The pelvic colon and rectum, showing the distribution of the branches 
of the inferior mesenteric artery, and their anastomoses. (From a preparation 
by Hamilton Drummond.) 



pass under cover of the tendinous arches which give origin to the Psoas major, 
and are continued behind this muscle and the lumbar plexus. They then cross 
the Quadratus lumborum, the upper three arteries running behind, the last 
usually in front of that muscle. At the lateral border of the Quadratus lumb- 
orum they pierce the posterior aponeurosis of the Transversus abdominis, and 
are carried forwards between this muscle and the Internal oblique. They 
anastomose with one another and with the lower posterior intercostal, subcostal, 
iliolumbar, deep circumflex iliac and inferior epigastric arteries. 

Branches . — ^Each lumbar artery gives off a posterior ramus which, passing backwards 
between the transverse processes, is distributed to the muscles and skin of the back. The 
posterior ramus also furnishes a spinal branch, which enters the vertebral canal and suppfies 
its contents, anastomosing with the arteries above and below it, and with the artery of 
the opposite side. Branches are also given by the lumbar arteries and their posterior rami 
to the neighbouring muscles. 
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The Median Sacral Artery (fig. 738) . 

The median sacral artery (middle sacral artery) is a small vessel which arises 
from the back of the aorta a little above its bifurcation. It descends in the 
median plane in front of the fourth and fifth lumbar vertebrae, the sacrum and 
coccyx, and ends in the coccygeal body. At the level of the fifth lumbar 
vertebra it is crossed by the left common iliac vein, and it frequently gives off 
on each side a small lumbar artery {arteria lumhalis ima). Minute branches are 
said to pass from it to the posterior surface of the rectum. On the last lumbar 
vertebra it anastomoses with the lumbar branch of the iliolumbar artery ; in 
front of the sacrum it anastomoses with the lateral sacral arteries, and sends 
offsets into the anterior sacral foramina. 


The Common Iliac Arteries (figs. 738, 747) 

The abdominal aorta divides, on the left side of the body of the fourth 
lumbar vertebra, into the right and left common iliac arteries. Each artery 
passes downwards and laterally, and divides opposite the intervertebral disc 
between the last lumbar vertebra and the sacrum, into two branches, termed the 
external iliac and internal iliac (hypogastric) arteries : the former supplies the 
greater part of the lower limb ; the latter, the viscera and parietes of the pelvis, 
the perineum and the gluteal region. 

The right common iliac artery (figs. 738, 747), about 5 cm. long, passes 
obliquely across the body of the last lumbar vertebra. In fronts it is crossed 
by sympathetic nerves passing to the hypogastric plexus, and, at its point of 
division, by the ureter ; throughout its course it is covered with the parietal 
peritoneum, by which it is separated from the coils of the small intestine. 
Behind^ it is separated from the bodies of the fourth and fifth lumbar vertebrae 
and the intervening intervertebral disc by the sympathetic trunk, the terminal 
parts of the two common iliac veins and the commencement of the inferior 
vena cava. The obturator nerve, the lumbosacral trunk and the iholumbar 
artery are situated more deeply and traverse the fatty tissue which occupies 
the interval between the last lumbar vertebra and the Psoas major muscle. 
Laterally it is in relation above with the inferior vena cava and the right com- 
mon iliac vein ; below, with the Psoas major. Medially its upper part is 
related to the left common iliac vein. 

The left common iliac artery (fig. 738), about 4 cm. long, is in relation, in 
front, with the peritoneum, the small intestine, sympathetic nerves passing to 
the hypogastric plexus, and the superior rectal (superior hsemorrhoidal) artery, 
and is crossed at its point of bifurcation by the ureter. It rests on the sympath- 
etic trunk and the bodies of the fourth and fifth lumbar vertebrae, and the 
intervening intervertebral disc. The obturator nerve, the lumbosacral trunk 
and the iliolumbar artery are placed more deeply. The left common iliac vein 
lies partly medial to, and partly behind, the artery ; laterally the artery is in 
relation with the Psoas major. 

Branches. — The common iliac arteries give off small branches to the peri- 
toneum, Psoas major, ureters, and the surrounding areolar tissue ; occasionally 
they give origin to the iliolumbar or to accessory renal arteries. 

Peculiarities . — ^The points of origin of the common iliac arteries vary according to the 
bifurcation of the aorta, which in most oases occurs either upon the fourth lumbar vertebra, 
or upon the disc between it and the fifth. 

The common ihac arteries may divide above or below the usual level, and they often 
make an abrupt downward curve. 

The length of the arteries varies from 3 -5 to 7 *6 cm. In rare instances, the right common 
iliac has been found wanting, the external and internal iliac arteries arising directly from 
the aorta. 

Collateml Circulation . — The principal agents in carrying on the collateral circulation 
after the application of a ligature to the common iliac are : the anastomoses of the rectal 
branches of the internal iliac artery with the superior rectal branches from the inferior 
mesenteric artery ; of the uterine, ovarian and vesical arteries of the opposite sides ; of 
the lateral sacral arteries with the median sacral artery ; of the inferior epigastric artery 
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with the internal mammary, lower posterior intercostal and lumbar arteries ; of the deep 
circumflex iliac artery with the lumbar arteries ; of the iliolumbar artery with the last 
lumbar artery ; of the obturator artery, by means of its pubic branch, with the vessel of 
the opposite side and with the inferior epigastric artery. 


The Internal Iliac Artery (fig. 747) 

The internal iliac artery (hypogastric), about 4 cm. long, arises at the 
bifurcation of the common iliac artery, opposite the sacro-iliac joint ; 
it descends to the upper margin of the greater sciatic foramen, where it ^ vides 
into an anterior trunk, which continues in the line of the parent vessel towards 


Fig. 747. — The arteries of the pelvis. Right side. 
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the spine of the ischium, and a posterior trunk, which passes backwards towards 
the foramen. 

Relations. — It is in relation in front with the ureter and, in the female, with 
the ovary and the fimbriated end of the uterine tube ; behind, with the internal 
iliac vein, the lumbosacral nerve-trunk and the sacro-iliac joint; laterally, 
near its origin, with the external iliac vein, which lies between it and the Psoas 
major ; lower down, with the obturator nerve ; and medially with the perit- 
oneum, which separates it from the terminal part of the ileum, on the right 
side, and the pelvic ’ colon, on the left side, and with some of the tributaries 
of the internal ihac vein. 

In the foetus, the internal iliac artery is twice as large as the external iliac 
artery, and is the direct continuation of the common iliac artery. It ascends 
on the back of the anterior wall of the abdomen to the umbilicus, converging 
on its fellow of the opposite side. Having passed through the umbilical 
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opening, the two arteries, now termed umbilical, enter the umbilical cord, where 
they are coiled round the umbilical vein, and ultimately ramify in the placenta. 

At birth, when the placental circulation ceases, oiily the pelvic portion of 
the artery remains patent and constitutes the internal iliac artery and the first 

Fio. 748. — A dissection of the pelvic contents from the left side. 
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Note.' ^Most of the left hip-bone has been removed together with the Obturator internus 
muscle. The Sciatic nerve has been cut away close to its origin from the sacral plexus. 

part of the superior vesical artery of the adult ; the remainder of the vessel is 
converted into a fibrous cord, termed the lateral umbilical ligament, which 
extends from the pelvis to the umbilicus. 

Peculiarities , — ^The lengths of the internal and common iliac arteries bear an inverse 
proportion to each other. 

The place of division of the internal iliac artery varies between the upper margin of the 
sacrum and the upper border of the greater sciatic foramen. 
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The branches of the internal iliac artery are : 
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The superior vesical artery (fig. 747) supplies numerous branches to the upper 
part of the bladder. From one of these a slender vessel, named the artery to 
the vas deferens, frequently takes origin and accompanies the vas deferens (ductus 
deferens) in its course to the testis, where it anastomoses with the testicular 


Fig. 749. — The left uterine and ovarian arteries of an unmarried girl aged years. 
Posterior aspect. (From a preparation by Hamilton Drummond.) 

Fimbriated end of uterine tube 



artery. Other branches supply the ureter. The first part of the superior 
vesical artery is the proximal, patent portion of the foetal umbilical artery. 

The inferior vesical artery (fig. 747) frequently arises in common with the 
middle rectal artery, and is ^stributed to the fundus of the bladder, the pro- 
state, the seminal vesicles and the lower part of the ureter. The branches to the 
prostate communicate with the corresponding vessels of the opposite side. The 
inferior vesical artery gives origin to the artery to the vas deferens when that 
vessel does not arise from one of the superior vesical branches. 

The middle rectal artery (middle hsemorrhoidal artery) (figs. 746, 747) 
usually arises with the preceding vessel. It is distributed to the muscular 
coats of the rectum, anastomosing with the superior and inferior rectal arteries. 
It gives offsets to the seminal vesicles and prostate, which anastomose with 
branches of the inferior vesical artery. 

The uterine artery (fig. 749) runs medially on the Levator ani and towards 
the cervix uteri ; about 2 cm. from the cervix it crosses above and in front of the 
ureter — ^to which it supplies a small branch — and above the lateral fornix of the 
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vagina. Reaching the side of the uterus it ascends in a tortuous manner 
between the two layers of the broad ligament to the junction of the uterine 
tube and uterus. It then runs laterally towards the hilum of the ovary, 
and ends by joining with the ovarian artery. It supphes branches to the 
cervix uteri and others which descend on the vagina ; the latter anastomose 
with branches of the vaginal arteries and form with them two median longi- 
tudinal vessels — the azygos arteries of the vagina — one of which descends in 
front of, and the other behind, the vagina. It supplies numerous branches to 
the body of the uterus, and from its terminal portion twigs are distributed to 
the uterine tube and the round ligament of the uterus. 

The vaginal artery usually corresponds to the inferior vesical in the male ; 
it descends upon the vagina, suppl 3 dng its mucous membrane, and sends 
branches to the bulb of the vestibule, the fundus of the bladder and the con- 
tiguous part of the rectum. It assists in forming the azygos arteries of the 
vagina, and is frequently represented by two or three branches. 

The obturator artery (fig. 747) passes forwards and downwards on the lateral 
wall of the pelvis, to the upper part of the obturator foramen, and, escaping 
from the pelvic cavity through the obturator canal, divides into an anterior 
and a posterior branch. In the pelvic cavity this vessel is in relation, laterally, 
with the obturator fascia, which separates it from the Obturator internus 
muscle ; medially, it is crossed by the ureter and the vas deferens, which sep- 
arate it from the parietal pelvic peritoneum ; in the nullipara the ovary is a 
medial relation. The obturator nerve is above the vessel, and the obturator 
vein below it. 

Branches, — Inside the pelvis, the obturator artery gives off (a) iliac branches to the iliac 
fossa I these supply the bone and the Iliacus, and anastomose with the iliolumbar artery ; 
(b) a vesical branch which runs medially to the bladder, and may replace the inferior vesical 
branch of the internal iliac artery ; and (c) a pubic branch which springs from the vessel 
just before it leaves the pelvic cavity ; this branch ascends upon the back of the pubis 
and anastomoses with the corresponding vessel of the opposite side, and with the pubic 
branch of the inferior epigastric artery. 

Outside the pelvis, the obturator artery divides, at the upper margin of the obturator 
foramen, into an anterior and a posterior branch, which encircle the foramen under cover 
of the Obturator externus. 

The anterior branch runs forwards on the outer surface of the obturator membrane and 
then curves downwards along the anterior margin of the foramen. It supplies branches 
to the Obturator externus, Pectineus, Adductores and Gracilis, and anastomoses with the 
posterior branch and with the medial circumflex femoral artery. 

The posterior branch follows the posterior margin of the foramen and turns forwards 
on the ramus of the ischium where it anastomoses with the anterior branch. It gives 
twigs to the muscles attached to the ischial tuberosity and anastomoses with the inferior 
gluteal artery. It also supplies an acetabular branch which enters the hip- joint through the 
acetabular notch, ramifies in the fat of the acetabular fossa, and sends a twig along the 
ligamentum capitis femoris to the head of the femur. 

Peculiarities, — ^In about 28 per cent, of subjects the place of the obturator artery is 
taken by an enlarged pubic branch of the inferior epigastric artery (p. 784) ; this branch 
descends almost vertically to the upper part of the obturator foramen. The artery usually 
lies in contact with the external iliac vein, and on the lateral side of the femoral ring 
(fig. 760 a) ; in such cases it would not be endangered in the operation for strangulated 
femoral hernia. Occasionally, however, it curves along the free margin of the pectineal 
part of the inguinal ligament (fig. 750 b), and if in such circumstances a femoral hernia 
occurred, the vessel would almost completely encircle, and might constrict, the neck of the 
hernial sac ; moreover, it would be in great danger of being wounded if an operation were 
performed for strangulation. It sometimes arises from the main stem or from the posterior 
trunk of the internal iliac artery, or it may spring from the superior gluteal artery : occas- 
ionally it arises from the external iliac artery. 

The internal pudendal artery (figs. 747, 748, 751), the smaller of the two 
terminal branches of the anterior trunk of the internal iHac artery, supplies the 
external organs of generation. Though the course of the artery is the same in 
the two sexes, the vessel is smaller in the female than in the male, and the 
distribution of its branches somewhat different. 

The internal pudendal artery in the male runs downwards and laterally to 
the lower border of the greater sciatic foramen, and, passing from the pelvis 
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between the Piriformis and Coccygeus^ enters the gluteal region through the 
lower part of the greater sciatic foramen ; it then crosses the back of the tip of 
the ischial spine, and enters the perineum through the lesser sciatic foramen. 
The artery then traverses the pudendal canal in the lateral wall of the ischio- 
rectal fossa, and so crosses the Obturator intemus, being situated about 4 cm. 
above the lower margin of the ischial tuberosity. It gradually approaches the 
margin of the ramus of the ischium and passes forwards deep to the perineal 
membrane (inferior fascia of the urogenital diaphragm) ; it then runs forwards 
along the medial margin of the inferior ramus of the pubis, and at a distance of 
about l’2o cm. behind the inferior pubic ligament it divides into the dorsal and 
deep arteries of the penis, but it may pierce the perineal membrane before 
doing so. 

Relations. — ^Within the pelvis, it lies in front of the Piriformis, the sacral 
plexus of nerves, and the inferior gluteal artery. As it crosses the ischial spine. 


Fig. 750. — ^^^ariations in the course of an abnormal obturator artery. 



it is covered by the Gluteus maximus ; here the pudendal nerve lies medial, 
and the nerve to the Obturator intemus lateral, to the vessel. In the perineum 
it lies on the lateral wall of the ischiorectal fossa in the pudendal canal (p. 573) ; 
it is accompanied by a pair of venae comitantes and by the pudendal nerve, at 
first, and then by its terminal branches, viz. the dorsal nerve of the penis, 
which lies above it, and the perineal nerve, which lies below it. 

Branches. — ^The branches of the internal pudendal artery (figs. 751, 752) are : 

Muscular. Artery of the bulb of the penis. 

Inferior rectal. Urethral. 

Scrotal. Deep artery of the penis. 

Transverse perineal. Dorsal artery of the penis. 

The muscular branches consist of two sets ; one to the muscles in the pelvis ; the other, 
as the vessel crosses the ischial spine, to the muscles of the gluteal region. 

The inferior rectal artery (inferior haemorrhoidal artery) arises from the internal pudendal 
as it passes above the ischial tuberosity. Piercing the wall of the pudendal canal (p. 573) 
it divides into two or three branches which cross the ischiorectal fossa, and are distributed 
to the muscles and sldn of the anal region. In addition they supply the anal canal and send 
offshoots round the lower edge of the Gluteus maximus to the skin of the buttock. They 
anastomose with the corresponding vessels of the opposite side, with the superior and middle 
rectal arteries, and with the transverse perineal artery. 

The scrotal branches arise from the internal pudendal artery, in front of the preceding 
branches, cross either superficial, or deep to the Transversus perinei superficialis, and run 
forwards in the interspace between the Bulbospongiosus and Ischiocavemosus, to both 
of which they supply branches, and finally are distributed to the skin and Dairtos muscle 
of the scrotum. They often spring from the succeeding artery. 

The transverse perineal artery arises from the ihtemal pudendal artery, just before it 
passes deep to the perineal membrane. It runs transversely on the cutaneous surface of 
the Transversus perinei superficialis, and anastomoses with the corresponding vessel of the 
opposite side and with the scrotal and inferior rectal arteries. It supplies the Transversus 
perinei superficialis and the structures between the anus and the bulb of the penis. 

The artery of the bulb of the penis is a short vessel of relatively large calibre which arises 
from the internal pudendal artery as it lies deep to the perineal membrane ; it passes 
medially, pierces the membrane, and gives off branches which ramify in the bulb of the 
penis and in the posterior part of the corpus spongiosum penis (corpus cavernosum urethra). 
It supplies a small branch to the bulbo-urethral gland. 
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The urethral a,rtery arises a short distance in front of the artery of the bulb. It runs 
forwards and medially, pierces the perineal membrane and enters the corpus spongiosum 
penis (corpus cavemosum urethrae), in which it is continued forwards to the glans penis. 

The deep artery of the penis, one of the terminal branches of the internal pudendal artery, 
arises from that vessel while it is situated deep to the perineal membrane ; it pierces the 
membrane, and, entering the crus penis obliquely, runs forwards in the centre of the corpus 
cavemosum penis, and supplies its erectile tissue. 

The dorsal artery of the penis pierces the perineal membrane, and ascends between the 
crus penis and the pubic symphysis. It then passes between the two layers of the suspensory 
ligament of the penis, and runs forwards on the dorsum of the penis to the glans, where it 
divides into two branches, which supply the glans and prepuce. On the penis, it lies be- 
tween the dorsal nerve and deep dorsal vein, the former being on its lateral side. It supplies 
the skin and the fibrous sheath of the corpus cavemosum penis, sending branches through 
the sheath to anastomose with the deep artery of the penis. 

The internal pudendal axtery in the female is smaller than in the male. Its 
origin and course are similar, and there is considerable analogy in the dis- 
tribution of its branches. The labial branches supply the labia pudendi ; the 
artery of the bulb is distributed to the bulb of the vestibule and the erectile tissue 
of the vagina ; the deep artery of the clitoris supplies the corpus cavemosum 
clitoridis ; the dorsal artery of the clitoris gives branches to the dorsum of that 
organ, and ends in the glans and prepuce of the clitoris. 

Peculiarities. — ^The internal pudendal artery is sometimes relatively small, or fails to 
give off one or two of its usual branches ; in such cases the deficiency is supplied by branches 
derived from an additional vessel, named the OiCcessory pudendal, which generally arises from 
the internal pudendal artery before its exit from the greater sciatic foramen. It passes 
forwards along the lower part of the bladder and across the side of the prostate to the root 
of the penis, where it perforates the perineal membrane, and gives off the branches usually 
derived from the internal pudendal artery. The commonest deficiency is that in which the 
internal pudendal artery ends as the artery of the bulb, the dorsal and deep arteries of 
the penis being derived from the accessory pudendal artery. The internal pudendal artery 
may also end as the transverse perineal, the artery of the bulb being derived, with the other 
two branches, from the accessory vessel. Occasionally the accessory pudendal artery is 
derived from one of the other branches of the internal iliac artery, most frequently the 
inferior vesical or the obturator. 

The inferior gluteal artery (figs. 748, 753), the larger of the two terminal 
branches of the anterior trunk of the internal iliac artery (hypogastric artery), is 
distributed chiefiy to the buttock and the back of the thigh. It runs down 
on the sacral plexus of nerves and the Piriformis, behind the internal pudendal 
artery, and, passing between the first and second, or second and third, sacral 
nerves, and then between the Piriformis and Coccygeus it reaches the lower 
part of the greater sciatic foramen, through which it leaves the pelvis to gain 
the gluteal region. It then descends in the interval between the greater 
trochanter of the femur and the tuberosity of the ischium, accompanied by 
the sciatic and posterior femoral cutaneous nerves, and covered by the Gluteus 
maximus ; it is continued down the back of the tliigh, supplying the skin, and 
anastomosing with branches of the perforating arteries. 

Branches. — Inside the pelvis. It distributes (a) branches to the Piriformis, Coccygeus 
and Levator ani ; (&) branches which supply the fat around the rectum, and occasionaJly 
take the place of the middle rectal artery; and (c) vesical branches to the fundus of the 
bladder, seminal vesicles and prostate. 

Outside the pelvis. — ^Muscular branches supply the Gluteus maximus, the lateral 
rotators of the thigh, and the muscles attached to the tuberosity of the ischium ; they 
anastomose with the superior gluteal, internal pudendal, obturator and medial circumflex 
femoral arteries. 

Coccygeal branches (fig. 748) run medially, pierce the aacrotuberous ligament, and 
supply the Gluteus maximus and the structures on the back of the coccyx. 

The arteria comitans nervi ischiadici, a long slender vessel, accompanies the sciatic 
nerve for a short distance ; it then penetrates it, and runs in its substance to the lower 
part of the thigh. 

An anastomotic branch, directed obliquely downwards across the lateral rotator muscles 
of the thigh, assists in forming the so-called cnwiate anastormsis (p. 791) by joining with 
the first perforating and the medial and lateral circumflex femoral arteries. 

An articular branch, generally derived from the anastomotic, is distributed to the 
capsule of the hip-joint. 

Cutaneous branches are distributed to the skin of the buttock and back of the thigh. 
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Tte iliolumbar artery (fig. 747). a branch of the posterior trunk of the 
internal iliac artery, runs upwards and laterally, in front of the sacro- 
iliac joint and the lumbosacral trunk, and behind the obturator nerve and the 
external iliac vessels, to the medial border of the Psoas major, behind which 

it divides into a lumbar and 

Fig. 753. — The arteries of the left gluteal and posterior an iliac branch, 
femoral region. 
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The lumbar branch supplies the 
Psoas major and Quadratus lum- 
borum, anastomoses with the fourth 
lumbar artery, and sends a small 
spinal branch through the inter- 
vertebral foramen between the fifth 
lumbar vertebra and the base of the 
sacrum, into the vertebral canal to 
supply the cauda equina. 

The iliac branch supplies the 
Iliacus ; some offsets run between 
the muscle and the bone, and 
anastomose with the iliac branches 
of the obturator artery; one of 
these enters an oblique canal to 
supply the bone, while others run 
along the crest of the ilium, dis- 
tributing branches to the gluteal 
and abdominal muscles, and anas- 
tomosing in their course with the 
superior gluteal, circumflex iliac 
and lateral circumfiiex femoral 
arteries. 

The lateral sacral arteries 
(fig. 747) arise from the post- 
erior division of the internal 
iliac (hypogastric) artery; there 
are usually two, a superior 
and an inferior. The superior, 
and larger, passes medially, 
and enters the first or second 
anterior sacral foramen, sup- 
phes branches to the contents 
of the sacral canal, and, es- 
caping by the corresponding 
posterior sacral foramen, is 
distributed to the skin and 
muscles on the dorsum of the 
sacrum, anastomosing with the 
-superior gluteal artery. The 
inferior runs obliquely across 
the front of the Piriformis and 
the sacral nerves, descends on 
the front of the sacrum lateral 
to the sympathetic trunk, and 
anastomoses over the coccyx with the median sacral artery and the opposite lateral 
sacral artery. Branches from this vessel enter the anterior sacral foramina, and, 
after supplying the contents of the sacral canal, escape by the posterior sacral 
foramina, and are distributed to the muscles and skin on the dorsal surface of 
the sacrum, anastomosing with the gluteal arteries. 

The superior gluteal artery (figs. 747, 753) is the largest branch of the internal 
iliac (hypogastric) artery, and appears to be the continuation of the posterior 
division of that vessel. It is a short artery which runs backwards between the 
lumbosacral trunk and the first sacral nerve, or between the first and second 
sacral nerves, and, passing out of the pelvis through the upper part of the 
greater sciatic foramen above the upper border of the piriformis, divides iuto 
a superficial and a deep hrarxh. Within the pelvis it gives off a few twigs 


Biceps femoris, 
short head 
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to the Piriformis and Obturator internus, and a nutrient artery to the 
hip-bone. 

The superficial branch enters the deep surface of the Gluteus maximus, and 
divides into numerous branches ; some of these supply the muscle and anastom- 
ose with the inferior gluteal artery ; others perforate the tendinous origin 
of the muscle^ supply the skin covering the posterior surface of the sacrum, and 
anastomose with the posterior branches of the lateral sacral arteries. 

The deep branch lies under the Gluteus medius and soon splits into a superior 
and an inferior division. The superior division runs along the upper border of 
the Gluteus minimus to the anterior superior iliac spine, anastomosing with 
the deep circumflex iliac artery and the ascending branch of the lateral circum- 
flex femoral artery. The inferior division crosses the Gluteus minimus obliquely, 
distributes branches to this muscle and to the Gluteus medius, and anastomoses 
with the lateral circumflex femoral artery ; one branch enters the trochanteric 
fossa, where it anastomoses with the inferior gluteal and the ascending branch 
of the medial circumflex femoral artery ; other branches pierce the Gluteus 
minimus and supply the hip- joint. 

Collateral Circulation , — ^The circulation after ligature of the internal iliac artery is 
carried on by the anastomoses of the uterine and ovarian arteries ; of the vesical arteries 
of the two sides ; of the rectal branches of the intemal iliac artery with those from the 
inferior mesenteric artery ; of the pubic branch of the obturator artery with the vessel of 
the opposite side, and with the inferior epigastric and medial circumflex femoral arteries ; 
of the circumflex and perforating branches of the arteria profunda femoris with the inferior 
gluteal artery ; of the superior gluteal artery with the posterior branches of the lateral 
sacral arteries ; of the iliolumbar with the last lumbar artery ; of the median sacral artery 
with the lateral sacral arteries ; and of the chcumflex iliac with the iliolumbar and superior 
gluteal arteries.* 


The Extebhajd Iliac Abtery (figs. 747, 754) 

The external iliac artery is larger than the intemal iliac (hypogastric) artery, 
and runs obhquely downwards and laterally, along the medial border of the 
Psoas major. It extends jhom the bifurcation of the common fliac artery to a 
point behind the inguinal hgament, midway between the anterior superior iliac 
spine and the symphysis pubis, where it enters the thigh as the femoral 
artery. 

Relations. — In front and medially the external ihac artery is in relation with 
the peritoneum and extraperitoneal tissue, which separate the right artery 
from the termination of the ileum and frequently the vermiform appendix, and 
the left artery from the pelvic colon and some coils of the small intestine. The 
beginning of the artery may be crossed by the ureter ; in the female it is crossed 
by the ovarian vessels. The testicular vessels he for some distance upon it near 
its termination, and it is crossed in this situation by the genital (external 
spermatic) branch of the genitofemoral nerve, the deep circumflex ihac vein, the 
vas deferens in the male, and the round hgament of the uterus in the female. 
Posteriorly it is separated from the medial border of the Psoas major by the 
fliac fascia. The external ihac vein hes partly behind the upper part of the 
artery, but is on the medial side of its lower part. Laterally it is related to 
the Psoas major, from which it is separated by the fliac fascia. Numerous 
lymphatic vessels and lymph glands he on the front and sides of the vessel. 

Branches. — Besides supplying several smaU branches to the Psoas major 
and the neighbouring lymph glands, the external iliac artery gives off the 
inferior epigastric and deep circumflex ihac branches. 

The inferior epigastric artery (figs. 604, 754) arises from the external fliac 
artery, immediately above the inguinal hgament. It curves forwards in the 
extraperitoneal tissue, and then ascends obhquely along the mechal margin 
of the deep inguinal ring (abdominal mguinal ring) ; continuing its upward 
course, it pierces the transversahs fascia, passes in front of the arcuate line 
(hnea semicircularis), and ascends between the Rectus abdomi n is and the 

* For a description of a case in which Owen made a dissection ten years after ligature 
of the internal iliac artery, see Med, Chir, Trans, vol. xvi. 
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posterior lamella of its sheath. It finally divides into numerous branches, 
which anastomose, above the umbilicus, with the superior epigastric branch 
of the internal mammary artery and with the lower posterior intercostal 
arteries. As the inferior epigastric artery passes obliquely upwards from its 
origin it lies along the lower and medial margins of the deep inguinal ring, and 
behind the commencement of the spermatic cord, separated from it by the 
transversalis fascia. In the male the vas deferens (ductus deferens), and in the 
female the round ligament of the uterus, winds round the lateral and posterior 
surfaces of the artery. The inferior epigastric artery supplies the following 
branches : 

The cremasteric artery (external spermatic artery) accompanies the spermatic cord, 
supplies the Cremaster and other coverings of the cord, and anastomoses with the testicular 


Fig. 754. — The right inferior epigastric artery, and the relations of the right 
femoral and deep inguinal rings. Seen from within the abdomen. 



artery. In the female the artery is very small and accompanies the round ligament of the 
uterus. 

A pubic branch descends along the medial margin of the femoral ring to the back of 
the pubis, and there anastomoses with the pubic branch of the obturator artery. In 
about 28 per cent, of subjects the pubic branch is large, and takes the place of the obturator 
artery (p. 778). 

Branches are distributed to the abdominal muscles and the peritoneum, and anastomose 
with the circumflex iliac and lumbar arteries. 

Cutaneous branches perforate the aponeurosis of the External oblique muscle, supply 
the skin and anastomose with branches of the superficial epigastric artery. 

Peculiarities , — ^The inferior epigastric artery may spring from any part of the external 
iliac artery between the inguinal ligament and a point 6 cm. above it ; or it may arise 
below this ligament, from the femoral artery. In the latter case, it ascends in front of the 
femoral vein. It frequently springs from the external iliac artery, by a common trunk 
with the abnormal obturator artery. Sometimes it arises from the obturator artery. 

Applied Anatomy , — ^The inferior epigastric artery has important surgical relations, and 
is one of the principal means, through its anastomosis with the internal mammary, of 
establishing the collateral circulation after ligature of either the common or external iliac 
arteries. It lies close to the deep inguinal ring (abdominal inguinal ring), and is therefore 
medial to an oblique inguinal hernia, but lateral to a direct inguinal hernia, as these emerge 
from the abdomen. 

The deep circumflex iliac artery arises from the lateral side of the external 
iliac artery nearly opposite the inferior epigastric artery. It ascends obliquely 
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to the anterior superior iliac spine and behind the inguinal ligament, in a sheath 
formed by the junction of the transversalis and ihac fascise. There it anastom- 
oses with the ascending branch of the lateral circumflex femoral artery. It 
then pierces the transversalis fascia and passes along the inner lip of the crest 
of the ilium to about its middle, where it perforates the Transversus abdominis 
and runs backwards between that muscle and the Internal oblique, to anastom- 
ose with the iliolumbar and superior gluteal arteries. Opposite the anterior 
superior iliac spine it gives off a large ascending branch (fig. 602), which runs 
between the Internal oblique and Transversus, supplying them, and anastom- 
osing with the lumbar and inferior epigastric arteries. 

Collateral Circulation . — ^The principal anastomoses by which the collateral circulation 
is estabhshed, after ligature of the external iliac artery, are : the iliolumbar with the 
circumflex iliac arteries ; the superior gluteal with the lateral circumflex femoral artery ; 
the obturator with the medial circumflex femoral artery ; the inferior gluteal with the cir- 
cumflex and first perforatiog branches of the arteria profunda femoris ; and the internal 
pudendal with the external pudendal arteries. When the obturator artery arises from the 
inferior ejiigastrie artery, it is supplied with blood by branches from either the internal 
iliac, the lateral sacral or the internal pudendal arteries. The inferior epigastric artery 
receives its supply from the internal mammary and lower posterior intercostal arteries, 
and from the internal iliac artery by the anastomoses of its branches with the obturator 
artery.* 


THE ARTERIES OF THE LOWER LIMB 

The chief artery of the lower limb is a direct contiauation of the external 
iliac. It extends from the level of the inguinal ligament to the lower border 
of the Popliteus, where it divides into the anterior and posterior tibial arteries. 
Its upper part is named the femoral artery ; its lower, the popliteal artery. 


The Femoeal Aeteby (figs. 758, 759) 

The femoral artery is the continuation of the external iliac artery. It begins 
behind the inguinal hgament, midway between the anterior superior ihac spine 
and the symphysis pubis, and passes down the front and medial side of the 
thigh. It ends at the junction of the middle with the lower one-third of the 
thigh, where it passes through an opening in the Adductor magnus to become 
the pophteal artery. The upper part of the femoral artery is contained in the 
femoral triangle, the lower part in the suhsartorial canal (adductor canal). The 
first 3 cm. or 4 cm. of the vessel are enclosed, together with the femoral vein, 
in the femoral sheath. 

The femoral sheath (fig. 755) is formed by a prolongation downwards, behind 
the inguinal ligament, of the fasciae lining the abdomen, the transversalis fascia 
being continued down in front of the femoral vessels and the ihopectineal fascia 
behind them. The sheath has the form of a short funnel, the wide end of which 
is directed upwards, while the lower, narrow end fuses with the fascial invest- 
ment of the vessels, about 3 or 4 cm. below the inguinal ligament. The lateral 
waU of the sheath is vertical and is perforated by the femoral branch of the 
genitofemoral nerve; the medial wall is directed obliquely dovmwards and 
laterally, and is pierced by the long saphenous vein and by some lymphatic 
vessels. Like the carotid sheath (p. 537) in structure, the femoral sheath 
consists of a mass of connective tissue in which the femoral vessels are imbedded. 
It is customary to describe three compartments ; of these, the lateral contains 
the femoral artery, the intermediate the femoral vein, while the medial and 
smallest compartment is named the femoral canal, and contains some lymph 
vessels and a lymph gland, imbedded in a small amount of areolar tissue. The 
femoral canal is conical and measures 1 *25 cm. in length ; its base, directed 
upwards and named the femoral ring, is oval in form, its long or transverse 

* Sir Astley Cooper described in vol. i. of the Guy^s Hospital Reports the dissection of a 
limb eighteen years after successful ligature of the external iliac artery. 
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diameter measuring 1 *25 cm. The femoral ring (fig. 755) is bounded in front 
by the inguinal ligament, behind by the Pectineus covered by its fascia, 
medially by the crescentic base of the pectineal part of the inguinal ligament 
(lacunar ligament), and laterally by the femoral vein. The spermatic cord in 
the male, and the round ligament of the uterus in the female, lie immediately 
above the anterior margin of the ring, while the inferior epigastric vessels are 
close to its upper and lateral angle. The ring is larger in women than in men. 
This difference is accounted for partly by the greater breadth of the female 
pelvis and partly by the smaller size of the femoral vessels. The femoral ring 
is closed by a somewhat condensed portion of the extraperitoneal tissue, 
named the femoral septum, which contains a small lymph gland and is covered 


Pig. 765. — ^The structures passing behind the inguinal ligament. 
Seen from below. 



by the parietal layer of the peritoneum. The femoral septum is pierced by 
numerous lymph vessels passing from the deep inguinal to the external 
iliac lymph glands, and the parietal peritoneum immediately above it presents 
a slight depression named the femoral fossa. 

The femoral triangle (fig. 758) corresponds to the depression seen immediately 
below the fold of the groin. Its apex is directed downwards, and the sides are 
formed, laterally by the medial margin of the Sartorius, medially by the medial 
margin of the Adductor longus, above by the inguinal ligament. The fioor of 
the triangle is gutter-like and is formed laterally by the Iliacus and Psoas 
major, and medially by the Pectineus and Adductor longus. The femoral 
vessels, which extend from near the middle of its base to its apex, lie in the 
deepest part of the gutter.' On the lateral side of the femoral artery the femoral 
nerve divides into its branches. Besides the vessels and nerves, this triangle 
contains some fat and lymph glands. 

The subsartorial canal (adductor canal) (fig. 757) is an aponeurotic tunnel in 
the middle one-third of the thigh, extending from the apex of the femoral 
triangle to the opening in the Adductor magnus through which the femoral 
vessels pass from the front of the thigh to the popliteal fossa. It is triangular 
on transverse section, and is bounded, in front and laterally, by the Vastus 
medialis ; behind, by the Adductor longus above, and Adductor magnus below ; 
and is roofed by a strong aponeurosis which extends from these muscles, across 
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the femoral vessels, to the Vastus medialis. The Sartorius lies on the apo- 
neurotic roof. The canal contains the femoral artery and vein, and the 
saphenous nerve ; the nerve to the Vastus medialis traverses the proximal 
part of the adductor canal, and then enters its muscle. 

The relations of the femoral artery. — In the femoral triangle (fig. 758) the 
artery is covered with the skin and superficial fascia, the superficial inguinal 
lymph glands, the superficial layer of the fascia lata and the anterior part of 
the femoral sheath, and is crossed by the superficial circumflex iliac vein, which 
runs in the superficial fascia. The femoral branch of the genitofemoral nerve 


Fig. 756. — transverse section through the thigh at the level of the apex of the 
femoral triangle. About four-fifths of the natural size. 



SemimembranosiLS 


courses for a short distance within the lateral compartment of the femoral 
sheath, and lies at first in front of and then lateral to the artery. Near the apex 
of the femoral triangle the medial cutaneous nerve of the thigh crosses the 
artery from its lateral to its medial side. 

Behind, the artery lies in contact with the posterior part of the femoral 
sheath, by which it is separated from the tendon of the Psoas major, the Pect- 
ineus and the Adductor longus, in that order from above downwards. The 
artery is separated from the capsule of the hip- joint by the tendon of the 
Psoas major, from the Pectineus by the femoral vein and profunda vessels, 
and from the Adductor longus by the femoral vein — ^the profunda vessels 
having passed posterior to the Adductor longus. The nerve to the Pectineus 
passes medially behind the upper end of the artery. Laterally the artery is 
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related to the femoral nerve. The femoral vein is medial to the artery in 
the upper part of the femoral triangle, and posterior to the artery in the 
lower part. 

In the subsartorial canal (figs. 757, 759) the femoral artery is more deeply 
situated, being covered with the skin, the superficial and deep fascise, the 
Sartorius and the fibrous roof of the canal. The saphenous nerve is at first on 
the lateral side of the artery ; it then lies in front of it, and below is placed 
on its medial side. Behiud, the artery is related to the Adductor longus above, 
and Adductor magnus below ; in front and lateral to it is the Vastus medialis. 

Fig. 757. — A transverse section through the middle of the thigh. Four-fifths 
of natural size. 
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The femoral vein lies posterior to the upper, and lateral to the lower, part of 
the artery. 

Peculiarities . — Several instances are recorded where the femoral artery divided, below 
the origin of the arteria profunda femoris, into two trunks, which reunited near the opening 
in the Adductor magnus ; a few have been reported where the femoral artery was absent, 
its place being supplied by the inferior gluteal artery, which accompanied the sciatic nerve 
to the popliteal fossa ; in these the external iliac artery was small, and ended as the arteria 
profunda femoris. The femoral vein is occasionally placed along the medial side of the 
artery throughout the entire extent of the femoral triangle ; or it may be duplicated so 
that a large vein is placed on each side of the artery for a greater or lesser distance. 

Applied Ariatcmy . — Compression of the femoral artery is most effectually made immedi- 
ately below the inguinal ligament. In this situation the artery is superficial, and is sepa- 
rated from the superior ramus of the pubis by the Psoas major ; here digital compression 
will effectually control the circulation through it. The vessel may also be controlled in the 
middle third of the thigh by a tourniquet which presses the vessel against the medial side 
of the femur. 
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Brandies. — ^The branches of the femoral artery are : 

1. Superficial epigastric. 4. Deep external pudendal. 

2. Superficial circumflex iliac. 5. Muscular. 

3. Superficial external pudendal. 6. Profunda femoris. 

7. Descending genicular. 

1. The superficial epigastric artery (fig. 758) arises from the front of the 
femoral artery about 1 cm. below the inguinal ligament, and, piercing the 


Fig. 768. — The left femoral triangle. 



Long saphenous vein 


femoral sheath and the cribriform fascia, ascends in front of the inguinal 
ligament, and between the two layers of the superficial fascia of the abdominal 
wall nearly as far as the umbilicus. It distributes branches to the superficial 
inguinal lymph glands, the superficial fascia and the skm ; it anastomoses with 
branches of the inferior epigastric artery, and with its fellow of the opposite 
side. 

2. The superficial circumflex iliac artery (fig. 758), the smallest of the 
superficial branches of the femoral artery, arises close to the preceding vessel, 
and running laterally, parallel with the inguinal ligament, pierces the fascia 
lata near the anterior superior iliac spine ; it gives branches to the skin, 
superficial fascia and superficial inguinal lymph glands, and anastomoses with 
the deep circumflex iliac, the superior gluteal and the lateral circumflex 
femoral arteries. 

3. The superficial external pudendal artery (fig. 758) arises from the 
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Fig. 759. — The right femoral vessels. 
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medial side of the femoral artery, close to the preceding vessels. After 
piercing the femoral sheath and the cribriform fascia, it courses medially, 
across the spermatic cord (or round ligament of the uterus in the female), 
to be distributed to the skin on the lower part of the abdomen, the penis 

and scrotum in the male, and 
the labium majus in the female, 
anastomosing with branches of 
the internal pudendal artery. 

4. The deep external pudendal 
artery (fig. 758) passes medially 
across the Pectineus and either in 
jfront of or behind the Adductor 
longus ; it is covered by the 
fascia lata, which it pierces at 
the medial side of the thigh, and 
thereafter it is distributed, in the 
male, to the skin of the scrotum 
and perineum, in the female to 
the labium majus ; its branches 
anastomose with the scrotal (or 
labial) branches of the internal 
pudendal artery. 

5. Muscular branches are 
supplied by the femoral artery 
to the Sartorius, Vastus medialis 
and the Adductor muscles. 

6. The arteria profunda femoris 
(figs 757, 759) is a large vessel 
arising from the lateral side of the 
femoral artery, about 3*5 cm. be- 
low the inguinal ligament. At 
first lateral to the femoral artery 
the profunda then runs behind it 
and the femoral vein to the 
medial side of the femur, and 
is continued downwards behind 
the Adductor longus. It ends 
at the lower one-third of the 
thigh in a small branch which 
pierces the Adductor magnus and 
anastomoses with the superior 
muscular branches of the pop- 
liteal artery. The terminal part 
of the profunda is sometimes 
named the fourth perforating 
artery , . 

Relations. — Behind ^ from 

above downwards, it is related 
to the Iliacus, Pectineus, Ad- 
ductor brevis, and Adductor 
magnus. In front, it is separated 
from the feinoral artery by the 
femoral and profunda veins 
above, and by the Adductor longus below. Laterally, the origin of the Vastus 
medialis mtervenes between it and the femur. 



Sartorius 


Pecidiarities , — ^This vessel sometimes arises from the medial side, more rarely from the 
back of the femoral artery. When it arises from the medial side, it may cross in front of 
the femoral vein and then pass backwards round its medial side. In most oases it arises 
between 2*25 cm. and 5 cm. below the inguinal ligament ; in a few cases the distance is 
less than 2-25 cm. ; more rarely it arises opposite the ligament. Occasionally the distance 
between the origin of the vessel and the inguinal ligament exceeds 5 cm. 
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The arteria profunda femoris gives off the following branches : 

Lateral circumflex femoral. Perforating. 

Medial circumflex femoral. Muscidar. 

The lateral circumflex femoral artery (fig. 759) arises from the lateral side of 
the profunda artery, passes laterally between the divisions of the femoral nerve 
and behind the Sartorius and Rectus femoris, and divides into ascending, trans- 
verse and descending branches. Occasionally it arises from the femoral artery. 

The ascending hramh passes upwards along the trochanteric line, under 
cover of the Tensor fasciae latae, to the lateral part of the hip ; it anastomoses 
with the terminal branches of the superior gluteal and deep circumflex iliac 
arteries, and sends a twig to the hip-joint between the medial and lateral parts 
of the iliofemoral ligament. 

The descending branchy which may arise as an independent branch direct 
from the profunda femoris or, sometimes, from the femoral artery, runs down- 
wards, behind the Rectus femoris, along the anterior border of the Vastus 
lateralis, to which it gives offsets ; one long branch descends in the latter muscle 
as far as the knee, and anastomoses with the lateral superior genicular branch 
of the popliteal artery. It is accompanied by the nerve to the Vastus lateralis. 

The transverse branch, the smallest, passes laterally over the Vastus inter- 
medins, pierces the Vastus lateralis, and winds roimd the femur, just below 
the greater trochanter, anastomosing on the back of the thigh with the medial 
circumflex femoral, inferior gluteal, and first perforating arteries {cruciate 
anastomosis). 

The medial circumflex femoral artery usually arises from the posteromedial 
aspect of the profunda artery, but frequently springs from the femoral artery. 
It gives off muscular branxdies to the adductor muscles and then winds round 
the medial side of the femur, passing first between the Pectineus and Psoas 
major, and then between the Obturator externus and Adductor brevis, and 
finally appears between the Quadratus femoris and the upper border of the 
Adductor magnus, where it divides into transverse and ascending branches. 
The transverse branch takes part in the formation of the cruciate anastomoses. 
The ascending branch runs obliquely upwards upon the tendon of the Obturator 
externus and in front of the Quadratus femoris towards the trochanteric fossa, 
where it anastomoses with twigs from the gluteal arteries. An acetabular 
branch arises from the medial circumflex femoral artery at the upper border 
of Adductor brevis and enters the hip- joint below the transverse acetabular 
ligament, in company with the acetabular branch from the obturator artery ; 
it supplies the fat in the acetabular fossa, and is continued along the ligamentum 
capitis femoris to the head of the femur. 

The perforating arteries (fig. 753), usually three in number, are so named 
because they perforate the insertion of the Adductor magnus to reach the back 
of the thigh. They pass backwards close to the hnea aspera of the femur under 
cover of small tendinous arches in the insertion of the muscle, and give off 
muscular, cutaneous and anastomosing branches. Reduced in size, they pass 
deep to the short head of the Biceps femoris (the first usually pierces the 
insertion of the Gluteus maximus), pierce the lateral intermuscular septum and 
enter the Vastus lateralis. The first perforating artery is given off above the 
Adductor brevis, the second in front of that muscle, and the third immediately 
below it. 

The first perforating artery passes backwards between the Pectineus and Adductor 
brevis (sometimes it perforates the latter muscle) ; it then pierces the Adductor magnus 
close to the linea aspera. It gives branches to the Adductor brevis, Adductor magnus, 
Biceps femoris and Gluteus maximus, and anastomoses with the inferior gluteal, medial 
and lateral circumflex femoral, and second perforating arteries. 

The second perforating artery, larger than the first, but frequently arising in common 
with it, pierces the insertions of the Adductor brevis and Adductor magnus, and divides 
into ascending and descending branches, which supply the posterior femoral muscles, 
anastomosing with the first and third perforating arteries. The nutrient artery Of the femur 
is usually given off from this arteiy ; when two nutrient arteries exist, they usually spring 
from the &st and third perforatiug vessels. 

The third perforating artery is given off below the Adductor brevis ; it pierces the 
insertion of the Adductor magnus, and divides into branches which supply the posterior 
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femoral muscles, and anastomose above with the higher perforating arteries, and below 
with the termination of the profunda and the muscular branches of the popliteal. The 
nutrient artery of the femur may arise from this branch. 

The termination of the profunda artery, already described, is sometimes called the 
fourth perforating artery. 

The perforating arteries form a double chain of anastomosing vessels, (a) in the muscles 
and (d) close to the linea aspera. 

Numerous muscular branches arise from the arteria profunda femoris ; some 
of these end in the Adductors, others pierce the Adductor magnus, give branches 
to the hamstrings, and anastomose with the medial circumflex femoral artery 
and with the superior muscular branches of the popliteal artery. 

The anastomosis on the back of the thigh. An important chain of anastom- 
oses stretches from the gluteal region to the popliteal fossa, and is formed 
from above downwards, as follows : (a) the gluteal arteries anastomose with 
the terminal branches of the medial circumflex femoral artery, (b) the circumflex 
femoral arteries with the first perforating artery, (c) the perforating arteries 
with each other, and (d) the fourth perforating artery with the superior muscular 
branches of the popliteal artery. 

7. The descending genicular artery (highest genicular artery) (figs. 759, 762) 
arises from the femoral just before it passes through the opening in the Adductor 
magnus, and immediately gives ofl a saphenous branch, and then descends 
in the substance of the Vastus medialis, and in front of the tendon of the Ad- 
ductor magnus, to the medial side of the knee, where it anastomoses with the 
medial superior genicular artery. It supplies muscular branches to the Vastus 
medialis and Adductor magnus, and gives off articular branches, which take 
part in the anastomosis round the knee-joint. One of the articular branches 
crosses above the patellar surface of the femur, forming an anastomotic arch with 
the lateral superior genicular artery, and supplying branches to the knee- 
joint. 

The saphenous branch pierces the lower part of the roof of the subsartorial 
canal and accompanies the saphenous nerve to the medial side of the knee. 
It passes between the Sartorius and Gracilis, and is distributed to the skin of 
the upper and medial part of the leg, anastomosing with the medial inferior 
genicular artery. 

Collateral Circulation, — ^After ligature of the femoral artery above the origin of the 
profunda femoris artery, the main channels for carrying on the circulation are the following 
anastomoses : (1 ) the superior and inferior gluteal branches of the internal iliac (hypogastric) 
artery with the medial and lateral circumflex femoral and first perforating branches of the 
arteria profunda femoris ; (2) the obturator branch of the internal iliac artery with the 
medial circumflex femoral of the arteria profunda femoris ; (3) the internal pudendal 
branch of the internal iliac artery with the superficial and deep external pudendal branches 
of the femoral artery ; (4) the deep circumflex iliac branch of the external iliac artery with 
the lateral circumflex femoral branch of the arteria profunda femoris and the superficial 
circumflex iliac branch of the femoral artery ; and (5) the inferior gluteal branch of the 
internal iliac artery with the perforating branches of the arteria profunda femoris. 


The Popliteal Fossa (figs. 760, 761) 

Boundaries. — ^The popliteal fossa, or space, is a lozenge-shaped space at the 
back of the knee-joint. Laterally, it is bounded by the Biceps femoris above, 
and by the Plantaris and the lateral head of the Gastrocnemius below ; medially 
it is limited by the Semitendinosus and Semimembranosus above, and by the 
medial head of the Gastrocnemius below. The floor is formed by the popliteal 
surface of the femur, the oblique posterior ligament of the knee-joint, the back 
of the upper end of the tibia and the fascia covering the Pophteus ; the fossa 
is covered by the popliteal fascia. 

Contents (figs. 760, 761). — ^When its boundaries are undisturbed, the pop- 
liteal fossa is only about 2*5 cm. wide, and very little can be seen of its contents. 
This is especially the case in the lower part of the space where the two heads 
of the Gastrocnemius lie in contact with each other. If, however, the bound- 
aries be drawn apart the fossa is seen to contain the popliteal vessels, the 
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medial and lateral popliteal (tibial and the common peroneal) nerves, the term- 
ination of the short saphenous vein, the lower part of the posterior femoral 
cutaneous nerve, the articular branch from the obturator nerve, a few small 
lymph glands and a considerable quantity of fat. The medial popliteal (tibial) 
nerve descends through the middle of the fossa, lying under the popliteal fascia, 
and crossing the vessels posteriorly from the lateral to the medial side. The 
lateral popliteal (common peroneal) nerve descends on the lateral side of the 
upper part of the fossa, close to the tendon of the Biceps femoris. The popliteal 
vessels are on the floor of the fossa, the vein being superficial to the artery 
and united to it by dense areolar tissue ; the vein is a thick- walled vessel, and 
lies lateral to the artery above, and then crosses it posteriorly to gain its medial 
side below ; sometimes it is double, the artery lying between the two veins. 


Fig. 760. — A transverse section titrough the thigh, 4 cm. above the adductor tubercle 
of the femur. Four-fifths of natural size. 
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which are usually connected by short transverse branches. The articular branch 
from the obturator nerve descends upon the artery to the knee-jomt. The 
popliteal lymph glandjs, six or seven in number, are imbedded in the fat ; one 
lies beneath the popliteal fascia near the termination of the short saphenous 
veiu, another between the pophteal artery and the back of the knee-joint, while 
the others are placed at the sides of the popliteal vessels. 


The Popliteal Abtery (figs. 760, 761) 

The popliteal artery is the continuation of the femoral artery, and courses 
through the popliteal fossa. It commences at the opening in the Adductor 
magnus, at the junction of the middle with the lower one-third of the thigh, 
and extends downwards and slightly laterally to the intercondylar fossa of the 
femur. It then runs vertically downwards to the lower border of the Popliteus, 
where it divides into anterior and posterior tibial arteries. 

Relations . — In front, from above downwards, the artery lies on the pophteal 
surface of the femur (separated from the vessel by some fat), the back of the 
knee-joint, and the fascia eovering the Pophteus; Behind, it is overlapped by 
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Fig. 


761. — The left popliteal, posterior 
tibial and peroneal arteries. 
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the Semimembranosus above, and is covered by the Gastrocnemius and Plant- 
aris below. In the middle part of its course the artery is separated from the 

skin and fasciae by a quantity of fat, and 
is crossed from the lateral to the medial 
side by the medial pophteal nerve and the 
popliteal vein, the vein being between the 
nerve and the artery and closely adherent 
to the latter. On its lateral side, above, 
are the Biceps femoris, the medial pop- 
liteal nerve, the popliteal vein and the 
lateral condyle of the femur ; below, the 
Plantaris and the lateral head of the Gas- 
trocnemius. On its medial side, above, are 
the Semimembranosus and the medial 
condyle of the femur ; below, the medial 
popliteal nerve, the popliteal vein and 
the medial head of the Gastrocnemius. 
The relations of the popliteal lymph glands 
to the artery are described above. 

Peculiarities . — Occasionally the popliteal 
artery divides into its terminal branches 
opposite the knee-joint ; when this occurs the 
anterior tibial artery usually descends in front 
of the Popliteus (p. 152). The popliteal artery 
sometimes divides into the anterior tibial and 
peroneal arteries, the posterior tibial artery 
being wanting or rudimentary ; occasionally 
it divides into three branches, the anterior and 
posterior tibial, and peroneal arteries. 

Applied AnaUmy . — ^The popliteal artery 
is not infrequently the seat of injury. It may 
be torn by direct violence, as by the passage 
/of a cart-wheel over the knee, or by hyper- 
extension of the knee. It may also be lacerated 
by fracture of the lower part of the femur, 
or by anteroposterior dislocation of the knee- 
joint. It has been torn in breaking down 
adhesions in cases of fibrous ankylosis of the 
knee, and is in danger of being wounded in 
performing Macewen’s operation of osteotomy 
of the lower end of the femur for genu valgum. 
It is more frequently the seat of aneurysm 
than any other artery except the thoracic 
aorta. No doubt this is due in a great meas- 
ure to the amount of movement to which it 
is subjected, and to the fact that it is supported 
by loose and lax tissue only, and not by mus- 
cles, as is the case with most arteries. When 
the knee is acutely flexed, the popliteal artery 
becomes bent on itself to such an extent as 
entirely to arrest the circulation through it. 
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Branches. — The branches of the pop- 
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The cutaneous branches arise either from the popliteal artery or from some 
of its branches ; they descend between the two heads of the Gastrocnemius, 
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and. piercing the deep fascia, are distributed to the skin of the back of the leg ; 
one usually accompanies the short saphenous vein. 

The superior muscular branches , two or three in number, arise from the 
upper part of the artery, and pass to the Adductor magnus and the ham- 
string muscles, anastomosing with the terminal part of the arteria profunda 
femoris. 

The sural arteries are two large branches which arise opposite the knee-joint 
and are distributed to the Gastrocnemius, Soleus and Plantaris. 

The superior genicular arteries (figs. 761, 762), two in number, arise one from each side 
of the popliteal artery, and wind round the femur immediately above its condyles to gain the 
front of the knee-joint. The medial superior genicular artery runs under cover of the 
Semimembranosus and Semitendinosus, above the medial head of the Gastrocnemius, and 


Fro. 762. — The arterial anastomosis around the knee-joint. 
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passes deep to the tendon of the Adductor magnus. It divides into two branches, one of 
which supplies the Vastus medialis and anastomoses with the descending genicular (highest 
genicular) and medial inferior genicular arteries ; the other ramifies close to the surface 
of the femur, and anastomoses with the lateral superior genicular artery. The size of the 
medial superior genicular artery varies inversely with that of the descending genicular. 
The lateral superior genicular artery passes under cover of the tendon of the Biceps femoris, 
and divides into a superficial and a deep branch ; the superficial branch supplies the Vastus 
lateralis, and anastomoses with the descending branch of the lateral circumflex femoral 
artery and with the lateral inferior genicular artery ; the deep branch anastomoses with 
the medial superior genicular artery, and forms an arch across the front of the femur with 
the descending genicular artery. 

The middle genicular artery, a small branch, arises from the popliteal artery opposite 
the back of the knee-joint; it pierces the oblique posterior ligament, and supplies the 
cruciate ligaments and the synovial membrane of the knee-joint. 

The inferior genicular arteries (figs. 761, 762), two in number, arise from the popliteal 
artery under cover of the Gastrocnemius. The medial inferior genicular artery lies deep 
to the medial head of the Gastrocnemius and descends along the upper margin of the 
PopHteus, to which it gives branches ; it then passes below the medial condyle of the tibia 



BLOOD VASCULAR SYSTEM 


796 

and under cover of the medial (tibial collateral) ligament of the knee; at the anterior 
border of this ligament it ascends to the front and medial side of the joint, supplies the joint 
and the upper end of the tibia, and anastomoses with the lateral inferior and medial 
superior genicular arteries. The lateral inferior genicular artery runs laterally across the 
Popliteus, and then forwards above the head of the fibula to the front of the knee-joint, 
passing in its course under cover of the lateral head of the Gastrocnemius, the lateral 
(fibular collateral) ligament of the knee, and the tendon of the Biceps femoris. It divides 
into branches which anastomose with the medial inferior genicular, lateral superior 
genicular and anterior tibial recurrent arteries. 

The anastomosis around the knee-joint (fig. 762). — Around and above the 
patella, and on the contiguous ends of the femur and tibia, an intricate arterial 
anastomosis forms a superficial and a deep network. The superficial network 
is situated between the fascia and skin round about the patella, and forms three 
well-defined arches ; one above the patella in the loose connective tissue over 
the Quadriceps femoris, and two below the patella in the fat behind the hga- 
mentum patellae. The deep network lies on the lower end of the femur and upper 
end of the tibia around their articular surfaces, and sends numerous offsets 
into the interior of the j oint . The vessels forming the anastomosis are the medial 
and lateral genicular, the descending genicular, the descending branch of the 
lateral circumfiex femoral, the circumflex fibular, and the anterior tibial 
recurrent arteries. 

The Anterior Tibial Artery (figs. 763, 765) 

The anterior tibial artery is one of the two terminal branches of the popliteal 
artery and arises at the lower border of the Popliteus. Situated at first on the 
back of the leg, it passes forwards between the two heads of the Tibialis posterior 
and through the upper part of the interosseous membrane to the front of the 
leg, lying medial to the neck of the fibula. It next descends on the anterior 
surface of the interosseous membrane, gradually ’approaching the tibia : at the 
lower part of the leg it lies on this bone (fig. 766), and then on the front of the 
ankle-joint midway between the two malleoli, and is continued on the dorsum 
of the foot under the name of the dorsalis pedis artery. 

Relations. — In the upper two-thirds of its extent, the anterior tibial artery 
rests upon the interosseous membrane of the leg ; in the lower one-third, upon 
the front of the tibia and the ankle-joint. In the upper one-third of its course, 
it lies between the Tibialis anterior and Extensor digitorum longus ; in the 
middle one-third between the Tibialis anterior and Extensor hallucis longus. 
At the ankle it is crossed from the lateral to the medial side by the tendon of 
the Extensor haUucis longus, and then lies between it and the first tendon of 
the Extensor digitorum longus. Its upper two-thirds are covered by the muscles 
which lie on each side of it, and by the deep fascia ; its lower one-third, by 
the skin and fasciae, and the extensor retinacula (transverse and cruciate 
crural ligaments). 

A pair of venae comitantes lie one on each side of the artery. The anterior 
tibial (deep peroneal) nerve, coursing round the lateral side of the neck of the 
fibula, comes into relation with the lateral side of the artery shortly after the 
latter reaches the front of the leg ; about the middle of the leg the nerve is in 
front of the artery ; at the lower part it is generally on its lateral side. 

Peculiarities , — ^This vessel may be smaller than usual, or may be absent, its place being 
supplied by perforating branches from the posterior tibial, or by the perforating branch of 
the peroneal artery. The artery occasionally deviates towards the fibular side of the leg, 
regaining its usual position at the front of the ankle. Very occasionally it approaches the 
surface at the middle of the leg, and is covered merely by the skin and fasciae below that 
point. 

Applied Anatomy , — ^The anterior tibial artery is liable to be injured in fractures of the 
lower third of the tibia, on account of its close proximity to the bone. Ligature of the 
anterior tibial artery in the upper half of the leg, is d^cult on account of the depth 
of the vessel from the surfa,ce. ' 

Branches. — ^The branches of the anterior tibiad a^ry are: 

Posterior tibial recurrent. Muscular; Anterior medial malleolar. 

Ajiterior tibial recurrent. - Anterior lateral malleolar. ' 
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Fig. 763. — The right anterior tibial and 
dorsalis pedis arteries. 
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The posterior tibial recurrent artery — ^an inconstant branch- 
tibial artery before that vessel reaches the front of the leg. 

Popliteus in company with the nerve to that 
muscle, anastomoses with the inferior geni- 
cular branches of the popliteal artery, and 
gives an offset to the superior tibiofibular 
joint. 

The anterior tibial recurrent artery 
(fig. 763) arises from the anterior tibial 
artery, as soon as that vessel has reached 
the front of the limb ; it ascends in the 
Tibialis anterior, ramifies on the front and 
sides of the knee-joint, and assists in the for- 
mation of the patellar network by anastomos- 
ing with the genicular branches of the 
popliteal artery, and with the descending 
genicular artery. 

The muscular branches are numerous 
and are distributed to the muscles which 
lie on each side of the vessel ; some pierce 
the deep fascia to supply the skin, others 
pass through the interosseous membrane of 
the leg, and anastomose with branches of the 
posterior tibial and peroneal arteries. 

The anterior medial malleolar artery 
(fig. 763) arises about 5 cm. above the ankle- 
joint, and passes behind the tendons of the 
Extensor hallucis longus and Tibialis 
anterior, to the medial side of the ankle, 
where it anastomoses with branches of the 
posterior tibial and medial plantar arteries. 

The anterior lateral malleolar artery (fig. 

763) passes behind the tendons of the Ex- «• 
tensor digitorum longus and Peroneus tertius; 
it supplies the lateral side of the ankle, and 
anastomoses with the perforating branch of 
the peroneal artery and with ascending twigs 
from the lateral tarsal artery. 

The arteries around the ankle-joint 
anastomose freely with one another and 
form networks below the corresponding 
malleoli. The medial malleolar network is 
formed by the anterior medial malleolar 
branch of the anterior tibial artery, the 
medial tarsal branches of the dorsalis pedis 
artery, the malleolar and calcanean branches 
of the posterior tibial artery, and branches 
from the medial plantar artery. The lateral 
malleolar n^work is formed by the anterior 
lateral malleolar branch of the anterior 
tibial arteiy, the lateral tarsal branch of 
the dorsalis pedis artery, the perforating 
and the calcanean branches of the peroneal 
artery, and twigs frona the lateral plantar 
artery. 

The Aeteria Dorsaus Pedis 

(fig. 763) 

The axteria dorsalis pedis, the coti- 
tmuation of the anterior tibial artery, 
passes forwards from the ankle-joint 
along the tibial side of the dorsum of the 
foot to the proximal part of the first 

intermetatarsal space, where it descends into the sole of the foot between the 
two heads of the first Dorsal interosseous muscle, and completes the plantar 
artery (fig. 768). At its junction with this artery it gives off the first plantar 
metatarsal artery (p. 802). 



Eat, dig 


Eat. hall. 

long. 


Aint. lot. 
malleolar a. 

Perforat - . — 
ing br. oj 
'peroTieal a. 



798 


BLOOD VASCULAR SYSTEM 

Relations. — The arteria dorsalis pedis is accompanied by two veins, and lies 
successively upon the front of the articular capsule of the ankle-joint, the talus, 
navicular, and intermediate cuneiform bones, and the ligaments connecting 
them. It is covered by the skin, fasciae, and inferior extensor retinaculum 
(cruciate crural ligament), and crossed near its termination by the first tendon 
of the Extensor digitorum brevis. On its tibial side it is related to the tendon 
of the Extensor haUucis longus ; on its fibular side, to the first tendon of the 
Extensor digitorum longus, and the medial terminal branch of the anterior 
tibial nerve. 


Fig. 764. — transverse section through the leg, 9 cm. below the knee-joint. 
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Peculiar arteria dorsalis pedis may be larger than usual, to compensate for 
a small lateral plantar artery ; or its place may be taken by a large perforating branch of 
the peroneal artery. It frequently curves laterally, lying lateral to the line between the 
middle of the ankle and the proximal part of the first interosseous space. 

Branches. — ^The branches of the arteria dorsalis pedis are : 

Tarsal. Arcuate. First dorsal metatarsal. 

The tarsal arteries, lateraLand medial (fig. 763), arise from the arteria dorsalis pedis as 
the latter crosses the navicular bone. The lateral branch passes laterally under cover of 
the Extensor digitorum brevis ; it supplies this muscle and the articulations of the tarsus, 
and anastomoses ^Ji^ith branches of the arcuate, anterior lateral ]gaalleolar, and lateral 
plantar arteries, and with the perforating branch of the peroneal artery. 

The medial tarsal branches are two or three small vessels which ramify on the medial 
border of the foot and join the medial malleolar network. 

The arcuate artery (fig. 763) arises from the arteria dorsalis pedis opposite the medial 
cuneiform bone ; it passes laterally over the bases of the metatarsal bones deep to the 
tendons of the Extensores di^torum longus et brevis, and anastomoses with the lateral 
tarsal and lateral plantar arteries. It gives off the' second, third Sundi fourth dorsal metatarsal 
arteries, which run forwards upon the corresponding Dorsal interosseous muscles ; in the 
clefts between the toes each divides into two dorsal digital branches for the sides of the 
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adjoining toes. At the proximal parts of the interosseous spaces the dorsal metatarsal 
arteries receive the posterior perforating branches from the plantar arch, and at the distal 
parts of the spaces they are joined by the anterior perforating branches from the plantar 
metatarsal arteries. The fourth dorsal metatarsal artery gives off a branch which supplies 
the lateral side of the fifth toe. 

The first dorsal metatarsal artery arises from the dorsalis pedis artery just before it 
descends into the sole ; it runs forward on the first Dorsal interosseous muscle, and at the 
cleft between the first and second toes divides into two branches, one of which passes 
beneath the tendon of the Extensor hallucis longus, and is distributed to the medial border 
of the great toe ; the other bifurcates to supply the adjoining sides of the great and second 
toes. 


The Posterior Tibiae Artery (figs. 761, 765) 

The posterior tibial artery begins at the lower border of the Popliteus, 
opposite the interval between the tibia and fibula, and passes downwards and 

Fig. 765. — transverse section through the leg, 6 cm. above the tip of the 
medial malleolus. 
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medially on the back of the leg. In the lower part of its course it is situated 
midway between the medial malleolus and the medial tubercle of the calcaneum. 
It divides under cover of the origin of the Abductor hallucis into the medial 
and lateral plantar arteries. 

Relations. — The posterior tibial artery lies successively upon the Tibialis 
posterior, the Flexor digitorum longus, the tibia and the back of the ankle- 
joint. Its upper part is covered by the Gastrocnemius and Soleus, and the 
deep transverse fascia of the leg ; its lower part is covered only by the skin 
and fascia, and runs paraUeTwith, and about 2*5 cm. in jfront of, the medial 
border of the tendo calcaneus ; its terminal part is deep to the flexor retinaculum 
(laciniate ligament) and the Abductor hallucis. It is accompanied by two 
veins, and by the posterior tibial nerve, which lies at first on its medial side, 
but soon crosses it posteriorly, and is, in the greater part of its course, on its 
lateral side. 

The structures which pass from the back of the leg to the sole of the foot 
under cover of the flexor retiaaculum are arranged in the following order jfrom 
the medial to the lateral side ; first, the tendons of the Tibiahs posterior and 
Flexor digitorum longus lying in the same groove behind the malleolus, the 
former being the more medial ; then the posterior tibial artery, with a vein on each 
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side of it ; lateral to the posterior tibial vessels is the posterior tibial nerve, and 
about 1 *25 cm. nearer the heel, the tendon of the Flexor hallucis longus (fig. 761). 

Peculiarities , — ^The posterior tibial artery may be small or absent, its place being sup- 
plied by a large peroneal artery, which, either joins the small posterior tibial artery, or 
continues alone to the sole of the foot. 

Applied Anatomy , — ^Ligature of the posterior tibial artery may be required in cases of 
wound of the sole of the foot, attended with great hsemorrhage ; the vessel should then 
be tied at the ankle. In cases of wound of the posterior tibial, it will be necessary to enlarge 

Fig. 766. — The arteries of the sole of the right foot. 
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the opening so as to expose the vessel at the wounded point, excepting where the vessel 
is injured by a punctured wound from the front of the leg. 


Branches. — The branches of the posterior tibial artery are j 


1. Circumflex fibular. 

2. Peroneal. 

3. Nutrient. 

4. Muscular. 

5. Communicating. 


6. Malleolar. 

7. Calcanean. 

8. Medial plantar. 

9. Lateral plantar. 


1. The circumflex flbular artery, sometimes a branch of the anterior tibial artery, passes 
laterally, round the neck of the fibula, through the Soleus, and anastomoses with the lateral 
inferior genicular artery. 


2. The peroneal artery (fig. 761) arises from the posterior tibial, about 
2*5 cm. below the lower border of the.Popliteus. It passes obliquely towards 
the fibula, and descends along the medial crest of that bone, contained in a 
fibrous canal between the Tibialis posterior and the Flexor haUucis longus. 
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or in the substance of the latter muscle. It then runs behind the inferior tibio- 
fibular joint, and divides into calcanean branches, which ramify on the lateral 
and posterior surfaces of the calcaneum. Its upjper part is covered by the 
Soleus and the deep transverse fascia of the leg ; its lower part, by the Plexor 
hallucis longus. 

Peculiarities . — ^The peroneal artery may spring from the posterior tibial artery at a 
higher level than usual, or may even be a branch of the popliteal artery ; sometimes it 
arises 7 or 8 cm. below the inferior border of the Popliteus. It is more frequently increased 
than diminished in size ; and then it either joins and reinforces the posterior tibial artery, 
or takes the place of that artery in the lower part of the leg and foot. When the peroneal 
artery is smaller than usual, an additional branch from the posterior tibial artery takes 



its place ; and a branch from the anterior tibial artery compensates for the diminished 
perforating artery. 

SI 

The peroneal artery gives off the following branches : 

Muscular branches are supplied to the Soleus, Tibialis posterior. Flexor hallucis longus 
and Peronei. 

A nutrient artery supplies the fibula, and is directed downwards. 

A perforating branch pierces the interosseous men?,brane of the leg, about 5 cm. above 
the lateral malleolus, and reaches the front of thjs leg, where it anastomoses with the anterior 
lateral malleolar artery ; it then descends in front of the inferior tibiofibular joint, gives 
branches to the. tarsus, and anastomoses with the lateral tarsal artery. The perforating 
branch is sometimes enlarged, and may take the place of the dorsafis pedis artery. 

A communicating branch arises from the peroneal artery about 5 cm. above the 
lower end of the tibia, and joins the communicating branch of the posterior .tibial 
artery. 

The calcanean or terminal branches of the peroneal artery pass to the lateral side of 
the heel, and communicate with the anterior lateral malleolar artery and, on, the back 
of the heel, with the calcanean branches of the posterior tibial artery. 

3. The nutrient artery of the tibia arises from the posterior tibial artery near its origin, 
and, after supplying a few minute muscular branches, runs downwards to enter the nutrient 
canal in the bone, at a point immediately below the soleal line (popliteal line). 

G.A. 2 0 
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4. Muscular branches are distributed to the Soleus and to the deep muscles on the back 
of the leg. 

5. The communicating branch runs transversely across the back of the tibia about 
5 cm. above its lower end, deep to the Flexor hallucis longus, and joins the communicating 
branch of the peroneal artery. 

6. The malleolar branch is a small vessel which winds round the tibial malleolus and 
ends in the medial malleolar network. 

7. The calcanean branches arise from the posterior tibial just before its division ; they 
pierce the flexor retinaculum (laciniate ligament) and are distributed to the fat and skin 
behind the tendo calcaneus and about the heel, and to the muscles on the tibial side of the 
sole, anastomosing with the peroneal and medial malleolar arteries, and, on the back of the 
heel, with the calcanean branches of the peroneal artery. 

8. The medial plantar artery (figs. 767, 768), the smaller terminal branch of 
the posterior tibial artery, passes forwards along the medial side of the foot in 
company with the medial plantar nerve, which lies to its lateral side. It is at 
first deep to the Abductor hallucis, and then runs forwards between it and the 
Flexor digitorum brevis, both of which it supplies. At the base of the first 
metatarsal bone, where it is much diminished in size, it passes, along the medial 
border of the first toe and anastomoses with the first dorsal metatarsal artery. 
It supplies three small superficial digital branches which accompany the digital 
branches of the medial plantar nerve and join the first, second and third plantar 
metatarsal arteries. 

9. The lateral plantar artery (fig. 768), the larger of the terminal branches 
of the posterior tibial artery, passes at first obliquely laterally and forwards to 
the base of the fifth metatarsal bone in company with the lateral plantar nerve, 
which lies on its medial side. It then turns medially with the deep branch of 
the nerve, to the interval between the bases of the fost and second metatarsal 
bones, where it unites with the dorsalis pedis artery, thus completing the 
plantar arch. As this artery passes laterally, it is first placed between the cal- 
caneum and Abductor hallucis, and then between the Flexor digitorum brevis 
and Flexor digitorum accessorius ; as it runs forwards to the base of the fifth 
metatarsal bone it lies between the Flexor digitorum brevis and Abductor digiti 
minimi, and is covered by the plantar aponeurosis, superficial fascia and 
skin. 

Branches. — The lateral plantar artery gives off muscular, superficial and 
anastomotic branches. The muscular branches supply the adjoining muscles ; 
the superficial branches emerge along the line of the lateral intermuscular septum 
and supply the skin and subcutaneous tissue of the lateral part of the sole ; 
the anustomotic branches run to the lateral border of the foot, where they 
anastomose with branches of the lateral tarsal and arcuate arteries. In addition, 
the lateral plantar artery sometimes gives off a calcanean branch, which pierces 
the origin of the abductor hallucis to supply the skin of the heel. 

The plantar arch is deeply situated and extends from the base of the fifth 
metatarsal bone to the proximal part of the finst interosseous space. It is 
convex forwards, hes below the bases of the second, third and fourth meta- 
tarsal bones and the corresponding Interossei, and above the oblique part of 
the Adductor hallucis. 

Branches. — ^The plantar arch gives off three perforating and four plantar 
metatarsal branches, and distributes numerous twigs to the skin, fasciae and 
muscles in the sole. 

The three perforating branches ascend through the proximal parts of the 
second, third and fourth interosseous spaces, between the heads of the Dorsal 
interosseous muscles, and anastomose with the dorsal metatarsal arteries. 

The four plantar metatarsal arteries (fig. 768) run forwards between the 
metatarsal bones and in contact with the Interossei. Each divides into a pair 
of plantar digital arteries, which supply the adjacent sides of the toes. Near 
their points of division each plantar metatarsal artery sends upwards an 
anterior perforating branch to join the corresponding dorsal metatarsal artery. 
The first plantar metatarsal artery springs from the junction between the 
lateral plantar and the dorsalis pedis arteries (p. 798), and sends a digital 
branch to the medial side of the first toe. The digital branch for the lateral side 
of the fifth toe arises from the lateral plantar artery near the base of the fifth 
metatarsal bone. 
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Applied Anatomy . — ^Wounds of the plantar arch are always serious, on account of the 
depth of the vessel and the rn^ortant structures which must be interfered with in an 
attempt to ligature it. They must be treated on similar lines to those of w'ounds of the 
palmar arches (p. 756). Pressure locally, combined with elevation of the limb, may in some 
cases be sufl&cient to arrest the bleeding, but if this fails, an attempt should be made to 
find the bleeding point and ligature it. Should this prove unsuccessful, it may be necessary 
to ligature the femoral artery below the origin of the arteria profunda femoris, as ligature 
of the anterior and posterior tibial arteries may not be sufficient to control the haemorrhage, 
and in the circumstances it is safer and quicker to tie the femoral artery. 


THE VEINS 

The veins convey the blood from the different parts of the body^ to the heart. 
They receive the blood from the capillaries, and unite with one another to form 
larger vessels which, in their passage towards the heart, increase in size as they 
receive tributaries, or join other veins. The veins are larger and more numerous 
than the arteries ; hence, the capacity of the veins is greater than that of the 
arteries ; the capacity of the pulmonary veins, however, exceeds that of the 
pulmonary arteries only to a slight extent. The veins are cylindrical like the 
arteries ; their walls, however, are thin and they collapse when the vessels 
are empty, and the uniformity of their surfaces may be interrupted at intervals 
by slight constrictions, caused by the presence of valves in their interior (p. 666). 
They communicate very freely with one another, especially in certain regions 
of the body. Thus, between the venous sinuses of the cranium, and between 
the veins of the neck, where obstruction would be attended by imminent 
danger to the cerebral circulation, numerous anastomoses are found. Free 
communications also exist between the veias of the vertebral canal, and be- 
tween the veins composing the various venous plexuses in the abdomen 
and pelvis. 

The veins consist of two sets, viz. pulmoThary and systemic. 

The pulmonary veins, unlike other veins, contain oxygenated blood, which 
they return from the lungs to the left atrium of the heart. 

The systemic venpus channels return the venous blood from the body 
generally to the right atrium of the heart, and are subdivided into three sets, 
viz. superficial and deep veins, and venous sinuses. 

The superficial veins lie in the superficial fascia, immediately under the skin ; 
they return the blood from these structures, and eventually join the deep veins. 
In their mode of origin and termination the superficial veins are subject to 
considerable variation. 

The deep veins accompany the arteries, and are usually enclosed in the same 
sheaths with those vessels. With the smaller arteries — as the radial, ulnar, 
brachial, tibial, peroneal — ^they exist generally in pairs, one lying on each side 
of the artery, and are called venae comitantes. The larger arteries — such as the 
axillary, subclavian, popliteal and femoral — ^have usually only one accompany- 
ing vein. In certain regions, however, the deep veins do not accompany the 
arteries ; for instance, the cerebral veins, the veins of the skull and vertebral 
canal, the hepatic veins in the liver, and the larger veius returning blood from 
the bones. 

Venous sinuses are found only in the interior of the skuU, and are canals 
between the two layers of the dura mater. Their walls are devoid of muscular 
tissue and consist of endothelium only. 

The portal vein, an appendage to the systemic venous system, is confined 
to the abdominal cavity, and conveys the venous blood from the spleen and 
the viscera of digestion to the liver, where it breaks up into a network of capillary 
like vessels (sinusoids), from which the blood is drained by the hepatic veins to 
the inferior vena cava. 
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THE PULMONARY VEINS 

The pulmonary veins return the oxygenated blood from the lungs to the 
left atrium of the heart. They are four in number, two from each lung, and 
are destitute of valves. They commence in the capillary network on the walls 
of the alveoli of the lungs, and, joining together, form one vessel from each 
lobule of the lung. These vessels, uniting successively, form a single trunk 
from each lobe, three from the right lung and two from the left. The vein 
from the middle lobe of the right lung generally unites with that from the 
upper lobe, so that ultimately two veins, a superior and an inferior, leave each 
lung ; they perforate the fibrous layer of the pericardium and open separately 
into the upper and posterior part of the left atrium (fig. 676). Occasionally 
the three veins on the right side remain separate. Sometimes the two left 
pulmonary veins unite to form a single trunk before entering the heart. 

In the root of the lung, the superior pulmonary vein lies in front of and a 
little below the pulmonary artery ; the inferior is situated at the lowest part 
of the hilum of the lung and on a plane posterior to that of the superior vein. 
The bronchus is behind the pulmonary artery. 

On the right side the upper pulmonary vein passes behind the superior vena 
cava, and the lower behind the right atrium. 

On the left side both pulmonary veins pass in front of the descending thoracic 
aorta. 

Within the pericardium, their anterior surfaces are invested by the serous 
layer of this membrane. 


THE SYSTEMIC VEINS 

The systemic veins may be arranged into three groups : 1. The veins of the 
heart. 2. The veins of the upper limbs, head, neck and thorax, all of which 
end in the superior vena cava. 3. The vein's of the lower Hmbs, abdomen and 
pelvis, all of which end in the inferior vena cava. 


THE VEINS OF THE HEART (fig. 769) 

The coronary sinus. — ^Most of the veins of the heart open into the coronary 
sinus. This is a wide venous channel about 2 or 3 cm. long situated in the 
posterior part of the atrioventricular groove (coronary sulcus) of the heart 
(fig. 769), between the left atrium and left ventricle. It is completely surrounded 
by cardiac muscle, and some fibres from the left atrium may be carried over its 
posterior aspect. It ends in the right atrium between the opening of the inferior 
vena cava and the atrioventricular orifice, its aperture being guarded by a 
semilunar valve, named the valve of the coronary sinus (fig. 678). 

Its tributaries are the great, small, and middle cardiac veins, the posterior 
vein of the left ventricle, and the obhque vein of the left atrium, all of which, 
except the last, are provided with valves at their orifices. 

1 . The great cardiac vein (fig. 7 69) begins at the apex of the heart and ascends 
in the anterior interventricular sulcus to reach the atrioventricular groove. 
It then curves to the left in this groove, and, reaching the back of the heart, 
opens into the left extremity of the coronary sinus. It receives tributaries 
from the left atrium and from both ventricles, including the left marginal vein, 
which ascends along the left margin of the heart and is of considerable size. 

2. The small cardiac vein (fig. 769) runs in the atrioventricular groove 
between the right atrium and ventricle posteriorly, and opens into the right 
extremity of the coronary sinus. It receives blood from the back of the right 
atrium and ventricle ; the right marginal vein ascends along the right margin 
of the heart and joins the small cardiac vein in the atrioventricular groove, or 
opens directly into the right atrium. 
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3. The middle caxdiac vein (fig. 769) begins at the apex of the heart, runs 
backwards in the inferior interventricular groove, and ends in the coronary 
sinus near its right extremity. 

4. The posterior vein of the left ventricle (fig. 769) runs on the diaphragmatic 
surface of the left ventricle a little to the left of the middle cardiac vein ; it 
usually opens into the coronary sinus, but may end in the great cardiac 
vein. 

5. The oblique vein of the left atrium (fig. 769) is a small vessel which descends 
obliquely on the back of the left atrium and ends in the coronary sinus near its 


Fig. 769. — scheme showing the veins of the heart. 



left extremity ; it is continuous above with the ligament of the left vena 
cava (p. 669), and the two structures are remnants of the left duct of Cuvier 
(p. 158). _ . 

The following cardiac veins do not end in the coronary sinus : (1) the 
anterior cardiac veins, comprising three or four small vessels which collect blood 
from the front of the right ventricle and open into the right atrium ; the right 
marginal vein frequently opens into the right atrium, and is therefore some- 
times regarded as belonging to this group ; (2) the venae cordis minimee, 
comprising a number of minute veins, which lie in the muscular wall of the 
heart and open directly into its cavities, most of them into the atria, but a few 
into the ventricles. 


THE VEINS OF THE HEAD AND NECK 

The venous channels of the head and neck may be subdivided into : 1, The 
veins of the exterior of the head and face. 2. The veins of the neck. 3. The 
diploic veins, the veins of the brain and the venous sinuses of the dura 
mater. 
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The Veiks of the Exterior of the Head and Face (fig. 770) 

Supratrochlear. Maxillary. 

Supra-orbital. • Posterior facial. 

Anterior facial. Posterior auricular. 

Superficial temporal. Occipital. 

The supratrochlear vein (frontal vein) begins on the forehead in a venous 
network which communicates with the frontal tributaries of the superficial 
temporal vein. Veins converge from the network to form a single trunk, which 
descends on the forehead near the median plane parallel with the vein of the 
opposite side. At the root of the nose the two supratrochlear veins are joined 
by a transverse branch which is called the nasal arch, and receives small veins 
from the dorsum of the nose. The supratrochlear veins then diverge, and at 
the medial angle of the orbit, each joins with the supra-orbital vein to form the 
anterior facial vein. Occasionally the supratrochlear veins unite in a single 
trunk, which divides at the root of the nose into the two anterior facial 
veins. 

The supra-orbital vein begins near the zygomatic process of the frontal bone, 
where it communicates with the superficial and middle temporal veins. It 
courses medially along the upper margin of the orbital opening under cover of 
the Orbicularis oculi, and, at the medial angle of the eye, pierces this muscle 
and unites with the supratrochlear vein to form the anterior facial vein. It 
sends a branch through the supra-orbital notch into the orbital cavity to join 
the superior ophthalmic vein ; as this branch traverses the supra-orbital 
notch it is joined by the frontal diploic vein. 

The anterior facial vein, formed by the junction of the supratrochlear and 
supra-orbital veins, runs obliquely downwards on the side of the root of the 
nose, toNthe level of the lower margin of the orbital opening. It then runs 
downwards, and backwards behind the facial (external maxillary) artery, but 
follows a less tortuous course. It passes under cover of the Zygomaticus major, 
Risorius and Platysma, descends along the anterior border and then on the 
surface of the Masseter, crosses over the body of the mandible, and runs obliquely 
backwards, deep to the Platysma and superficial to the submandibular (sub- 
maxillary) gland. Digastric and Stylohyoid. A little below and in front of the 
angle of the mandible, it unites with the anterior branch of the posterior facial 
vein to form the common facial vein, which descends across the loop of the 
lingual artery, the hypoglossal nerve and the external and internal carotid arteries, 
and enters the internal jugular vein near the greater cornu of the hyoid bone. 
From near the termination of the common facial vein a branch of considerable 
size often runs down the anterior border of the Sternomastoid to join the lower 
part of the anterior jugular vein. 

Tributaries. — The anterior facial vein receives the veins of the ala nasi, and 
communicates with the superior ophthalmic vein. Through this communic- 
ation and the communication of the superior ophthalmic vein with the supra- 
orbital vein, an anastomosis is established between the anterior facial vein and 
yihe cavernous sinus. At a lower level the anterior facial vein receives a large 
branch, named the deep facial vein, from the pterygoid venous plexus. It is 
also joined by the inferior palpebral, the superior and inferior labial, the 
buccinator, the parotid and the masseteric veins. Below the mandible it 
receives the submental, external palatine and submandibular (submaxillary) 
veins. The common facial vein may be joined by the vena comitans of the 
hypoglossal nerve, and often receives the pharyngeal and superior -thyroid 
veins. 

Applied Anatomy . — The anterior facial vein is not so flaccid as. most superficial veins, 
and, in consequence of this, shows less tendency to collapse when divided. It has, moreover, 
no valves. It communicates freely with the intracranial circulation, not only at its commence- 
ment and by the supra-orbital veins, which are connected with the ophthalmic vein, a 
tributary of the cavernous sinus, but also by the deep facial vein, which communicates 
through the pterygoid plexus, with the cavernous sinus (p. 818). These facts have an 
important bearing upon the surgery of some diseases ; any phlegmonous inflammation of 
the face following an infected wound is liable to set up thrombosis in the anterior facial 
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vein, and detached portions of the clot may give rise to purulent foci in other parts of the 
body. These thrombi may extend upwards into the cram’al sinuses, and so induce a fatal 
issue ; this has been known to follow in the case of ordinary carbuncle of the face. The 
position of the vein must be borne in mind when incisions are made for the relief of suppura- 
tion about the mandible. 

The superficial temporal vein (fig. 770) begins on the side and vertex of the 
skull in a network which communicates with the corresponding vein of the 
opposite side, and with the supratrochlear, supra- orbital, posterior auricular 

Fig. 770. — ^The veins of the right side of the head and neck. 
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and occipital veins. From this network, anterior and posterior tributaries arise, 
and unite above the zygomatic arch to form tlie superficial temporal vein, which 
is joined in this situation by the middle temporal vein. It then crosses the post- 
erior root of the zygomatic arch, enters the substance of the parotid gland, and 
unites with the maxillary vein to form the posterior facial vein. 

Tributaries, — The superficial temporal vein receives some veins from the 
parotid gland, articular veins from the mandibular joint, anterior auricular 
veins from the auricle, and the transverse facial from the side of the face. The 
middle temporal vein, after receiving the orbital vein, which is formed by some 
lateral palpebral branches, passes backwards between the layers of the temporal 
fascia and joins the superficial temporal vein. 
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The pterygoid plexus is of considerable size, and is situated partly between 
the Temporal and Lateral pterygoid muscles, and partly between the two 
Pterygoids. It receives the sphenopalatine, deep temporal, pterygoid, masse- 
teric, buccal, dental, and greater palatine veins, and a branch or branches from 
the inferior ophthalmic vein. The pterygoid plexus anastomoses with the 
anterior facial vein, through the deep facial vein ; it is also connected with the 
cavernous sinus by veins which pass through the emissary sphenoidal foramen 
(foramen Vesalii), foramen ovale and foramen lacerum. 

The maxillary vein (internal maxillary vein) is a short trunk which accom- 
panies the first part of the corresponding artery and is formed by a confluence 
of the veins of the pterygoid plexus. It passes backwards between the spheno- 
mandibular ligament and the neck of the mandible, and unites with the super- 
ficial temporal vein to^form the posterior facial vein. 

The posterior faci^ vein, formed by the union of the superficial temporal 
and ma^^ary veins^ descends in the substance of the parotid gland, superficial 
to the external carotid artery but deep to the facial nerve. It divides into two 
branches, an anterior which passes forwards and unites with the anterior facial 
vein to form the common facial vein, and a posterior which is joined by the 
posterior auricular vein to form the external jugular vein. 

The po^erior auricular vein (fig. 770) begins on the posterior part of 
the side of the head, in a network which communicates with the tributaries 
of the occipital and superficial temporal veins. It descends behind the 
auricle, and joins the posterior division of the posterior facial vein in or 
just below the parotid gland to form the external jugular vein. It receives 
the stylomastoid vein and some tributaries from the cranial surface of the 
auricle. 

The occipital vein (fig. 770) begins in a venous network at the posterior part 
of the skuU. It pierces the cranial attachment of the Trapezius, dips 'into the 
suboccipital triangle and joins the deep cervical and vertebral veins. Occa- 
sionally it follows the course of the occipital artery and ends in the internal 
jugular veiu ; sometimes it joins the posterior auricular vein and, through it, 
opens iuto the external jugular vein. The parietal emissary vein connects it 
with the superior sagittal sinus, and the mastoid emissary vein with the trans- 
verse sinus. The occipital diploic vein sometimes joins it. 


The Veins oe the Neck (figs. 770, 772) 

External jugular. Anterior jugular. 

Posterior external jugular. Internal jugular. 

Vertebral. 

The external jugular vein (fig. 770) receives the greater part of the blood 
from the exterior of the cranium and from the deep parts of the face, and is 
formed by the union of the posterior division of the posterior facial vein with 
the posterior auricular vein. It begins on a level with the angle of the mandible, 
just below the parotid gland, or, sometimes, in its substance, and runs down 
the neck, where its course is represented by a line drawn from the angle of the 
mandible to the middle of the clavicle. It crosses the Sternomastoid obliquely, 
and in the subclavian triangle perforates the deep fascia to end in the sub- 
clavian vein, lateral to, or in front of, the Scalenus anterior ; the wall of the 
vein is adherent to the circumference of the opening in the deep fascia. It is 
covered by the Platysma, superficial fascia, and skin, and separated from the 
Sternomastoid by the investing layer of the deep cervical fascia j it crosses 
the anterior cutaneous nerve of the neck, and its upper half runs parallel with 
the great auricular nerve, which ascends behind it. The external jugular vein 
varies in size, bearing an inverse proportion to the other veins of the neck ; it 
is occasionally double. It is provided with two pairs of valves, a lower pair at 
its entrance into the subclavian vein, an upper about 4 cm. above the clavicle. 
The portion of the vein between the two sets of valves is often dilated, and is 
sometimes termed the These valves do not prevent regurgitation of the 

blood, or the passage of injection from below upwards. 
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Tributaxies. — The external jugular vein receives the posterior external 
jugular, and, near its termination, the transverse cervical, suprascapular 
transverse scapular) and anterior jugular veins ; in the parotid gland it is 
frequently joined by a branch from the internal jugular vein. The occipital 
vein occasionally opens into it. 


Fig. 771. — The veins of the neck. Anterior aspect. (After Spalteholz.) 



Subclavian vein 


Applied Anatomy . — ^Venesection used formerly to be performed on the external jugular 
vein, but is now probably never resorted to. When the vein is cut there is some risk of 
air being dra^ into it. 

The posterior external jugular vein begins in the occipital region and returns 
the blood from the skin and superficial muscles in the upper and posterior part 
of the neck. It opens into the middle part of the external jugular vein. 

The anterior jugular vein (figs. 770, 771) is devoid of valves and begins near 
the hyoid bone by the confluence of several superficial veins from the sub- 
mandibular region. It descends between the anterior median line and the 
anterior border of the Stemomastoid ; at the lower part of the neck it turns 
laterally under cover of that muscle, but superficial to the depressors of the 
hyoid bone, and opens into the termination of the external jugular vein, or 
into the subclavian vein. Its size varies considerably, and usually bears an 
inverse proportion to that of the external jugular vein. It communicates with 
the internal jugular vein and receives as tributaries some laryngeal veins, and 
occasionally a small thyroid vein. There are usually two anterior jugular veins, 
a right and a left ; just above the sternum they are united by a large transverse 

G.A. 2 c 2 
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trunk, termed the jugular archy which receives tributaries from the inferior 
thyroid veins. The anterior jugular veins may be replaced by a single trunk 
which descends in the anterior median line of the neck. 


Fig. 772. — drawing of a dissection of the prevertebral and upper thoracic 
regions showing the vessels, etc., near the root of the neck, the cervical 
course of the vertebral artery, and the structures which lie posterior to the 
internal jugular vein. 
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The iaterhal jugular vein (fig. 771) collects the blood from the brain, from 
the superficial parts of the face, and from the neck. It begins at the base of 
the skull in the posterior compartment of the jugular foramen, where it is 
directly continuous with the sigmoid sinus. At its origin it is somewhat dilated ; 
this dilatation, which is called the mjperior bulb, lies below the posterior part of 
the floor of the tympanic cavity. The vein runs downwards through the neck 
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within the carotid sheath (fig. 584), and, behind the sternal end of the clavicle, 
unites with the subclavian vein to form the iimominate vein. The internal 
jugular vein is dilated near its termination to form what is known as the 
inferior bulb ; directly above this bulb the vein contains a pair of valves. 
Posteriorly the internal jugular vein rests, from above downwards, on the 
Hectus capitis lateralis, the transverse process of the atlas, the Levator scapulae, 
the Scalenus medius and the cervical plexus ; then on the Scalenus anterior, 
the phrenic nerve, the thyrocervical trunk, the vertebral vein and the first part 
of the subclavian artery ,* on the left side it passes in front of the thoracic duct 
(fig. 772). Medially the vein 

is related to the internal and Fig. 773. — The veins of the thyroid gland, 

common carotid arteries, and 
to the vagus nerve, the last 
lying between the vein and 
the arteries but on a plane pos- 
terior to them. Superficially 
the vein is overlapped by the 
upper part, and covered by 
the lower part, of the Sterno- 
mastoid, and is crossed by the 
posterior beUy of the Digastric 
and the superior belly of the 
Omohyoid. Above the Digas- 
tric it is covered by the 
parotid gland and the styloid 
process, and is crossed by the 
accessory nerve and the post- 
erior auricular and occipital 
arteries. Between the Digas- 
trio and the Omohyoid the 
sternomastoid arteries and the 
nervus descendens cervicalis 
cross the vein, but the nerve 
often passes between it and 
the common carotid artery. 

Below the Omohyoid it is 
covered by the infrahyoid 
muscles, in addition to the 
Sternomastoid, and is crossed 
superficial to the infrahyoid 
muscles by the anterior jugular vein. The deep cervical lymph glands lie along 
the course of the vein, mainly on its superficial aspect. At the root of the 
neck the right internal jugular vein is placed at a little distance from the com- 
mon carotid artery, while the left vein usually overlaps the artery. At the 
base of the skull the internal carotid artery is in front of the internal jugular 
vein, and is separated from it by the last four cranial nerves. 

Tributaries. — ^The internal jugular vein receives the inferior petrosal sinus, 
the common facial, lingual, pharyngeal, superior and middle thyroid veins, and 
sometimes the occipital vein. In the upper part of the neck it may communicate 
with the external jugular vein. The thoracic duct opens into the angle of union 
of the left subclavian and internal jugular veins, and the right lymphatic 
duct into the angle of union of the right subclavian and internal jugular veins. 

The inferior petrosal sinus leaves the skull through the anterior part of 
the jugular foramen and, crossing either lateral or medial to the ninth, tenth 
and eleventh cranial nerves, joins the superior bulb of the internal jugular 
vein. 

The lingual veins begin on the dorsum, sides, and under surface of the 
tongue, and, passing bacWards along the course of the lingual artery, end in 
the internal jugular vein near the greater cornu of the hyoid bone. The vena 
comitans hypoglossi — a vein of considerable size — ^begins below the tip of the 
tongue, and may join the lingual veins ; generally, however, it passes backwards 
superficial to the Hyoglossus, and opens into the common facial vein. 
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The pharyngeal veins begin in the pharyngeal plexus on the outer surface of 
the pharynx, and, after receiving some meningeal veins and the vein of the 
pterygoid canal, end in the internal jugular vein. They occasionally open into 
the facial, the lingual, or the superior thyroid vein. 

The superior thyroid vein (fig. 773) begins in the substance and on the 
surface of the thyroid gland, by tributaries corresponding with the branches 
of the superior thyroid artery. It accompanies this artery, receives the superior 
laryngeal and cricothyroid veins, and ends in the internal jugular or in the 
common facial vein. 

The middle thyroid vein (fig. 773) collects the blood from the lower part of 
the thyroid gland, and receives some veins from the larynx and trachea. It 
crosses in front of the common carotid artery, and ends in the lower part of 
the internal jugular vein under cover of the superior belly of the Omohyoid. 

The inferior thyroid veins are described oh p. 826. 

The common facial and occipital veins have been described (pp. 806, 808). 

Applied Anatomy . — ^The internal jugular vein requires ligature in cases of septic thromb- 
osis of the sigmoid sinus, secondary to suppurative otitis media, in order to prevent septic 
emboli being carried into the general circulation. This operation has been performed 
in many cases, with the most satisfactory results. These cases are always extremely grave, 
for there is a danger of portions of the thrombus or clot being detached and causing septic 
embolism in the lungs. When the thrombosis involves the superior bulb of the internal 
jugular vein, the glossopharyngeal, vagus and accessory nerves may be paralysed. The 
hypoglossal nerve is sometimes paralysed by extension of the thrombus to the veins of the 
anterior condylar canal. 

The internal jugular vein is also important surgically, because it is surrounded by a 
number of deep cervical lymph glands ; and when these are enlarged in tuberculous or 
malignant disease, they are apt to adhere to the vessel, rendering their removal difficult 
and often dangerous. 

Cardiac pulsation is often demonstrable in the internal jugular vein at the root of the 
neck. There are no valves in the innominate veins or superior vena cava ; in consequence, 
the systole of the right atrium causes a wave to pass up these vessels, and when the con- 
ditions are favourable this wave appears as a somewhat feeble flicker over the internal 
jugular vein at the root of the neck, quite distinct from, and just preceding, the more 
forcible impulse transmitted from the underlying common carotid artery and due to the 
ventricular systole. This atrial systolic venous impulse is much increased in conditions' 
in which the right atrium is abnormally distended with blood or is hypertrophied, as is 
often the case in disease of the mitral valve. In the Adams-Stokes’ syndrome it is this 
pulsation which gives evidence of the fact that the atria are beating faster — often two or 
three times faster — ^than the ventricles. 

The vertebral vein is formed in the suboccipital triangle, from numerous 
small tributaries which spring from the internal vertebral plexuses and issue 
from the vertebral canal above the posterior arch of the atlas. They unite 
with small veins from the deep muscles at the upper part of the back of the 
neck, and form a vessel which enters the foramen in the transverse process of 
the atlas, and descends, forming a dense plexus around the vertebral artery, in 
the canal formed by the foramina transversaria of the cervical vertebrse. This 
plexus ends in the vertebral vein, which emerges from the foramen trans- 
versarium of the sixth cervical vertebra, and runs downwards, at first anterior and 
then anterolateral to the vertebral artery, to open into the upper and posterior 
part of the innominate vein, the opening being guarded by a pair of valves. 
In its course the vertebral vein descends behind the internal jugular vein and 
in front of the first part of the subclavian artery (fig. 772). A small vein 
usually descends from the plexus around the vertebral artery, passes through the 
foramen transversarium of the seventh cervical vertebra, and curves forwards be- 
tween the subclavian artery and the cervical pleura to join the innominate vein. 

Tributaries. — The vertebral vein communicates with the sigmoid sinus of 
the skull by a vein which passes through the posterior condylar canal, when that 
canal exists. It receives branches from the occipital vein, from the prevertebral 
muscles, and from the internal and external vertebral plexuses. It is joined 
by the anterior vertebral and the deep cervical veins ; close to its termination 
it sometimes receives the first intercostal vein. 

The anterior vertebral vein commences in a plexus around the transverse 
processes of the upper cervical vertebrae, descends in company with the ascending 
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cervical artery between the Scalenus anterior and Longus capitis, and opens 
into the terminal part of the vertebral vein. 

The deep cervical vein accompanies its artery between the Semispinales 
capitis et cervicis. It begins in the suboccipital region by communicating 
branches from the occipital vein and by small veins from the deep muscles 
at the back of the neck. It receives tributaries from the plexuses around the 
spines of the cervical vertebrae, and passes forwards between the transverse 
process of the seventh cervical vertebra and the neck of the first rib to end in 
the lower part of the vertebral vein. 

The Diploic Veins (fig. 774) 

The diploic veins occupy channels in the diploe of the cranial bones and 
are devoid of valves. They are large, and exhibit pouch-like dilatations at 
irregular intervals ; their walls are thin, and formed of endothelium supported 
by a layer of elastic tissue. 


Fro. 774. — The veins of the diploe. Displayed by the removal of the 
outer table of the skull. 



They communicate with the meningeal veins, the sinuses of the dura mater, 
and the veins of the pericranium. They comprise (1) the frontal diploic vein, 
which emerges from the bone at the supra-orbital foramen and opens into the 
supra-orbital vein ; (2) the anterior parietal • diploic vein, which is confined 
chiefly to the frontal bone and pierces the greater wing of the sphenoid bone 
to end in the sphenoparietal sinus or in the anterior deep temporal vein ; 
(3) the posterior parietal diploic vein, which is situated in the parietal bone ; it 
descends to- the posterior inferior angle of the parietal bone and joins the 
transverse sinus through an aperture placed at that angle or through the mastoid 
foramen ,* and (4) the occipital diploic vein, the largest of the four, which is 
confined to the occipital bone and opens into the occipital vein, or into the 
transverse sinus near the confluence of the sinuses. In addition, numerous 
smaU diploic veins pierce the inner table close to the margius of the superior 
sagittal sinus and terminate in the venous lacimse (p. 815). 

The Veins of the Brain 

The veins of the brain possess no valves, and their walls, owing to the 
absence of muscular tissue, are extremely thin. They pierce the arachnoid 
mater and the inner or meningeal layer of the dura mater, and open into 
the cranial venous sinuses. They comprise two sets, cerebral and cerebellar. 
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The cerebral veins are divisible into external and internal groups, according 
as they drain the outer surfaces or the inner parts of the hemispheres. 

The external cerebral veins are the superior, middle and inferior. 

The superior cerebral veins, eight to twelve in number on each hemisphere, 
drain the superolateral and medial surfaces of the hemispheres, and are 
mainly lodged in the sulci between the gyri, but some run across the gyri. 
They ascend to the superomedial border of the hemisphere, where they receive 
small veins from the medial surface of the hemisphere, and open into the superior 
sagittal sinus ; the anterior veins run nearly at right. angles to the sinus ; the 
posterior and larger veins are directed obliquely forwards, and thus open into 
the sinus in a direction opposed to the current of the blood contained within it. 

The superficial middle cerebral vein begins on the lateral surface of the hemi- 
sphere, and, following the posterior ramus and the stem of the lateral sulcus 
(lateral cerebral fissure), ends in the cavernous sinus. The superior anastomotic 
vein runs backwards and upwards between the middle cerebral vein and the 
superior sagittal sinus, and thus a communication is established between the 
superior sagittal and cavernous sinuses. A second vein, named the inferior 
anastomotic vein, courses over the temporal lobe, and connects the middle 
cerebral vein to the transverse sinus. 

The inferior cerebral veins are of small size, and drain the under surface of 
the hemisphere. Those on the orbital surface of the fi?ontal lobe join the 
superior cerebral veins, and through these open into the superior sagittal sinus ; 
those of the temporal lobe anastomose with the basal and middle cerebral 
veins, and join the cavernous, superior petrosal and transverse sinuses. 

The basal vein begins at the anterior perforated substance by the union of 

[а) a small anterior cerebral vein, which accompanies the anterior cerebral artery, 

(б) the deep middle cerebral vein, which receives the tributaries from the insula 
and neighbouring gyri, and runs in the floor of the lateral cerebral sulcus, and 
(c) the striate veins, which pass through the anterior perforated substance. 
The basal vein passes backwards round the cerebral peduncle and ends in the 
great cerebral vein ; it receives tributaries from the interpeduncular fossa, 
the inferior horn of the lateral ventricle, the hippocampal gyrus and the 
mid-brain. 

The internal cerebral veins, two in number, drain the deep parts of the 
hemisphere ; each is formed near the interventricular foramen by the union 
of the thalamostriate (terminal) and choroid veins. They run backwards parallel 
with each other, between the layers of the tela chorioidea of the third ventricle, 
and below the splenium of the corpus callosum, where they unite to form the 
great cerebral vein. 

The thalamostriate vein (terminal vein) runs in the groove between the 
caudate nucleus and the thalamus, receives numerous veins from both of these 
structures, and unites behind the anterior column of the fornix with the choroid 
vein, to form the internal cerebral vein. The choroid vein runs along the whole 
length of the choroid plexus, and receives veins from the hippocampus, the 
fornix, and the corpus callosum. 

The great cerebral vein, formed by the union of the two internal cerebral 
veins, is a short median trunk which curves sharply upwards around the 
splenium of the corpus callosum and opens into the anterior extremity of the 
straight sinus, after receiving the right and left basal veins. 

The cerebellar veins are placed on the surface of the cerebellum, and consist 
of two sets, superior and inferior. Some of the superior cerebellar veins pass 
forwards and medially, across the superior vermis, to end in the straight sinus 
and in the internal cerebral veins ; others run laterally to the transverse and 
superior petrosal sinuses. The inferior cerebellar veins, of large size, end in the 
sigmoid, superior petrosal and occipital sinuses. 

The Venous Sinuses of the Dura Mater (figs. 775 to 779 ) 

The sinuses of the dura mater are venous channels which drain the blood 
from the brain ; they are situated between the two layers of the dura mater 
and are lined by endothelium continuous with that which lines the veins ; they 
contain no valves, and their walls are devoid of muscular tissue. They may be 
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di\ided into two groups : (1) a posterosuperior, at the upper and posterior 
parts of the skuD, and (2) an antero-inferior, at the base of the skull. 

1 . The posterosuperior group of venous sinuses : 

Superior sagittal. Two transverse. 

Inferior sagittal. Two sigmoid. 

Straight, Occipital. 

The superior sagittal sinus (figs. 775, 776) occupies the attached, convex 
margin of the falx cerebri. It commences in front of the crista galli, where it 
receives a vein from the nasal cavity on the rare occasions when the foramen 


Fig. 775. — The superior sagittal sinus laid open after the removal of the skull- 
cap. The fibrous bands which cross the sinus and the venous laeunse are 
clearly seen ; from two of the lacunae bristles are passed into the sinus. 
(Poirier and Charpy.) 
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caecum is patent ; it runs backwards, grooving the inner surface of the frontal 
bone, the adjacent margins of the two parietal bones, and the squamous part 
of the occipital bone ,* near the internal occipital protuberance it deviates to 
one or other side (usually the right), and is continued as the corresponding 
transverse sinus. It is triangular in cross-section, and gradually increases in 
size as it passes backwards. Its inner surface presents the openings of the 
superior cerebral veins, projecting arachnoid granulations, and numerous fibrous 
bands which cross the inferior angle of the sinus ; the sinus also communicates 
through small openings with irregularly-shaped venous lacunce (laeunse laterales), 
which are situated in the dura mater near the sinus. There are usually three 
laeunse laterales on each side of the sinus : a smaU frontal, a large parietal, and 
an occipital, which is intermediate in size between, the other two -(Sargent *•*). 
Many fine fibrous bands cross the laeunse, and numerous arachnoid granulations 
project into them from below. The superior sagittal sinus receives the superior 

* Percy Sargent, Journal of AnaJtomy and Physiology, vol, xlv. 
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cerebral veins, and, near the posterior extremity of the sagittal suture, veins 
from the pericranium which pass through the parietal foramina ; the venous 
lacunae receive the diploic and meningeal veins. 

The confluence of the sinuses (fig. 777), is the term applied to the dilated 
posterior extremity of the superior sagittal sinus. It is lodged on one side 
(generally the right) of the internal occipital protuberance, and from it the 
transverse sinus of the same side is derived. It receives also the blood from the. 
occipital sinus, and is connected by a channel with the commencement of the 
opposite transverse sinus. 


Fig. 776. — The dura mater and its processes. Exposed by removing part of the 
right half of the skull, and the brain. 
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According to le Gros Clark* the lacunae laterales should not be described as single 
well-defined cavities, but rather as a complicated meshwork of veins into which the diploic 
veins and the superior terminations of the meningeal veins open. He states that the 
superior cerebral veins never open into the lacunae, but pass beneath them and open directly 
into the superior sagittal sinus. 

Applied Aruitomy . — ^The communications which take place between the superior sagittal 
sinus and the veins of the nose, scalp, and diploe, cause it to be at times the seat of infective 
thrombosis from suppurative processes in these parts. 

The inferior sagittal sinus (fig. 776) is contained in the posterior one-haLf or 
two-third of the free margin of the falx cerebri. It increases in size as it passes 
backwards, and ends in the straight sinus. It receives several veins from the 
falx cerebri, and occasionally a few from the medial surfaces of the hemispheres. 

The straight sinus (figs. 776, 777) is situated in the line of junction of the 
falx cerebri with the tentorium cerebelli. It is triangular in cross-section and 

* W. E. le Gros Clark, Journal of Anatomy ^ vol. Iv. 
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is traversed by a few transverse bands. It runs backwards and downwards 
from the end of the mferior sagittal sinus to the transverse sinus of the side 
opposite to that into which the superior sagittal sinus is prolonged. Its term- 
inal part commumcates by a cross branch with the confluence of the sinuses. 
Besides the inferior sagittal sinus, it receives some of the superior cerebellar 
veins, and, at its commencement, the great cerebral vein, the site of the opening 
of this vein being marked by a dilatation. 

The transverse sinuses (fig. 777, 778) are of large size, and begin at the internal 
occipital protuberance ; one, generally the right, being the direct continuation 


Fig. 777. — ^The tentorium cerebeUi. Superior aspect. 


Optic nerve 
Diaphragma sellce 


Free margin of tentorium 


Internal carotid artery 
Oculomotor nerve 

Attached margin of tentarixnn 



Confluence of the sinuses 


of the superior sagittal sinus, the other of the straight sinus. Each transverse 
sinus passes laterally and forwards to the base of the petrous portion of the 
temporal bone, where it becomes continuous with the sigmoid sinus. It lies 
in the attached margin of the tentorium cerebeUi, at first on the squama of the 
occipital bone and then on the posterior inferior angle of the parietal bone. It 
describes a gentle curve, convex upwards, and increases^in size as it proceeds 
forwards. The transverse sinuses are triangular on transverse section, and are 
frequently of unequal size, that formed by the superior sagittal sinus being the 
larger. At the point where they become continuous with the sigmoid sinuses, 
they are joined by the superior petrosal sinuses ; and in their course they 
receive some inferior cerebral, inferior cerebeUar, and diploic veins, and the 
inferior anastomotic vein (p. 814). The petrosquamous sinus, when present, 
runs backwards along the junction of the squama and petrous portion of the 
temporal bone, and opens into the transverse sinus. Anteriorly, it communicates 
with the external jugular vein through a postglenoid (p. 296) or a squamosal 
foramen (p. 295). 

The sigmoid sinuses (fig. 778) are directly continuous with the transverse 
sinuses at the point where the latter leave the tentorium cerebeUi. Each 
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sigmoid sinus curves downwards and medially in a deep groove on the mastoid 
part of the temporal bone, crosses the jugular process of the occipital bone, and 
then turns forwards to become continuous with the superior bulb of the internal 
jugular vein in the posterior part of the jugular foramen. Anteriorly a very thin 
plate of bone separates the upper part of the sigmoid sinus from the tympanic 
antrum and mastoid air-cells. Each sinus communicates with the veins of the 
pericranium by means of the mastoid and condylar emissary veins. 


Fiq. 778. — The sinuses at the base of the skull. 
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The occipital sinus (fig. 778), the smallest of the cranial sinuses, is situated 
in the attached margm of the falx cerebelli, and is generally unpaired, but two 
may be present. It commences near the margin of the foramen magnum in 
several small venous channels, one of which joins the terminal part of the 
sigmoid sinus r it communicates with the internal vertebral plexuses, and ends 
in the confiuence of the sinuses. 

2. The antero-inferior group of venous sinuses : 

Cavernous. Superior petrosal. Basilar. 

Sphenoparietal. Inferior petrosal. Middle meningeal. 

Intercavernous. 

The cavernous sinuses (figs. 778, 779) are placed on the sides of the body of 
the sphenoid bone, and are so named because they present a spongy structure, 
due to their being traversed by numerous interlacing filaments. Each extends 
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from the superior orbital fissure in front, to the apex of the petrous part of the 
temporal bone behind, and has an average length of 2 cm. and a width of 1 cm. 
The internal carotid artery, surrounded by a plexus of sympathetic filaments, 
passes forwards through the sinus ; the abducent nerve, in this part of its 
course, Hes inferolateral to the artery ; the oculomotor and trochlear nerves, 
and the ophthalmic and maxillary divisions of the trigeminal nerve (fig. 779) 
are placed in the lateral waU of the sinus. These structures are separated from 
the blood in the sinus by the lining membrane of the sinus. The sphenoidal 
sinus and the hypophysis cerebri are medial to the cavernous sinus. The 
cavum trigeminale (p. 1024) is closely related to the lower and posterior part of 
its lateral wall, and extends backwards beyond the sinus, enclosing the trigeminal 
(semilunar) ganglion. The uncus forms an additional relation of the lateral wall. 

The tributaries of the cavernous sinus are the superior ophthalmic vein, a 
branch from the inferior ophthalmic vein, the superficial middle cerebral veini 
some inferior cerebral veins, and 
the sphenoparietal sinus ; the 
central vein of the retina and 
the anterior trunk of the middle 
meningeal sinus sometimes open 
into it. The cavernous sinus 
communicates with the trans- 
verse sinus through the superior 
petrosal sinus ; with the internal 
jugular vein through the inferior 
petrosal sinus and a plexus of 
veins on the internal carotid 
artery ; with the pterygoid 
venous plexus by veins which 
pass through the emissary sphen- 
oidal foramen (Vesalii), foramen 
ovale, and foramen lacerum ; 
and with the anterior facial vein 
through the superior ophthalmic vein. The two sinuses also communicate with 
each other by means of the anterior and posterior intercavernous sinuses and 
the network of basilar sinuses. 

The sphenoparietal sinuses (fig. 778) run on the under surfaces of the lesser 
wings of the sphenoid bone, near their posterior edges. Each sinus receives 
some small veins from the adjacent part of the dura mater and may receive 
one of the middle meningeal sinuses ; it opens into the anterior part of the 
cavernous sinus. 

A'pplied Anatomy , — ^An arteriovenous communication may be established between the 
cavernous sinus and the internal carotid artery, giving rise to a pulsating tumour in the 
orbit. Such communication may be the result of a bullet wound, a stab, or a blow; or fall 
sufficiently severe to cause a fracture of the base of the skull in this situation. Ligature of 
the internal or common carotid artery has been performed in these cases with considerable 
success. 

It is now well known that caries in the upper parts of the nasal cavities and suppuration 
in certain of the accessory sinuses of the nose are freq[uently responsible for septic thromb- 
osis of the cavernous sinuses, in exactly the same way as thrombosis of the sigmoid sinus 
is due to septic disease in the mastoid process. Many deaths from meningitis, hitherto 
unaccounted for, are in reality due to the spread of an infection from the ethmoidal or 
sphenoidal sinuses to the cavernous sinuses, and thence to the meninges. 

The ophthalmic veins (fig. 780), two in number, superior and inferior, are 
devoid of valves. 

The superior ophthalmic vein begins behind the medial angle of the upper 
eyehd by the union of two branches which communicate anteriorly with the 
anterior facial and supra-orbital veins (p. 806). It runs with the ophthalmic 
artery, receives tributaries corresponding to the branches of that vessel, passes 
through the medial part of the superior orbital fissure, and ends in the cavernous 
sinus. 

The inferior ophthalmic vein begins in a venous network at the fore part of 
the floor and medial wall of the orbit ; it receives some veins from the Rectus 


Fig, 779. — ^An oblique section through the 
left cavernous sinus. 
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inferior, Obliquus inferior, lacrimal sac and eyelids, and runs backwards above 
the Rectus inferior. It frequently joins the superior ophthalmic vein, but 
may open into the cavernous sinus. It communicates with the pterygoid 
venous plexus by means of small veins which pass through the inferior orMtal 
fissure. 

The intercavernous sinuses, an anterior and a posterior, connect the cavern- 
ous sinuses across the median plane, and are situated in the anterior and posterior 
attached borders of the diaphragma sellse ; they form with the cavernous 
sinuses a venous circle (circular sinus) (fig. 778). The small, irregular venous 
sinuses which lie below the hypophysis cerebri drain into the intercavernous 
sinuses. 

The superior petrosal sinuses (fig. 778), small and narrow, drain the cavernous 
sinuses into the transverse sinuses. After leaving the posterosuperior part of 
the cavernous sinus, each superior petrosal sinus runs backwards and laterally 



in the attached margin of the tentorium cerebelli. In its course it crosses above 
the trigeminal nerve and then lies in a groove on the superior border of the 
petrous part of the temporal bone. Einally, it terminates by joining the trans- 
verse sinus where the latter curves downwards to become continuous with the 
sigmoid sinus. It receives some cerebellar and inferior cerebral veins, and veins 
from the tympanic cavity. 

The inferior petrosal sinuses drain the cavernous sinuses into the internal 
jugular vein. Each (fig. 778) begins in the postero-inferior part of the corre- 
sponding cavernous sinus, runs backwards in the groove between the petrous 
part of the temporal bone and the basilar part of the occipital bone, and, passing 
through the anterior part of the jugular foramen, ends in the superior bulb of 
the internal jugular vein. It receives the internal auditory vein and also veins 
from the medulla oblongata, pons, and under surface of the cerebellum. 

The relations of the structures transmitted through the jugular foramen are 
as follows : the inferior petrosal sinus lies medially and anteriorly with the 
meningeal branch of the ascending pharyngeal artery, and is directed obhquely 
downwards and backwards ; the sigmoid sinus is situated at the lateral and 
posterior part of the foramen with a meningeal branch of the occipital artery ; 
between the two sinuses are the glossopharyngeal, vagus, and accessory nerves. 
The junction of the inferior petrosal sinus with the internal jugular vein usually 
takes place on the lateral aspect of the nerves. 

The network of basilar sinuses (fig. 778) consists of several interconnecting 
venous channels situated between the layers of the dura mater over the dorsum 
sellae of the sphenoid bone and the basilar part of the occipital bone ; it connects 



THE EMISSARY VEINS 821 

the two inferior petrosal sinuses, and comraunicates with the internal vertebral 
venous plexus. 

The middle meningeal sinuses (fig. 778) communicate above with the superior 
sa^ttal sinus through the adjoining venous lacunae, and unite to form two 
principal trunks, an anterior and a posterior, which accompany the branches of 
the middle meningeal arteries more or less closely in the grooves on the inner 
surface of the parietal bone ; sometimes they occupy grooves apart from the 
arteries. Their mode of ending is subject to some variation. The posterior 
trunk may leave the cranial cavity through the foramen spinosum and open 
into the pterygoid plexus. The anterior trunk may reach the pterygoid plexus 
by emergiug through the foramen ovale, or it may end in the sphenoparietal 
sinus or in the cavernous sinus. Besides their meniugeal tributaries they receive 
some small inferior cerebral veins, and communicate with the diploic veins and 
with the superficial middle cerebral vein. 

Wood Jones * has pointed out that the grooves on the inner surfaces of the 
parietal bones are in reality impressed by the middle meningeal sinuses and not 
by the middle meningeal arteries, and says, contrary to the general belief of 
surgeons, the vascular tunnel at the pterion, although it lodges arterial branches, 
is typically formed by, and typically lodges a venous sinus.’’ 

The Emissaey Veins 

The emissary veins pass through apertures in the cranial wall and establish 
communications between the venous sinuses inside the skull and the veins 
external to it. Some are constant, but others are not always present. 1. A 
mastoid emissary vein runs through the mastoid foramen and unites the 
sigmoid sinus with the posterior auricular or occipital vein. 2. A parietal 
emissary vein passes through the parietal foramen and connects the superior 
sagittal sinus with the veins of the scalp. 3. An anterior condylar emissary 
vein traverses the anterior condylar (hypoglossal) canal and joins the sigmoid 
sinus with the internal jugular vein. 4. A posterior condylar emissary vein 
passes through the posterior condylar canal and connects the sigmoid sinus 
with the veins in the suboccipital triangle. 5. A network of emissary veins 
unites the cavernous sinus with the pterygoid plexus through the foramen ovale, 
6. Two or three small emissary veins run through the foramen lacerum and 
connect the cavernous sinus with the pterygoid plexus. 7. A vein traverses the 
emissary sphenoidal foramen (of Vesalius) and connects the same vessels. 
8. A plexus of veins accompanies the internal carotid artery through the carotid 
canal of the temporal bone and unites the cavernous sinus with the internal 
jugular vein. 9. The petrosquamous sinus (p. 817) connects the transverse 
sinus with the external jugular vein. 10. An emissary vein may pass through 
the foramen caecum, which, however, is only patent in a little over 1 per cent, 
of adult skulls, t and connect the veins of the nose with the superior sagittal 
sinus. 

Applied Anatomy * — ^These emissary veins are of importance in surgery. Inflammatory 
processes commencing on the outside of the skull may travel inwards through them, and 
lead to thrombosis of the sinuses. 

By means of these emissary veins blood may be abstracted from the intracranial circul- 
ation — e.g. leeches applied behind the ear drain blood from the transverse sinus through 
the mastoid vein. 


THE VEINS OF THE UPPER LIMB AND THORAX 

The veins of the upper limb are divided into two sets, superficial and deep^ 
which anastomose freely with each other. The superficial veins are placed 
immediately under the skin, in the superficial fascia ; the deep veins accompany 
the arteries. Both sets are provided with valves, which are more numerous in 
the deep than in the superficial veins. 

* Journal of Anatomy and Physiology , vol. xlvi. 
t G. I. Boyd, Journal of Anatomy ^ vol. Ixv. 1930. 
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The Supereicial Veins of the Upper Extremity (figs. 781, 782) 

The superficial veius of the upper limb are the cephalic, basilic, and median 
antebrachial veins, and their tributaries. 

The dorsal digital veins pass along the sides of the fingers and are joined to 
one another by oblique communicating branches. Those from the adjacent 
sides of the fingers unite to form three dorsal metacar jpal veins (fig. 781), which 
end in a dorscd venous network opposite the middle of the metacarpus. The 


Fig. 781. — The veins of the dorsum of the hand. (Bourgery.) 



radial part of the network is joined by the dorsal digital vein from the radial 
side of the index finger and by the dorsal digital veins of the thumb, and is pro- 
longed upwards as the cephalic vein. The ulnar part of the network receives the 
dorsal digital vein of the ulnar side of the little finger and is continued upwards 
as the basilic vein. A communicating branch frequently connects the dorsal 
venous network with the cephalic vein about the middle of the forearm. 

The jpalmar digital veins are connected to the dorsal digital veins by oblique 
intercapitular veins, which pass backwards between the heads of the metacarpal 
bones. They also drain into a venous plexus which lies superficial to the palmar 
aponeurosis, and extends over the thenar and hypdthenar eminences. 





THE SUPERFICIAL VEINS OF THE UPPER TJMR 


823 


Cephalic vein 


The cephalic vein (fig. 782) begins in the radial part of the dorsal venous 
network of the hand and winds upwards round the radial border of the forearm 
to its anterior surface, receiving 

tributaries from both surfaces. Fro. 782. — The superficial veins of the right upper 
Below the front of the elbow it extremity, 

gives off the median cubital vein, 
which receives a communicating 
branch from the deep veins of the 
forearm and passes medially to 
join the basilic vein. The cephalic- 
vein then ascends in front of the 
elbow in the groove between the 
BrachioradiaHs and the Biceps. 

It crosses superficial to the 
lateral antebrachial cutaneous 
nerve and runs upwards along 
the lateral border of the Biceps. 

In the upper one-third of the 
arm it lies in the interval between 
the Pectoralis major and Deltoid, 
where it is accompanied by the 
deltoid branch of the acromio- 
thoracic artery. Entering the 
infraclavicular fossa (deltoideo- 
pectoral triangle), it passes under 
cover of the clavicular head of 
the Pectoralis major. It then 
pierces the clavipectoral fascia, 
crosses the axillary artery, and 
ends in the axillary vein just 
below the clavicle. Sometimes 
it communicates with the ex- 
ternal jugular vein by a branch 
which ascends in front of the 
clavicle. 

In some cases the median 
cubital vein is large and carries 
all or most of the blood from the 
cephalic into the basilic vein, the 
result being that the proximal 
half of the cephalic vein is either 
absent or of small size. 

The accessory cephalic vein 
arises from a small tributary 
plexus on the back of the forearm 
or from the ulnar side of the 
dorsal venous network ; it joins 
the cephalic below the elbow. In 
some cases it springs from the 
cephalic vein above the wrist and 
joins it again higher up. A large 
oblique branch frequently con- 
nects the basilic and cephalic 
veins on the back of the forearm. 

The basilic vein (fig. 782) be- 
gins in the ulnar part of the 
dorsal venous network of the 
hand. It runs up for some dist- 
ance on the posterior surface of 

the ulnar side of the forearm but inclines forward to the anterior surface below 
the elbow. It is joined by the median cubital vein and ascends obliquely in the 
groove between the Biceps and Pronator teres ; filaments of the medial ante- 
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brachial cutaneous nerve pass both in front of and behind this portion of the 
vein. It then runs upwards along the medial border of the Biceps, perforates 
the deep fascia a little below the middle of the upper arm, and, ascending on the 
medial side of the brachial artery to the lower border of the Teres major, is 
continued onwards as the axillary vein. 

The median vein of the forearm (fig. 782) drains the venous plexus on the 
palmar surface of the hand. It ascends on the front of the forearm and ends 
in the basilic vein or the median cubital vein ; in a small proportion of cases it 
divides below the elbow into two branches, one of which joins the basilic vein, 
the other the cephalic vein. 

Applied Anatomy, — Venesection is generally performed at the bend of the elbow, and as 
a matter of practice the largest vein in this situation, the median cubital, is commonly 
selected. 

Intravenous infusion of normal saline solution is frequently required in modern surgery 
for conditions of severe shook and after profuse haemorrhages, when suitable donors are 
not available for transfusion of blood. The patient’s arm is surrounded by a tight bandage 
so as to impede the venous return, and the largest vein visible in front of the elbow is 
selected. 


The Deep Veins of the Upper Limb 

The deep veins follow the course of the arteries, and form their venae com- 
itantes. They are generally arranged, in pairs, and are situated one on each 
side of the corresponding artery, and connected at intervals by short transverse 
branches. As most of the blood which supplies the upper limb is returned by 
the superficial veins, the deep veins are small and inconspicuous. 

The deep veins of the hand. — The superficial and deep palmar arterial 
arches are each accompanied by a pair of venae conditantes, which constitute 
respectively the superficial and deep palmar venous arches^ and receive 
the veins corresponding to the branches of the arterial arches ; thus the 
palmar digital veins open into the superficial, and the palmar metacarpal 
veins into the deep, palmar venous arches. The deep veins accompanying 
the dorsal metacarpal arteries receive perforating branches from the palmar 
metacarpal veins, and end in the radial veins and in the dorsal venous 
network. 

The deep veins of the forearm are the venae comitantes of the radial and 
ulnar arteries and constitute respectively the upward continuations of the deep 
and superficial palmar venous arches ; they unite in front of the elbow to form 
the brachial veins. The radial veins are smaller than the ulnar, and receive 
the deep veins of the dorsum of the hand. The ulnar veins receive tributaries 
from the deep palmar venous arch and communicate with the superficial veins 
at the wrist ; near the elbow they receive the anterior and posterior interosseous 
veins and send a large communicating branch (profunda vein) to the median 
cubital vein. 

The brachial veins are placed one on each side of the brachial artery, and 
receive tributaries corresponding with the branches of that artery ; near the 
lower margin of the Subscapularis, they join the axillary vein ; the medial one 
frequently joins the basilic vein. 

These deep veins have numerous anastomoses, not only with each other, 
but also with the superficial veins. 

The axillary vein begins at the lower border of the Teres major, as the 
continuation of the basilic vein, increases in size as it ascends, and ends at the 
outer border of the first rib, where it becomes continuous wdth the subclavian 
vein. Near the lower border of the Subscapularis it receives the brachial veins 
and, close to its termination, the cephalic vein ; its other tributaries correspond 
with the branches of the axillary artery. It lies on the medial side of the axillary 
artery, which it partly overlaps; between the two vessels are the medial 
pectoral (medial anterior thoracic) nerve, the medial cord of the brachial plexus, 
the ulnar nerve and the medial antebrachial cutaneous nerve. On its medial 
side it is accompanied by the medial cutaneous nerve of the arm, and both 
on its medial and posterior aspects it is intimately related to the lateral group 
of the axillary lymph glands. It is provided with a pair of valves opposite the 
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lower border of the Subscapularis ; valves are also found in the ends of the 
cephalic and subscapular veins. 

Applied Anatomy . — Since the axillary vein is superficial to and larger than the axillary 
artery, which it overlaps, it is more liable to be wounded than the artery in the operation 
of excision of the axillary lymph glands, especially as these glands, when diseased, are apt 
to become adherent to it. 

The subclavian vein (fig. 784), which is the continuation of the axillary vein, 
extends from the outer border of the first rib to the medial border of the 
Scalenus anterior, where it unites with the internal jugular vein to form the 
innominate vein. It is in relation, in front, with the clavicle and Subclavius ; 
behind and above, with the subclavian artery, from which it is separated by the 
Scalenus anterior and, on the right side, by the phrenic nerve. Below, it rests 
in a shallow groove on the fiirst rib and upon the pleura. It is usually provided 
with a pair of valves, which are situated about 2 cm. from its termination. 

Its tributaries are the external jugular vein, sometimes the anterior jugular 
vein, and occasionally a small branch, which ascends in front of the clavicle, 
from the cephalic vein. 

At its angle of junction with the internal jugular vein, the left subclavian 
vein receives the thoracic duct, and the right subclavian vein the right lymphatic 
duct. 

The Veins or the Thobax (%s. 783, 784) 

The innominate veins are two large trunks, placed in the root of the neck 
and in the uppermost part of the thorax ; each is formed by the union of the 
internal jugular and subclavian veins of the corresponding side and both are 
devoid of valves. 

The right innominate vein (fig. 783), about 2*5 cm. long, begins behind the 
sternal end of the right clavicle, and, passing almost vertically downwards, 
joins the left innominate vein to form the superior vena cava behind the 
cartilage of the first rib, close to the right border of the sternum. It lies in front 
and to the right of the innominate artery and the right vagus nerve. The 
right pleura, phrenic nerve, and internal mammary artery are posterior to the 
upper part, and lateral to the lower part of the vein. 

Its tributaries are the right vertebral, theright internal mammary and the right 
inferior thyroid veins, and sometimes the first right posterior intercostal vein . 

The left innominate vein (fig. 783), about 6 cm. long, begins behind the 
sternal end of the left clavicle, where it lies in front of the left cervical pleura. 
It runs obliquely downwards and to the right behind the upper half of the 
manubrium stemi to the sternal end of the first right costal cartilage, where 
it unites with the right innominate vein to form the superior vena cava. It 
is separated from the left sternoclavicular joint and the manubrium stemi by 
the Sternohyoid and Sternothyroid, the thymus or its remains, and some 
loose areolar tissue, and, at its termination, is overlapped by the right pleura. 
In its course it crosses superficial to the left internal mammary, subclavian and 
common carotid arteries, the left phrenic and vagus nerves, the trachea and 
the innominate artery. The arch of the aorta lies below the vessel. 

Its tributaries are the left vertebral, left internal mammary, left inferior 
thyroid, and left superior intercostal veins, sometimes the first left posterior 
intercostal vein and occasionally some thymic and pericardial veins. 

Peculiarities . — Sometimes the iimominate veins open separately into the right atrium ; 
in such cases the right vein takes the ordinary course of the superior vena cava ; the left 
vein — left superior vena cava, as it is then termed — ^which may communicate by a small 
branch with the right one, crosses the left side of the arch of the aorta, passes in front of the 
root of the left lung, and, turnmg to the back of the heart, ends in the right atrium. It 
replaces the oblique vein of the left atrium and the coronary smus and receives all the 
tributaries of the latter vessel. This occasional condition in the adult is due to the persist- 
ence of the early foetal condition (p. 158), and is the normal condition in birds and some 
mammals. 

The left innominate vein sometimes projects above the level of the manubrium stemi, 
crossing the suprasternal fossa, and lying in front of the trachea. 

The internal mammary veins (figs. 719, 783) are vense comitantes to the 
lower half of the internal mammary artery, and are provided with a number of 
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vessel which runs downwards across the aortic arch and behind the left pulm- 
onary artery to enter the ligament of the left vena cava (p. 669). Gaining the 
dorsal aspect of the left atrium this small vessel becomes continuous with the 
oblique vein. 

The superior vena cava (figs. 695, 696, 697, 699) drains the blood from the 
upper half of the body. It measures about 7 cm. in length, is formed by the 
junction of the two innominate veins, and is devoid of valves. It begins behind 
the cartilage of the right first rib close to the sternum, and, descending vertic- 
ally behind the first and second intercostal spaces, ends in the upper part of 
the right atrium opposite the third right costal cartilage ; the lower half of 
the vessel is within the fibrous pericardium, which it pierces at the level of the 
second costal cartilage, and is covered in front and on its sides with the serous 
pericardium. In its course it describes a sHght curve, the convexity of which 
is to the right side. 

Relations . — In front, the superior vena cava is related to the anterior 
margins of the right lung and pleura with the pericardium intervening below ; 
these separate it from the internal mammary artery, and the first and second 
intercostal spaces, and from the second and third costal cartilages ; the trachea 
and the right vagus nerve are posteromedial and the right lung and pleura 
posterolateral to its upper part, while the root of the right lung is a direct 
posterior relation below. On its right side, it is related to the right phrenic 
nerve and right pleura ; on its left side, to the commencement of the innominate 
artery and the ascending aorta, the latter overlapping it. 

Tributaries. — ^The superior vena cava receives the azygos vein and several 
small veins from the pericardium and other structures in the mediastinum. 

The azygos vein * (fig. 785) is inconstant in its mode of origin. On morpho- 
logical grounds it may be expected to arise from the posterior aspect of the 
inferior vena cava, at or below the level of the renal veins. Such a vein {lumbar 
azygos) is very frequently present and ascends in front of the upper lumbar 
vertebrae. It may pass deep to the lateral border of the right crus of the 
diaphragm, or it may pierce the crus, or it may occasionally pass through 
the aortic opening of the diaphragm, on the right side of the cisterna chyli. 
In front of the body of the twelfth thoracic vertebra, it is joined by a large 
vessel which, formed by the union of the right ascending lumbar with the 
right subcostal vein, passes forwards on the right side of the body of the 
twelfth thoracic vertebra under cover of the right crus of the diaphragm. This 
common trunk may, in the absence of a lumbar azygos vein, form the azygos 
vein. Whatever its mode of origin, the azygos vein ascends in the posterior 
mediastinum to the level of the fourth thoracic vertebra where it arches forward 
over the root of the right lung, and ends in the superior vena cava, just before 
that vessel pierces the pericar^um. In its course it lies in front of the bodies 
of the lower eight thdracic vertebrae, the anterior longitudinal ligament, and the 
right posterior (aortic) intercostal arteries. On its right side are the greater 
splanchnic nerve, the right lung and pleura ; on its left side, throughout the 
greater part of its course, are the thoracic duct and aorta, and higher up, where 
it arches forward above the root of the right lung, the oesophagus, trachea and 
right vagus. In the lower part of the thorax it is covered anteriorly by a recess 
of the right pleural sac and by the oesophagus, but it emerges from behind the 
right edge of the latter and ascends behind the hilum of the right lung. 

Tributaries. — It receives the posterior intercostal veins of the right side, 
with the exception of the vein from the first intercostal space ; the veins from 
the second, third and fourth intercostal spaces open by a common stem called 
the right superior intercostal vein. It receives also the superior and inferior 
hemiazygos veins, several oesophageal, mediastinal, and pericardial veins, and, 
near its termination, the right bronchial veins. When it begins as a lumbar 
azygos vein, the common trunk formed by the union of the right ascending 
lumbar and subcostal veins is its largest tributary. A few imperfect valves are 
found in the azygos vein ; but its tributaries are provided with complete valves. 

The inferior hemiazygos vein* (hemiazygos vein) (fig. 784) arises on the 
left side in a manner corresponding to the origin of the azygos vein on the right 

* The arrangement of the rootlets of the azygos and hemiazygos veins is subject to a 
wide range of variation. See R. J. Gladstone, Journal of Anatomy, vol. Ixiv. 1929. 
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side and, ascending on the front of the vertebral column as high as the eighth 
thoracic vertebra, passes across the column, behind the aorta, oesophagus, and 

Fig. 784. — ^The azygos, hemiazygos and ascending lumbar veins, their tributaries 

and connexions. 
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terminating in the ascending lumbar vein, 
but its occasional temunation m the lumbar azygos vein, is indicated as well, 

thoracic duct, to end in the azygos vein. It receives the lower three posterior 
intercostal veins and the common trunk formed by the union of the ascending 
lumbar and the subcostal veins of the left side, and some oesophageal and 
mediastinal veins. 
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The superior hemiazygos vein (accessory hemiazygos vein) (fig, 784) 
descends on the left side of the vertebral column. It receives the veins from 
the fourth (or fifth) to the eighth intercostal spaces inclusive, and sometimes 
the left bronchial veins. It crosses the body of the seventh thoracic vertebra 
and joius the azygos vein. The superior hemiazygos vein sometimes joins the 
inferior hemiazygos vein, and the common trunk thus formed opens into the 
azygos vein. 

Fig. 785. — The mediastinum, dissected from the right side. 
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A portion of the pericardial sac has been removed in order to expose the lateral aspect of the 
right atrium. 

In this specimen the fourth right posterior intercostal vein did not join the superior intercostal 
vein, the oesophagus was somewhat dilated and an unusually large extent of the descending 
thoracic aorta was visible from the right side. 


The posterior intercostal veins (figs. 737, 784, 785) run with the posterior 
(aortic) intercostal arteries and are eleven in number on each side. As they 
approach the vertebral column each vein receives a tributary which accompanies 
the posterior branch of the corresponding artery and returns blood from the 
muscles and skin of the back and from the vertebral venous plexuses. 

On both sides of the thorax the first posterior intercostal vein ascends in 
front of the neck of the first rib and, arching forwards above the pleura, ends 
in the corresponding innominate or vertebral vein. 

On the right side the second, third and, often, the fourth posterior intercostal 
veins unite to form the rigM mjperior intercostal vein, which joins the terminal 
part of the azygos vein. The veins from the intercostal spaces below the fourth 
open separately into the vena azygos. 
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On the left side the second and third (and sometimes the fourth) posterior 
intercostal veins unite to form the left superior intercostal vein (p. 826). The 
veins from the fourth (or fifth) to the eighth intercostal spaces inclusive end 
in the superior hemiazygos vein, and the veins from the lower three spaces 
in the inferior hemiazygos vein. 

The posterior intercostal veins are called ‘ posterior ’ to distinguish them 
from the small anterior intercostal veins, which are tributaries of the internal 
mammary and musculophrenic veins. 

Applied Anatomy . — ^In obstruction of the ‘superior vena cava, the azygos and hemi- 
azygos veins are one of the principal means by which the venous circulation is carried on, 
connecting, as they do, the superior and inferior vense cavae, and communicating with the 
common iliac veins by the ascending lumbar veins, and with many of the tributaries of 
the inferior vena cava. 

The bronchial veins, usually two on each side, return the blood from the 
larger bronchi, and from the structures at the roots of the lungs. The bronchial 
veins of the right side open into the terminal part of the vena azygos ; those 
of the left side, into the left superior intercostal vein or the superior hemiazygos 
vein. Some of the blood carried to the lungs through the bronchial arteries is 
returned to the heart through the pulmonary veins. 


The Veins or the Vertebral Column (figs. 786, 787) 

The veins of the vertebral column form intricate plexuses extending along 
the entire length of the column ; these plexuses are divisible into two groups, 
termed external and internal, according to their positions outside or inside the 
vertebral canal. The plexuses of the two groups anastomose freely with each 
other, and end in the intervertebral veins. 

The external vertebral venous plexuses, best marked in the cervical region, 
consist of anterior and posterior plexuses, which anastomose freely with each 
other. The anterior external plexuses Me in front of the bodies of the vertebrae, 
communicate with the basivertebral and intervertebral veins, and receive 
tributaries from the vertebral bodies. The posterior external plexuses are placed 
on the posterior surfaces of the laminae and around the spines and the trans- 
verse and articular processes. They anastomose with the internal vertebral 
venous plexuses, and end in the vertebral, posterior intercostal and lumbar 
veins. 

The internal vertebral venous plexuses lie within the vertebral canal between 
the dura mater and the vertebrae, and receive tributaries from the bones and 
from the spinal cord. They form a closer network than the external plexuses, 
and, running mainly in a vertical direction, form four longitudinal veins, two 
in front and two behind ; they therefore may be divided into anterior and 
posterior groups. The anterior internal plexuses consist of large veins which lie 
on the posterior surfaces of the vertebral bodies and intervertebral discs, on 
each side of the posterior longitudinal ligament ; under cover of this ligament 
they are connected by transverse branches into which the basivertebral 
veins open. The posterior internal pleomses are placed one on each side of 
the meian plane in front of the vertebral arches and ligamenta flava, and 
anastomose, by veins passing through those ligaments, with the posterior 
external plexuses. 

The anterior and posterior internal plexuses communicate freely with one 
another by a series of venous rings, one opposite each vertebra. Around the 
foramen magnum they form an intricate network, which opens into the vertebral 
veins and is connected above with the occipital and sigmoid sinuses, the net- 
work of basilar sinuses, and with the anterior and posterior condylar emissary 
veins. 

The basivertebral veins emerge from the foramina on the posterior surfaces 
of the vertebral bodies. They are contained in large, tortuous channels in the 
substance of the bones, similar in every respect to those found in the diploe of 
the cranial bones. They' communicate with the anterior external vertebral 
plexuses through small openings on the front and sides of the bodies of the 
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vertebrae, and converge behind to form single (sometimes double) veins, which 
open by valved orifices into the transverse branches uniting the anterior internal 
vertebral plexuses. The basivertebral veins become enlarged in advanced age. 


Fig. 7 86. — A transverse section through a thoracic vertebra, showing the 
vertebral venous plexuses. 

Posterior external plexuses 



The intervertebral veins accompany the spinal nerves through the inter- 
vertebral foramina ; they receive veins from the spinal cord, drain the internal 
and external vertebral plexuses and end in the vertebral, posterior intercostal, 
lumbar and lateral sacral veins, their orifices being provided with valves. 

The veins of the spinal cord are situated in the pia mater and form a tortuous 
venous plexus in this membrane. In this plexus there are : {a) two median 


Fig. 787. — A median sagittal section through two thoracic vertebrae, showing the 
vertebral venous plexuses. 



longitudinal veins, one in front of the anterior median fissure, and the other 
behind the posterior septum of the spinal cord ; and (6) two anterolateral 
and two posterolateral longitudinal veins, which run behind the anterior and 
the posterior nerve-roots respectively. They communicate with the internal 
vertebral venous plexuses, and with the intervertebral veins. Near the base 
of the skull they unite to form two or three small trunks, which communicate 
with the vertebral veins, and end in the inferior cerebellar veins, or in the 
inferior petrosal sinuses. 
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THE VEINS OF THE LOWER LIMB, ABDOMEN AND PELVIS 

The veins of the lower limb are subdivided, like those of the upper hmb, 
into two sets, superficial and deep : the superficial veins are placed immediately 
under the skin in the superficial fascia ; the deep veins accompany the arteries. 
Both sets are provided with valves, which are more numerous in the deep than 
in the superficial veins. Valves are more plentiful in the veins of the lower than 
in those of the upper limb. 


The Superficial Veins of the Lower Limb 

The superficial veins of the lower limb are the long and short saphenous 
veins and their tributaries. 

The dorsal digital veins receive, in the clefts between the toes, communic- 
atipns from the plantar digital veins, and then join to form dorsal metatarsal 
veins, which unite across the distal ends of the metatarsal bones in a dorsal 
venous arch. Proximal to this arch there is an irregular dorsal venous network, 
which receives tributaries from the deep veins and is continuous with the venous 
network on the front of the leg. At the sides of the foot this network commun- 
icates with a medial and a lateral rmrginal vein, both of which are formed mainly 
by the union of veins from the superficial parts of the sole of the foot. 

On the sole of the foot the superficial veins form a plantar cutaneous venous 
arch, which extends across the roots of the toes and opens at the sides of the 
foot into the medial and lateral marginal veins. Proximal to this arch there is 
a plantar cutaneous venous network, which is especially dense in the fat beneath 
the heel ; this network communicates with the plantar cutaneous venous arch 
and with the deep veins, but is chiefly drained into the medial and lateral 
marginal veins. 

The long saphenous vein (great saphenous vein) (fig. 788), the longest vein 
in the body, begins in the medial marginal vein of the foot, and ends in the 
femoral vein about 3 cm. below the inguinal ligament. It ascends in front of 
the tibial malleolus and runs upwards, crossing the medial surface of the tibia 
obliquely to gain its medial border, along which it ascends to the knee. It runs 
upwards on the posterior parts of the medial condyles of the tibia and femur 
and along the medial side of the thigh and, passing through the saphenous 
opening (fossa ovahs) (p. 624), ends in the femoral vein. In the thigh it is 
accompanied by some branches of the medial femoral cutaneous nerve, at the 
knee by the saphenous branch of the descending genicular artery, and in the 
leg and foot by the saphenous nerve, which is placed in front of the vein. The 
long saphenous vein is often duplicated, especially below the knee. The 
valves in it number from ten to twenty and are more numerous in the leg than 
in the thigh. 

Tributaries. — At the ankle it receives vems from the sole of the foot through 
the medial marginal vein ; in the leg it communicates freely with the short 
saphenous vein and with the anterior and posterior tibial veins, and receives 
many cutaneous veins ; in the thigh it receives numerous tributaries ; those 
from the medial and posterior parts of the thigh frequently unite to form a 
large accessory saphenous vein, which joins the main vein at a variable level. 
Near the saphenous opening (fig. 788) it is joined by the superficial epigastric, 
superficial circumflex iliac and external pudendal veins. The superficial epi- 
gastric and superficial circumflex iliac veins drain the lower part of the abdomin- 
al wall, the latter vein also receiving tributaries from the upper and lateral 
parts of the thigh ; the external pudendal veins drain part of the scrotum and 
one is joined by the superficial dorsal vein of the penis. 

A vein, named the thoraco-epigastric, runs along the anterolateral wall of 
the trunk, connecting the superficial epigastric vein, or the femoral vein, with 
the lateral thoracic veins and establishing a communication between the femoral 
and axillary veins. The importance of this communication lies in the fact that 
it serves as a connecting channel between the superior and the inferior vena 
caval fields of drainage. ‘ 
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Fig. 788. — The long saphenous vein 
and its tributaries. 
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The short saphenous vein (small saphenous vein) (fig. 789) begins behind the 
lateral malleolus as a continuation of the lateral marginal vein of the foot ; 
it first ascends on the lateral border of the 
tendo calcaneus, and then along the middle 
of the back of the leg. It perforates the 
deep fascia in the lower part of the popliteal 
fossa, and ends in the popliteal vein from 3 to 
7*5 cm. above the level of the knee-joint. It 
communicates with the deep veins on the 
dorsum of the foot, receives numerous tribu- 
taries from the back of the leg, and sends 
several branches upwards and medially to 
join the long saphenous vein. In the leg the 
vein is in close relation with the sural nerve. 

The short saphenous vein possesses from 
seven to thirteen valves, one of which is found 
near its termination in the popliteal vein. 

The mode of ending of the short saphenous 
vein is subject to considerable variations. It may- 
join the long saphenous vein in the upper one-third 
of the thigh, or may divide into two branches, one 
of which joins the long saphenous vein, the other 
the popliteal vein or the deep posterior veins of the 
thigh; occasionally it ends, below the level of 
the knee-joint, in the long saphenous vein or in the 
deep muscular veins of the caK.* 

Applied Anatomy . — varicose condition is more 
frequently met with in the saphenous veins than in 
the other veins of the body, except perhaps the 
testicular and rectal vems. The main cause of this 
is the high blood-pressure, determined chiefly by 
the erect position, and the length of the column of 
blood, which has to be propelled in an uphill direct- 
ion. In normal vessels there is only just sufficient 
force to perform this task ; and in those cases where 
there is diminished resistance of the walls of the 
veins, these vessels are liable to dilate and a 
varicose condition is set up. Increased blood- 
pressure in the veins, caused by any obstacle to the 
return of the venous blood, such as the pressure of 
a tumour, or the gravid uterus, or tight gartering, 
may also produce varix. In the normal condition 
of the veins, the valves in their interior break up 
the column of blood into a number of smaller 
columns, and so to a considerable extent mitigate 
the ill effects of the erect position ; but when the 
dilatation of the veins has reached a certain limit, 
the valves become incapable of supporting the 
overlying column of blood, and the pressure is 
increased, tending to emphasise also the varicose 
condition. 

Excision of portions of the dilated veins, with 
or without ligature of the long saphenous vein at a 
higher level, used to be practised for this con- 
dition. The modern method of treatment f aims 
at obliteration of the vessels concerned by the in- 
jection into them of chemical irritants, such as 
quinine hydrochloride or salicylic acid. A short 
length of vein is temporarily occluded and a 
few c.cs. of the material injected. A non- 
suppurative phlebitis ensues, which is followed by permanent fibrosis of the vessel. Since 
the flow of blood in these veins tends to be reversed, there is no fear of embolism. 


I';: 
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* Consult an article by C. Kosinski, Proceedings of the Anatomical Society of Great Britain 
and Ireland^ February, 1925. 

t Sicard and Gangier, La Presse Medicate^ June, 1926. 
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The Deep Veins of the Loweb Extremity 
The deep veins of the lower extremity accompany the arteries and their 
branches ; they possess numerous valves. 

The plantar digital veins arise from plexuses on the plantar surfaces of the 
digits, and, after sending communications to join the dorsal digital veins, unite 
to form four plantar metatarsal veins ; these run backwards in the metatarsal 
spaces, communicate, by means of perforating veins, with the veins on the 
dorsum of the foot, and unite to form the deep plantar 
Fig. 789.~-The short venous arch, which lies alongside the plantar arterial arch, 
saphenous vein. Erom the deep plantar venous arch the medial and 
lateral plantar veins run backwards close to the cor- 
responding arteries and, after communicating with the 
long and short saphenous veins, unite behind the medial 
malleolus to form the posterior tibial veins. 

The posterior tibial veins accompany the posterior 
tibial artery, and are joined by the peroneal veins. 

The anterior tibial veins are the upward continuations 
of the venae comitantes of the dorsahs pedis artery. They 
leave the front of the leg by passing between the tibia 
and fibula, through the upper part of the interosseous 
membrane of the leg, and unite with the posterior tibial 
veins to form the popliteal vein. 

The popliteal vein, formed by the junction of the 
anterior and posterior tibial veins at the lower border 
of the Popliteus, ascends through the popohteal fossa to 
the aperture in the Adductor magnus, where it becomes 
the femoral vein. In the lower part of its course it is 
medial to the pophteal artery ; between the heads of the 
Gastrocnemius it is superficial to it ; above the knee-joint 
it is posterolateral to it. Its tributaries are the short 
saphenous vem and the veins corresponding to the 
branches of the popliteal artery. There are usually four 
valves in the popliteal vein. 

The femoral vein accompanies the femoral artery, be- 
ginning at the opening in the Adductor magnus, as the 
continuation of the popliteal vein, and ending at the 
level of the inguinal ligament, by becoming the external 
iliac vein. In the lower part of the subsartorial (adductor) 
canal it is posterolateral to the femoral artery ; in the 
upper part of the canal, and in the lower part of the 
femoral triangle, it is behind the artery. At the base of 
the femoral triangle it is medial to the artery (figs. 755, 
758) ; here it occupies the middle compartment of the 
femoral sheath, and is placed between the femoral artery 
and the femoral canal. It receives numerous muscular 
tributaries, and about 4 cm. below the inguinal ligament 
is joined on its posterior aspect by the vena profunda 
femoris, and a little higher by the long saphenous vein, which enters its 
anterior aspect. In addition, it usually receives the lateral and medial circum- 
fiex femoral veins. A valve, which may be single or double, is placed at the 
upper end of the femoral vein, and another is usually present above the opening 
of its profunda femoris tributary. 

The vena profunda femoris usually lies superficial to the profunda femoris 
artery ; it receives tributaries corresponding to the muscular and perforating 
branches of that artery, and through these establishes communications with 
the popliteal vein below and the inferior gluteal vein above. It sometimes 
receives the medial and lateral circumflex femoral veins. 

The Veins of the Abdomen and Pelvis (figs. 738, 790) 

The external iliac vein, the upward continuation of the femoral vein, begins 
behind the inguinal ligament, and ascends along the brim of the true pelvis. 
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to a point opposite the sacro-iliac joint, where it unites with the internal iliac 
(hypogastric) vein to form the common iliac vein. On the right side, it lies at 
first medial to the artery ; but, as it passes upwards, gradually inclines behind 
it. On the left side, it lies altogether on the medial side of the artery. On its 
medial aspect, it is crossed by the vas deferens (ductus deferens), in the male, 
the ureter and the internal iliac artery ; elsewhere it is covered with peritoneum. 
In the female it is crossed by the round ligament of the uterus and the ovarian 
vessels. Posteriorly it is related to the obturator nerve and, laterally to the 
Psoas major muscle, except where the external iliac artery intervenes- It 
frequently contains one, sometimes two, valves. 

Tributaries. — It receives the inferior epigastric, deep circumflex iliac and 
pubic veins. 

The inferior epigastric vein is formed by the union of the venae comitantes 
of the inferior epigastric artery, which communicate above with the superior 
epigastric vein ; it joins the external iliac vein about 1 cm. above the inguinal 
ligament. 

The deep circumflex iliac vein is formed by the union of the venae comitantes 
of the deep circumflex iliac artery, and joins the external ihac vein about 2 cm. 
above the inguinal ligament after crossing in front of the external iliac artery. 

The pubic vein, which connects the external iliac with the obturator vein 
in the obturator foramen, ascends on the pelvic surface of the pubis alongside 
the pubic branch of the inferior epigastric artery. It is frequently enlarged 
and replaces the normal obturator vein. 

The internal iliac vein (hypogastric vein) begins near the upper part of the 
greater sciatic foramen, ascends behind and slightly medial to the internal 
iliac artery, and, at the brim of the pelvis, joins with the external iliac vein to 
form the common iliac vein. It lies in front of the lower part of the sacro- 
iliac joint and is covered with peritoneum on its anteromedial aspect. 

Tributaries. — ^With the exception of the iliolumbar vein, which usually joins 
the common iliac vein, the tributaries of the internal iliac vein correspond with 
the branches of the internal iliac artery. It receives (a) the gluteal, internal 
pudendal, and obturator veins, which have their origins outside the pelvis ; 
(6) the lateral sacral veins, which lie in front of the sacrum ; and (c) the middle 
rectal, the vesical, uterine, and vaginal veins, which originate in venous plexuses 
connected with the pelvis viscera. 

1. The superior gluteal veins are the venae comitantes of the superior gluteal 
artery ; they receive tributaries from the buttock corresponding with the 
branches of the artery, enter the pelvis through the greater sciatic foramen, 
above the Piriformis, and end in the internal ihac vein ; they frequently unite 
to form a single trunk before ending in this vein. 

2. The inferior gluteal veins are the venae comitantes of the inferior gluteal 
artery ; they begin on the upper part of the back of the thigh, where they 
anastomose with the medial circumflex femoral and first perforating veins ; 
they enter the pelvis through the lower part of the greater sciatic foramen 
and join to form a stem which opens into the lower part of the internal iliac vein. 

3. The internal pudendal veins are the venae comitantes of the internal 
pudendal artery. They begin in the prostatic venous plexus (p. 836), accompany 
the internal pudendal artery, and unite to form a single vessel, which ends in 
the internal iliac vein. They receive the veins from the bulb of the penis, 
and the scrotal or labial and inferior rectal vdns. The deep dorsal vein of the 
penis and the dorsal vein of the clitoris communicate with the internal pudendal 
veins, but end mainly in the prostatic plexus. 

4. The obturator vein begins in the upper portion of the adductor region of 
the thigh, and enters the pelvis through the upper part of the obturator foramen. 
It runs backwards and upwards on the lateral wall of the pelvis below the 
obturator artery and lateral to the peritoneum ; it passes between the ureter 
and the internal iliac artery, and ends in the internal ihac vein. Sometimes it 
is replaced by an enlarged pubic vein, which joins the external ihac vein. 

5. The lateral sacrsd veins accompany the lateral sacral arteries and end in 
the internal ihac vein. 

6. The middle rectal vein (middle hsemorrhoidal vein) varies in size ; it 
begins in the rectal venous plexus, and receives tributaries from the bladder, 
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prostate and seminal vesicle ; it runs laterally on the pelvic surface of the 
Levator ani and ends in the internal iliac vein. 

The rectal venous plexus (hsemorrhoidal plexus) surrounds the rectum, and 
communicates in front with the vesical plexus in the male, and the uterovaginal 
plexus in the female. It consists of two parts, an internal in the submucosa, and 
an external outside the muscular coat of the rectum and anal canal. The internal 


Fig. 790. — ^The veins of the right half of the male pelvis. (Spalteholz.) 
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plexus presents a series of dilated pouches, connected by transverse branches, 
winch are arranged in a circle around the tube, immediately above the anal 
orifice. It drains mainly into the superior rectal vein but communicates freely 
with the external plexus. The lower part of the external plexus is drained by 
the inferior rectal veins into the internal pudendal vein ; the middle part by 
the middle rectal vein into the internal iliac vein ; and the upper part by the 
superior rectal vein, which forms the commencement of the inferior mesen- 
teric vein, a tributary of the portal vein. A free communication between 
the portal and systemic venous systems is established through the rectal 
plexus. 

The prostatic venous plexus (pudendal plexus) hes behind the inferior pubic 
ligament and the lower part of the symphysis pubis, and in front of the bladder 
and prostate. Its chief tributary is the deep dorsal vein of the penis, but it 
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also receives tributaries from the front of the bladder and prostate. It com- 
municates "with the vesical plexus and with the internal pudendal vein, and 
drains into the vesical and internal iliac veins. The prostatic mins form a 
well-marked plexus, which lies partly in the fascial sheath of the prostate and 
partly between the sheath and the prostatic capsule ; they communicate with 
the prostatic and vesical plexuses. 

The vesical plexus envelops the lower part of the bladder and, in the male, 
the base of the prostate. It communicates with the prostatic plexus in the 
male, and with the vaginal plexus in the female. It is drained, by means of 
several vesical veins, into the internal iliac veins. 

Applied Amtomy, — ^The veins of the rectal plexus are apt to become dilated and varicose, 
and form piles. This is due to several anatomical reasons : the vessels are contained in 
very loose connective tissue, so that they get less support from surrounding structures than 
most other veins, and are less capable of resisting increased blood-pressure ; the condition 
is favoured by the fact that the superior rectal and portal veins have no valves ; the veins 
pass through muscular tissue and are liable to be compressed by its contraction, especially 
during the act of defsecation ; they are affected by every form of portal obstruction. 

The dorsal veins of the penis are two in number, a superficial and a deep : 
The superficial dorsal vein drains the prepuce and skin of the penis, and, running 
backwards in the subcutaneous tissue, inclines to the right or left, and opens 
into the corresponding external pudendal vein, a tributary of the long saphenous 
vein. The deep dorsal vein lies within the fibrous envelope of the penis ; it 
receives blood from the glans penis and corpora cavernosa penis, and courses 
backwards in the median plane between the dorsal arteries ; near the root of „ 
the penis it passes between the two parts of the suspensory ligament and then 
through an aperture between the inferior pubic hgament and the anterior 
margin of the perineal membrane, and divides into two branches, which enter 
the prostatic plexus. It also communicates below the symphysis pubis with 
the internal pudendal vein. The dorsal vein of the clitoris^ after a similar course 
to that of the deep dorsal vein of the penis, ends in the vesical plexus. 

The uterine plexuses lie along the sides and superior angles of the uterus 
between the two layers of the broad ligament, and communicate with the ovarian 
and vaginal plexuses. They are drained by a pair of uterine veins on each side ; 
these arise from the lower parts of the plexuses, opposite the external os of 
the uterus, and open into the correspondmg internal iliac vein. 

The vaginal plexuses are placed at the sides of the vagina ; they commun- 
icate with the uterine, vesical and rectal 'plexuses, and are drained by the 
vaginal veins, one on each side, into the internal iliac veins. 

The common iliac veins (fig. 790) are formed by the union of the external 
and internal iliac veins, in front of the sacro-iliac joint ; passing obliquely 
upwards they end on the right side of the fifth lumbar vertebra by uniting with 
each other at an acute angle to form the inferior vena cava. The right common 
iliac vein, shorter than the left, is nearly vertical in its direction, and ascends 
behind, and then lateral to its artery. The right obturator nerve passes behind 
it obliquely, as it runs downwards and forwards to the obturator foramen. 
The left common iliac vein, longer and more oblique than the right, is at first 
situated ou the medial side of its artery, and then behind the right common 
niac artery. It is crossed anteriorly by the root of the pelvic mesocolon and 
the superior rectal vessels. In the rest of its course it is covered with peritoneum. 
Each common iliac vein receives the iliolumbar, and sometimes the lateral 
sacral veins ; the left vein receives the median sacral vein. There are no valves 
in these veins. 

The median sacral veins (middle sacral veins) accompany the corresponding 
artery along the front of the sacrum, and join to form a single vein, which 
usually ends in the left common iliac vein, but sometimes in the angle of 
junction of the two common iliac veins. 

Peculiarities . — ^The left common iliac vein, instead of joining with the right in its usual 
position, occasionally ascends on the left side of the aorta as high as the kidney, where, 
after receiving the left renal vein, it crosses the aorta, and joins the right vein to form the 
vena cava. In such oases the anomalous vessel represents the persistent caudal half of 
the posterior cardinal or of the supracardinal vein of the left side. 
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The inferior vena cava (figs. 738, 790) conveys the blood from the parts 
below the Diaphragm to the right atrium of the heart. It is formed by the 
junction of the two common iliac veins, in front of the body of the fifth lumbar 
vertebra, a little to the right of the median plane. It ascends in front of the 
vertebral column, on the right side of the aorta, and, having reached the liver, 
is contained in a deep, groove on its posterior surface — a groove which is occas- 
ionally converted into a tunnel by a band of liver substance. It then perforates 
the Diaphragm between the median and right portions of its central tendon, 
inclining slightly forwards and medially. After piercing the fibrous pericardium, 
it passes behind the serous pericardium to open into the lower aiid posterior 
part of the right atrium. In front and to the left of its atrial orifice there is a 
semilunar valve, termed the valve of the inferior vena cava ; this valve is rud- 
imentary in the adult, but is of large size and exercises an important function 
in the foetus (p. 674). The trunk of the inferior vena cava is devoid of valves. 

Relations of the abdominal portion. — Anteriorly the inferior vena cava is 
overlapped at its commencement by the right common iliac artery and is 
covered, below the third part of the duodenum, with the posterior parietal 
peritoneum. It is crossed obliquely by the root of the mesentery and its 
contained vessels, and by the right testicular artery and, sometimes, trans- 
versely by the right colic artery. Passing behind the third part of the duo- 
denum, it loses its peritoneal covering and ascends behind the head of the 
pancreas and then behind the first part of the duodenum, from which it is 
separated by the bile duct and the portal vein. Above the duodenum it is again 
covered for a short distance with peritoneum and lies in the posterior wall of 
the aditus to the lesser sac (epiploic foramen) (figs. 1162 and 1164), by which 
it is separated from the right free border of the lesser omentum and its contents. 
Above this level it is covered by the liver. 

Posteriorly^ in its lower part, the inferior vena cava lies on the bodies of the 
lower three lumbar vertebrae and the anterior longitudinal ligament, the right 
Psoas major and the right sympathetic trunk, while the third and fourth 
right lumbar arteries pass deep to its medial border. In its upper part, it 
hes on the right crus of the Diaphragm, from which it is partially separated 
by the medial part of the right suprarenal gland and the right coehac ganglion, 
and the right renal, suprarenal and phrenic arteries, which cross behind it. 

On its right side the inferior vena cava is related to the right ureter — ^with 
which, however, it is not in immediate contact — the second part of the duo- 
denum, the medial border of the right kidney and the right lobe of the liver. 

On its left side it is related to the aorta, below, and to the right crus of the 
Diaphragm and the caudate lobe of the liver above. 

Relations of the thoracic portion. — ^This part of the inferior vena cava is very 
short, and is situated partly inside and partly outside the pericardial sac. The 
extrapericardial part is separated from the right pleura and lung by the right 
phrenic nerve. The intrapericardial part is covered on the front and sides by 
the serous layer of the pericardium. 

Peculiarities , — ^Numerous anomalies of the inferior vena cava have been recorded and 
are attributable to arrests or errors in the complicated series of developmental changes 
which result in its formation. The vessel is sometimes represented, below the level of the 
renal veins, by two, more or less symmetrical veins. The condition is often associated 
with failure of the cross anastomosis connecting the two common iliac veins and is due to 
persistence on the left side of the body of one of the longitudinal channels (usually supra- or 
subcardinal) which normally disappear in early foetal life (p. 157). In complete trans- 
position of the viscera, the inferior vena cava lies to the left side of the aorta. 

Applied Anatomy , — ^Thrombosis of the inferior vena cava is due to much the same 
causes as thrombosis of the superior vena cava. It usually causes oedema of the legs and 
back, without ascites ; if the renal veins are involved, blood and albumin will often appear 
in the urine. An extensive collateral venous circulation is soon established by enlargement 
either of the superficial or of the deep veins, or of both. In the first case the epigastric, 
the circumflex ibac, the lateral thoracic, thoraco-epigastric (p. 832), the internal mammary, 
the posterior intercostals, the external pudendal and the lumbovertebral anastomotic veins 
eflect the communication with the superior vena cava ; in the second, the deep anastomosis 
is made by the azygos and hemiazygos and the lumbar veins.* 

* G-. Blumer, in Osier and McCrae’s System of Medicine, London, 1908, vol. iv. 
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Tributaries. — In addition to the two common iliac veins the inferior vena 
cava receives the following veins : 

Lumbar. Renal. Inferior phrenic. 

Right testicular or ovarian. Right suprarenal. Hepatic. 

The lumbar veins, four in number on each side, collect the blood by dorsal 
tributaries from the muscles and skin of the loins, and by abdominal tributaries 
from the walls of the abdomen, where they communicate with the epigastric 
veins. At the vertebral column they receive veins from the vertebral plexuses, 
and they are connected with one another in this situation by the ascending lum- 
bar vein — a longitudinal vessel placed in front of the roots of the transverse pro- 
cesses of the lumbar vertebrae. The third and fourth lumbar veins pass forwards 
on the sides of the bodies of the corresponding vertebrae and enter the posterior 
aspect of the inferior vena cava. Those of the left side pass behind the abdom- 
inal aorta and are longer than those of the right side. The first and second 
lumbar veins may end in the inferior vena cava or they may end in the ascending 
lumbar or lumbar azygos veins*. As a rule, the first lumbar vein does not pass 
directly into the inferior vena cava. It may turn downwards to join the 
second and so open into it indirectly, but more frequently it ends in the 
ascending lumbar vein or passes forwards over the side of the body of the first 
lumbar vertebra and terminates in the lumbar azygos vein (p. 827). The second 
lumbar vein may join the inferior vena cava at or below the level of the renal 
veins. Sometimes it joins the third lumbar vein or it may terminate in the 
ascending lumbar vein. The first and second lumbar veins are frequently 
connected to each other, to the vessels of the opposite side, and to the right 
and left lumbar azygos veins by a plexiform network which lies on the bodies 
of the upper lumbar vertebrae. 

The ascending lumbar vein is a longitudinal vessel which connects the 
common iliac, iliolumbar and lumbar veins. It is placed deeply under cover 
of the Psoas major and in front of the roots of the transverse processes of the 
lumbar vertebrae. At its upper end it joins the subcostal vein, and the trunk 
so formed turns forwards over the side of the body of the twelfth thoracic 
vertebra and, passing deep to the crus of the Diaphragm, ascends in the thorax 
as the azygos vein, on the right side, and as the inferior hemiazygos vein, on 
the left side. There is an angled bend on the vessel as it turns upwards, and it 
is usually joined at this point by a small vessel which springs from the back of 
the inferior vena cava (or from the left renal vein, on the left side). This 
little vessel represents the azygos line (p. 156), and has already been described 
as the lumbar azygos vein. Not infrequently the ascending lumbar vein ends 
in the first lumbar vein, which then turns forwards over the side of the first 
lumbar vertebra in company with the first lumbar artery and joins the lumbar 
azygos vein. In this case the subcostal vein joins the azygos vein (inferior 
hemiazygos vein, on the left side). 

The testicular veins (spermatic veins) (fig. 738) emerge from the back of the 
testis, and receive tributaries from the epididymis ; they unite and form a 
convoluted plexus, called the pampiniform plexus, which constitutes the chief 
mass of the spermatic cord and ascends along the cord, in front of the vas 
deferens. Below the superficial inguinal ring (subcutaneous inguinal ring) the 
veins of the plexus unite to form three or four veins, which pass along the 
inguinal canal, and, entering the abdomen through the deep inguinal ring 
(abdominal inguinal ring), coalesce to form two veins, which run upwards in 
front of the Psoas major and the ureter, behind the peritoneum, lying one on 
each side of the testicular artery. These two veins join to form a single vessel, 
which on the right side opens into the inferior vena cava at an acute angle a 
httle below the level of the renal veins ; on the left side it opens into the left renal 
vein at a right angle. The testicular veins are provided with valves.* The left 
vein passes behind the lower part of the descending colon and the lower margin 

* Bivington has pointed out that valves are usually found at the orifices of both the 
right and left testicular veins. When, however, valves are not found at the opening of the 
left testicular vein into the left renal vein, they are generally present in the left renal vein 
within 6 mm. from the orifice of the testicular vein . — Journal of Anatomy and Physiology, 
vol. vii. p. 163. 
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of the pancreas and is crossed by the left colic vessels ; the right passes behind 
the terminal part of the ileum and the third part of the duodenum and is 
crossed by the root of the mesentery, the ileocolic and the right colic vessels. 

Applied Anatomy. The testicular veins are very frequently varicose, constituting the 
condition known as varicocde. Varicocele almost invariably occurs on the left side, and 
this has been accounted for by the facts that the left testicular vein joins the left renal at 
a right angle ; that it is overlaid by the lower part of the descending colon, and that when 
this portion of the gut is full of faecal matter, in cases of constipation, its weight impedes 
the return of the venous blood. 

After the removal of a varicocele the venous return is subsequently carried out by the 
small veins of the vas deferens, of the Cremaster and those connecting with the scrotal 
tissues. 

The ovarian veins in the female correspond with the testicular veins in the 
male ; each forms a plexus between the layers of the broad ligament near the 
ovary and uterine tube, and communicates with the uterine plexus. Two veins 
issue from this plexus and ascend across the external iliac artery, one lying 
on each side of the ovarian artery. Their further course and their mode of 
termination are the same as those of the testicular veins. Valves are occasion- 
ally found in the ovarian veins. Lite the uterine veins, they become much 
enlarged during pregnancy. 

The renal veins,* which are of large size, are placed in front of the renal 
arteries, and they open into the inferior vena cava almost at right angles. The 
left is thrice the length of the right (7*5 cm. to 2*5 cm.),‘ and crosses the posterior 
abdominal wall, lying behind the splenic vein and the body of the pancreas. 
Near its termination it passes in front of the aorta, just below the origin of the 
superior mesenteric artery. The left testicular (or ovarian) vein enters it 
from below, and the left suprarenal vein, which generally receives one of the 
left phrenic veins, enters its upper border a little nearer the median plane. 
The left renal vein opens into the inferior vena cava at a slightly higher level 
than the right. The right renal vein lies behind the second part of the duo- 
denum and, sometimes, the lateral part of the posterior aspect of the head of 
the pancreas. 

Occasionally the left renal vein may be duplicated, and in these cases one vein passes 
behind the aorta to join the inferior vena cava — persistence of the renal collar (p. 157) — 
or the anterior vessel may be entirely absent. The latter condition represents persistence 
of the posterior limb of the renal collar combined with absence of the intersubcardinal 
anastomosis. 

The suprarenal veins are two in number, one issuing from the hilum of each 
suprarenal gland. The right vein is very short and passes directly into the 
posterior aspect of the inferior vena cava ; the left runs downwards and 
medially, in front of or just lateral to the left coeliac ganglion, and passes behind 
the body of the pancreas to end in the left renal vein. 

The phrenic veins (inferior phrenic veins) follow the course of the corre- 
sponding arteries on the Diaphragm ; the right ends in the inferior vena cava ; 
the left is often represented by two branches, one of which ends in the left renal 
or suprarenal vein, while the other passes in front of the oesophageal opening 
in the Diaphragm and joins the inferior vena cava. 

The hepatic veins drain the hver, and commence in the intralobular veins, 
which receive the blood from the sinusoids of the hver lobules. The intralobular 
veins open into the suhlobular veins, and these in turn unite to form the hepatic 
veins, which open into the inferior vena cava as it hes in the groove on the 
posterior surface of the hver. The hepatic veins are arranged in two groups, 
upper and lower. The upper group usually consists of three large veins, right, 
left and middle, the last emerging jfrom the caudate lobe ; those of the lower 
group vary in number ; they are of smah size and come from the right and 
caudate lobes. The hepatic veins are in direct contact with the hepatic tissue 
and are destitute of valves. 

The Portal System of Veins (fig. 791) 

The portal system includes ah the veins which drain the blood from the 
abdominal part of the digestive tube (with the exception of the lower part of the 
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rectum and anal canal) and from the spleen, pancreas, and gall-bladder. From 
these viscera the blood is conveyed to the liver by the poiM vein. In the liver 
this vein ramifies like an artery and ends in capillary-like vessels termed 
sinusoids, from which the blood is conveyed to the inferior vena cava by the 
hepatic veios. The blood of the portal system therefore passes through two 
sets of minute vessels, viz. [a) the capillaries of the digestive tube, spleen, 
pancreas, and gall-bladder ; and (6) the sinusoids of the liver. In the adult 


Fig. 791. — ^The portal vein and its tributaries. Semidiagrammatic. 



the portal vein and its tributaries are destitute of valves ; in the foetus and for 
a short time after birth valves can be demonstrated in the tributaries of the 
portal vein ; as a rule they atrophy and disappear, but sometimes they persist 
in a degenerate form. 

The portal vein (figs. 791, 792) is about 8 cm. long, and is formed at the 
level of the second lumbar vertebra by the junction of the superior mesenteric 
and splenic veins, the union of these veins taking place in front of the inferior 
vena cava and behind the neck of the pancreas. It may be separated from the 
inferior vena cava by the upper part of the head of the pancreas, when that 
structure projects to the left. The vein inclines to the right as it passes upwards 
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behind the first part of the duodenum, the bile-duct and the gastroduodenal 
artery, and in front of the inferior vena cava ; it then ascends in the right 
border of the lesser omentum in front of the aditus to the lesser sac (epiploic 
foramen) to reach the right extremity of the porta hepatis, where it divides 
into a right and a left branch, which accompany the corresponding branches 
of the hepatic artery into the substance of the hver. In the lesser omentum 
it is placed behind the bile duct and the hepatic artery, the former lying to the 
right of the latter ; it is surrounded by the hepatic plexus of nerves, and is 
accompanied by numerous lymphatic vessels and some lymph glands. The 
right branch of the portal vein enters the right lobe of the liver, but before doing 
so generally receives the cystic vein. The left branchy longer but of smaller 
calibre than the right, gives branches to the caudate and quadrate lobes, and 
then enters the left lobe of the liver. As it does so, it is joined in front by the 
para-umbilical veins (p. 844) and by a fibrous cord, named the ligamentum teres ^ 
which represents the obliterated umbilical vein. It is connected to the inferior 
vena cava by a second fibrous cord, termed the ligamentum venosum, which 
ascends in a fissure on the posterior aspect of the liver. 

The tributaries of the portal vein are : 

1. Splenic. 4, Right gastric. 

2. Superior mesenteric. 5. Cystic. 

3. Left gastric. 6. Para-umbilical. 

L The splenic vein (fig. 791) is of large size, but is not tortuous like the 
artery ; it commences by five or six branches which return the blood from the 
spleen. These unite to form a single vessel, which traverses the lienorenal 
ligament in company with the splenic artery and the tail of the pancreas. It 
then passes to the right with a downward inclination across the posterior 
abdominal wall, lying at a lower level than the splenic artery and grooving 
the upper part of the posterior surface of the pancreas, to which it is closely 
connected by numerous short tributaries from the gland. La its course it 
crosses the anterior surface of the left Mdney and its hilum (or the lower pole 
of the left suprarenal gland), and it is separated from the left sympathetic 
trunk and crus of the Diaphragm by the left renal vessels, and from the 
abdominal aorta by the superior mesenteric artery and the left renal vein. It 
ends behind the neck of the pancreas where it unites at a right angle with the 
superior mesenteric vein, to form the portal vein. 

Tributaries. — ^It receives the short gastric veins, the left gastro-epiploic vein, 
the pancreatic veins, and the inferior mesenteric vein. 

(a) The short gastric veins, four or five in number, drain the fundus and 
left part of the greater curvature of the stomach, and pass between the two 
layers of the gastrosplenic ligament to end in the splenic vein or in one of its 
large tributaries. 

(b) The left gastro-epiploic vein receives branches from both surfaces of the 
stomach and from the greater omentum ; it runs from right to left along the 
greater curvature of the stomach and ends in the commencement of the splenic 
vein, 

(c) The pancreatic veins are several small vessels which drain the body and 
tail of the pancreas. 

(d) The inferior mesenteric vein (fig. 791) returns blood from the rectum, 
and from the pelvic and descending parts of the colon. It begins in the rectum 
as the superior rectal (superior hsemorrhoidal) vein, which has its origin in the 
rectal plexus (p. 836), and through this plexus communicates with the middle 
and inferior rectal veins. The superior rectal vein leaves the true pelvis, 
crosses the left common iliac vessels with the superior rectal artery, and is 
continued upwards as the inferior mesenteric vein. This vein lies to the left 
of its artery and ascends behind the peritoneum and in front of the left Psoas 
major ; its course is usually curved, convex to the left, and it may cross the 
testicular (or ovarian) vessels or he to their medial side ; it then passes above, 
or behind, the duodenojejunal flexure and opens into the splenic vein behind 
the body of the pancreas ; sometimes it ends in the angle of union of the splenic 
and superior mesenteyic veins. 
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If a superior duodenal or a paraduodenal fossa be present, the inferior 
mesenteric vein usually lies between the layers of the fold of peritoneum which 
forms the anterior wall of the fossa (fig. 1165). 

Tributaries. — ^The inferior mesenteric vein receives the inferior left colic veins from the 
pelvic colon, and the superior left colic vein from the descending colon and left colic flexure. 

2. The superior mesenteric vein (fig. 791) returns the blood from the small 
intestine, from the caecum, und from the ascending and transverse portions of 
the colon. It begins in the right iliac fossa by the union of the veins which 
drain the terminal part of the ileum, the caecum and vermiform appendix. It 
ascends between the two layers of the mesentery on the right side of the superior 
mesenteric artery, and in its upward course passes in front of the right ureter, 
the inferior vena cava, the third part of the duodenum, and the uncinate 


Fig. 792 . — ^Drawing of a dissection to show the relations of the hepatic artery, 
bile duct and portal vein in the lesser omentum. 
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process of the head of the pancreas. Behind the neck of the pancreas it unites 
with the splenic vein to form the portal vein. 

Tributaries. — ^The superior mesenteric vein receives the veins which corre- 
spond to the branches of the superior mesenteric artery, viz. the jejunal, ileal, 
ileocoUc, right colic, and middle cohc veins; it is also joined by the right 
gastro-epiploio and the pancreaticoduodenal veins. 

The right gastro-epiploic vein receives branches from the greater omentum 
and from the lower part of the stomach ; it runs from left to right along the 
greater curvature of the stomach, between the anterior two layers of the greater 
omentum and joins the superior mesenteric vein below the neck of the pancreas. 

The pancreaticoduodenal veins accompany their corresponding arteries ; the 
lower one frequently joins the right gastro-epiploic vein ; the upper one usually 
passes upwards and to the left behind the bile duct and terminates in the portal 
vein. 

3. The left gastric vein derives tributaries from both surfaces of the stomach ; 
it runs upwards along the lesser curvature of the stomach between the two 
layers of the lesser omentum, to the oesophageal opening of the stomach, 
where it receives some oesophageal veins. It then turns backwards and passes 
downwards and to the right behind the lesser sac of the peritoneum (omental 
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bursa), and ends in the portal vein at the upper border of the first part of the 
duodenum. 

4. The right gastric vein, of small size, runs from left to right along the 
pyloric portion of the lesser curvature of the stomach between the two layers 
of the lesser omentum, and ends in the portal vein. 

5. The cystic vein drains the blood from the gall-bladder ; it accompanies 
the cystic duct, and usually ends in the right branch of the portal vein. 

6. The para-umbilical veins, which establish an anastomosis between the 
veins of the anterior abdominal wall and the portal vein, are found in the course 
of the ligamentum teres of the liver and of the middle umbilical ligament. The 
best marked of these small veins is one which begins at the umbilicus and runs 
backwards and upwards in, or on the surface of, the ligamentum teres between 
the layers of the falciform ligament, to end in the left branch of the portal vein. 

Applied, Anatomy , — Obstruction to the portal veiu may produce ascites, and this may 
arise from many causes, e.g. (1) the pressure of a tumour on the portal vein, such as cancer 
or hydatid cyst in the liver, enlarged lymph glands in the lesser omentum, or cancer of the 
head of the pancreas ; (2) from cirrhosis of the liver, when the radicles of the portal vein 
are pressed upon by the contracting fibrous tissue in the portal canals ; (3) from valvular 
disease of the heart, and back pressure on the hepatic veins, and so on the whole of the 
circulation through the liver. In this condition the prognosis as regards life and freedom 
from ascites may be much improved by the establishment of a good collateral circulation 
between the portal and systemic veins. This is effected by communications between 
(a) the gastric veins, and the oesophageal veins which often project as a varicose bunch into 
the stomach, emptying themselves into the inferior hemiazygos vein ; (&) the veins of the 
colon and duodenum, and the left renal vein ; (c) the accessory portal system of Sappey, 
branches of which pass in the round and falciform ligaments (particularly the latter) to 
unite with the epigastric and internal mammary veins, and through the diaphragmatic 
veins with the azygos ; a single large vein, shown to be a para-umbilical vein, may pass 
from the hilum of the liver by the round ligament to the umbilicus, producing there a bunch 
of prominent varicose veins known as the caput Medusce ; (d) the veins of Retzius, which 
connect the intestinal veins with the inferior vena cava and its retroperitoneal branches ; 
(e) the superior, middle and inferior rectal ; (f) very rarely the ductus venosus remains 
patent, affording a direct connexion between the portal vein and the inferior vena cava. 

Thrombosis of the portal vein is a very serious event, and is most often due to patho- 
logical processes causing compression of the vessel or injury to its wall, such, as tumoiirs 
or inflammation about the pylorus or head of the pancreas, or to gall-stones, or cirrhosis 
of the liver. 


THE LYMPHATIC SYSTEM 

In most of the tissues of the body there exists a wide-meshed plexus of 
vessels which contaui a clear, colourless fluid. This fluid is termed lymph and 
it is composed, for the most part, of blood plasma which has transuded through 
the walls of the blood capillaries into the minute tissue spaces and has there 
become mixed with the tissue juices. As the pressure in these tissue spaces 
rises, the fluid which they contain passes into a closed system of vessels, termed 
lymph vessels. These eventually discharge the lymph into the great veins at 
the root of the neck, but all, save the terminal vessels, are interrupted in some 
part of their course by small, solid masses of lymphoid tissue, termed lymph 
glands. The lymphatic system comprises not only all the lymph vessels and 
lymph glands which will be described in this section, but also certain masses 
of l 3 unphoid tissue found mainly in the walls of the alimentary canal which 
will be described with the digestive system. 

The lymph vessels are exceedingly delicate and their coats so transparent 
that the fluid they contain is readily seen through them. In contrast with 
the blood- capillaries, which can absorb only those substances which are soluble 
in water, the lymph vessels are able to take up substances which are insoluble in 
water.* They are constricted at intervals and so present a knotted or beaded 
appearance ,* these constrictions correspond to the attachments of valves in 
the interior of the vessels. The smallest lymph vessels form a meshwork 
which is found interspersed amongst the elements and blood-vessels of the 

* P. T. Herring and F. G, Maenaughton, The Lancet, June 3rd, 1922. , 
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tissues that they drain. The meshes of the network and the vessels themselves 
are much larger than those of the capillary plexuses. The walls of the vessels 
are complete and, in all probability, there are no direct communications between 
the lumen of a lymph vessel and the tissue spaces. 

Lymph vessels have been found in nearly every tissue of the body which 
contains blood-vessels, but it would appear that they are more numerous in 
epithelial tissues. The lymph vessels of the small intestine are called lacteals ; 
they differ from other lymph vessels only in regard to their function of fat 
absorption. After a meal containing this foodstuff, the lymph which they 
contain is milk-white in appearance and is termed chyle. 

Lymph vessels are absent from the central nervous system, striped muscle 
and from non- vascular structures such as cartilage, nails, cuticle and hair. 
Their occurrence in bone is doubtful. Although no lymph vessels are found in 
the central nervous system, the 
blood-vessels entering the brain 
and spinal cord appear to be sur- 
rounded by perivascular spaces 
which are lined with the meso- 
thelial cells of the pia mater. 

The cerebrospinal fluid circu- 
lates through these spaces and 
may therefore play the part of 
lymph. WooUard,* who used 
the vital method of injecting the 
subarachnoid space in cats, found 
that subsequently the dye was 
confined to the pia and arachnoid 
mater, and that these structures, 
together with the pial septa, 
were everywhere coloured. Fur- 
ther, the mesothelial cells of the 
pia mater contained granules of 

the dye and could be traced for considerable distances along the spaces in the 
sheaths of the blood-vessels entering the brain and spinal cord. These peri- 
vascular spaces may therefore be regarded as playing the part of lymph vessels. 

From the networks in the tissues small lymph vessels emerge and either 
pass to a neighbouring lymph gland or join some larger lymph trunk. The 
vessels are arranged in superficial and deep sets. The superficial lymph vessels 
lie immediately under the skin and may run independently or may accompany 
the superficial veins ; in certain situations they join the deep vessels, but these 
connexions are by no means frequent. The superficial lymph vessels are 
especially numerous around the orifices where skin and mucous membrane 
become continuous, e.g., the mouth, the anus, the vagina, etc. Lymph vessels 
of a similar type are found in the submucous areolar tissue of the digestive, 
respiratory and urogenital systems and in the subserous tissue of the thoracic 
and abdominal walls. The deep lymph vessels always accompany vascular or 
neurovascular bundles ; they are fewer in number but larger in calibre than 
the superficial vessels, although their mode of origin is probably similar. 

The lymph vessels of any part exceed the veins in number, but they are 
much smaller in size. Their anastomoses — especially those of the larger 
trunks — are more numerous and are effected by vessels equal in diameter to 
those which they connect. 

The lymph vessels unite with one another and ultimately form two main 
channels, named the thoracic duct and the right lymphatic duct, which open into 
the venous system at the root of the neck. 

The structure of the lymph vessels. — ^The walls of the larger lymph vessels are composed 
of three coats. The interned coat is thin, transparent, and slightly elastic, and consists 
of a layer of elongated endothelial cells supported on an elastic membrane ; the cells have 
wavy margios, by which contiguous cells are dovetailed into one another. The middle 
coat is composed of smooth muscular, and fine elastic fibres, disposed in a transverse 
direction. The eaierml coat consists of connective tissue, intermixed with smooth muscular 

* H. H. Woollard, Journal of Anatomy, vol. Iviii. 


Fig. 793. — A small lymph vessel, from the 
diaphragm of a rabbit. Silvered, x 65. 
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fibres longitudinally or obKquely disposed ; it forms a protective covering to the other 
coats and serves to connect the vessel 'with the neighbouring structures. In the smaller 
vessels there are no muscular or elastic fibres, and the wall consists only of a connective 
tissue coat lined by endothelium (fig. 793). The thoracic duct has a more complex structure 
than the other lymph vessels ; it presents a distinct subendothelial layer, similar to that 
found in the arteries ; in the middle coat there is, in addition to the muscular and elastic 
fibres, a layer of connective tissue 'with its fibres arranged longitudinally. Nutrient 
blood-vessels and many non-meduHated nerves in the form of fine plexuses are distributed 
to the outer and middle coats of the larger lymph vessels. 

In the l3miph vessels the valves are placed at much shorter intervals than in the veins. 
They are most numerous near the lymph glands, and are found more frequently in the 
lymph vessels of the neck and upper limb than in those of the lower limb ; they are wanting 
in the vessels composing the plexiform network in which the lymph vessels usually originate 
on the surface of the body. The valves are formed of thin layers of fibrous tissue covered 
on both surfaces by endothelium which presents the same arrangement as on the valves of 
veins (p. 666). They are semilunar in form, and are attached by their convex edges to the 
wall of the vessel, the cOncave edges being free and directed along the course of the lymph- 
current. Usually two valves, of equal size, are found opposite each other ; but occasionally 

Fig. 794. — section through a lymph gland of a dog. Stained with haematoxylin 

and eosin. x 34. 

Medullary part 


Hilum 



exceptions occur, especially at or near the anastomoses of lymph vessels ; thus, one valve 
may be of small size and the other increased in proportion. The wall of a lymph vessel 
immediately above the attachment of each segment of a valve is expanded into a pouch or 
sinus which gives the vessel, when distended, the knotted or beaded appearance to which 
reference has already been made. 

The lymph glanck are small, oval or bean-shaped bodies, situated in the course of lymph 
and lacteal vessels so that the lymph and chyle pass through them on their way to the 
blood. Generally each presents on one side a slight depression, termed the hilum, through 
which the blood-vessels enter and leave the gland. The efferent lymph vessel also emerges 
from the gland at this spot, while the afferent vessels enter it at different parts of the 
periphery. On section (fig. 794), a lymph gland displays two different structures : an 
external, of lighter colour — ^the cortical ; and an internal, darker — ^the medullary. The 
cortical structure does not form a complete investment, but is deficient at the hilum, 'where 
the medullary portion reaches the surface of the gland ; so that the efferent lymph vessel 
is derived directly from the medullary structure, while the afferent vessels empty themselves 
into the cortical substance. 

The structure of the lymph glands (figs. 794, 795). A lymph gland consists of (1) a 
fibrous envelope, or capsule, from which a framework of processes (trabeculce) proceeds 
inwards, imperfectly di'nding the gland into a number of freely communicating spaces ; 

(2) a quantity of lymphoid tissue occupying these spaces -without filling them completely ; 

(3) a lymph-path or lymph-sinus, consisting of a large number of irregular, interconnecting 
spaces, which communicate with both the afferent and the efferent lymph vessels ; and 

(4) a free supply of blood-vessels, which are supported in the trabeculae. The nerves passing 
into the hilum are few in number and are chiefly distributed to the blood-vessels supplying 
the gland. 

£n man the capsule and traJbeculce are composed of fibro-areolar tissue with some plain 
muscular flbres, but in many of the lower animals they consist almost entirely of the latter. 
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The trabeculae pass inwards towards the centre of the gland for about one-third or one- 
fourth of the distance between the circumference and the centre of the gland. In some 
animals they are suffiiciently well marked to divide the peripheral or cortical portion of the 
gland into a number of compartments, but in man this arrangement is not obvious. The 
larger trabeculae springing from the capsule break up into finer bands, and these interlace 
to form a meshwork in the central or medullary portion of the gland. In the cortex the 
gland-pulp or lymphoid tissue is arranged in imperfectly separated follicles or nodules, 
surrounded peripherally by the lymph-sinus, which separates them from the capsule and 
trabeculae (fig. 795). In stained sections the central portions of the follicles appear clearer 
than the surrounding gland-pulp. Their cells are larger, frequently show karyokinetic 
figures and are not so densely packed together. In these areas, which are termed germ- 
centres, the cells are actively dividing. In the medidla the lymphoid tissue is arranged in 
irregular cords, separated from one another by the lymph-sinus and trabeculae. These 
cords do not contain germ centres, but otherwise they show the same structure as the 
follicles, with which they are continuous at their peripheral ends. 

Pig, 795. — ^Retiform and adenoid tissue, from a l 5 unph ^and. x 255, 


Retiform tissue in lymph-sinus 



The gland-pulp consists of ordinary lymphoid tissue (fig. 795), being made 
up of a delicate network of retiform tissue packed with lymphocytes. The 
network of the gland-pulp is continuous with that m the lymph-paths, but 
marked off from it by a closer reticulation ; moreover, the fibres of the retiform 
tissue of the l3miph-paths are continuous with those of the trabeculae. The 
gland-pulp is traversed by a dense plexus of capillary blood-vessels. 

The afferent vessels, as stated above, enter at different parts of the periphery 
of the gland, and after branching and forming a dense plexus in the substance 
of the capsule, open into the part of the lymph sums immediately beneath the 
capsule. This suhcapsular lymph space is everywhere in contmuity with the 
lymph-sinuses of the cortical part. As the afferent vessels enter they lose all 
their coats except their endothelial lining, which is continuous with a layer of 
similar cells lining the lymph-paths. The efferent vessel commences from the 
lymph-sinuses of the meduQary portion. The stream of lymph carried to the 
gland by the afferent vessels thus passes through the plexus in the capsule to 
the lymph-paths of the cortical portion, where it is exposed to the action of the 
gland-pulp ; after flowing through these it enters the paths or sinuses of the 
medullary portion, and finally emerges from the bilum by means of the efferent 
vessel. The stream of lymph in its passage through the lymph sinuses is much 
retarded by the presence of the reticulum, hence morphological elements carried 
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in the lymph, stream, either normal or morbid, are easily arrested and deposited 
in the sinuses. Many lymph corpuscles pass with the efferent lymph-stream 
to join the general blood-stream. The arteries of the gland enter at the hilum 
and go to the gland-pulp, there to break up into a capillary plexus, either 
directly or after running in the trabeculae for a certain distance. The veins 
emerge from the gland at the hilum. 

Applied Anatomy . — ^The lymph vessels and lymph glands draining any infected area 
of the body are very liable to become inflamed, resulting in acute or chronic lymphangitis 
and lymphadenitis. In acute cases the paths of the superficial lymph vessels are often 
marked out on the skin by painful, red lines leading to tender, swollen lymph glands, which 
may suppurate. Chronic lymphangitis, together with the blocking of numerous lymphatic 
vessels by the escaped ova of the minute parasitic worm Microfilaris noctuma^ is the cause 
of elephantiasis, a condition common in the tropics and subtropics, and characterised by 
enormous enlargement and thickening of the skin of some part of the body, most frequently 
of the leg and scrotum. Tuberculous, syphilitic and cancerous enlargements of the lymph 
vessels and lymph glands are very commonly met with. 

The present view is that cancer spreads more frequently by permeating the lymph vessels 
as a solid ceU-growth, than by minute emboli. Operations for the removal of cancer are 
therefore planned to take away in one mass the cancer, the intervening lymph vessels, 
and the lymph glands. 

The appearance of secondary malignant deposits or of secondary infection in parts of 
the body that seem not to be directly associated by any lymphatic connexion with the 
seat of the primary growth or infection has often been observed, and explained as due to 
‘ retrograde transport ’ of cancer-cells or bacteria by a reversed flow of lymph. Weleminsky* 
however, believes that the explanation is to be found in the fact that when the infected 
lymph glands have grown to a certain size they no longer permit the normal flow of lymph 
through them, and that in these circumstances very delicate lymphatic connexions, whose 
existence normally remains unsuspected, develop to a surprising extent between groups 
of lymph glands that at first sight appear to be unconnected with one another. In this 
connexion the possibility of spread by the blood-stream should not be disregarded entirely. 
Recent work f has shown that lymph vessels in a pedicle skin graft survive in the graft and 
can replace vessels which have been destroyed. 

The Thobacio Ditct 

The thoracic duct (fig. 796) conveys the chyle and the greater part of the lymph 
into the blood. It is the common trunk of afl the lymph vessels of the body, ex- 
cepting those of the right side of the head, neck, and thoracic w’all, the right upper 
limb, right lung, right side of the heart, and part of the convex surface of the liver. 
In the adult it varies in length from 38 cm. to 45 cm. and, including the cisterna 
chyli, extends from the second lumbar vertebra to the root of the neck. It 
begins at the upper end of the cisterna chyli (p. 849) near the lower border of 
the twelfth thoracic vertebra and enters the thorax through the aortic opening 
of the Diaphragm. It then ascends through the posterior mediastinum with 
the aorta on its left, and the azygos vein on its right side. In this part of 
its course the vertebral column and anterior longitudinal ligament, the right 
aortic intercostal arteries, and the terminal parts of the hemiazygos veins 
He behiud it. The Diaphragm and the oesophagus He in front of it, but 
a recess of the right pleural cavity may intervene between the duct and 
the oesophagus. Opposite the fifth thoracic vertebra the thoracic duct 
incHnes towards the left side, enters the superior mediastinum, and ascends 
to the thoracic inlet along the left edge of the oesophagus. After being 
crossed by the aortic arch, it Hes behind the commencement of the left 
subclavian artery and in close contact with the mediastinal pleura of the left 
side. Passing into the neck it arches lateraUy at the level of the transverse 
process of the seventh cervical vertebra, the arch rising about 3 cm. or 4 cm. 
above the clavicle. In this part of its course the duct runs anterior to the 
vertebral artery and vein, the sympathetic trunk and the thyrocervical trunk 
or its branches. It also passes in front of the phrenic nerve and the medial 
border of the Scalenus anterior, but is separated from these two structures by 
the pre vertebral fascia. In this part of its course it is placed behind the left 
common carotid artery, vagus nerve, and internal jugular vein. Finally, it 

* Berliner Uin, Woch,, 1905, No. 24, p. 743. 

f J. H. Gray, Journal of Anatomy ^ vol, Ixxii. part i. 
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descends in front of the first part of the left subclavian artery. It ends by 
opening into the angle of junction of the left subclavian vein with the left 
internal jugular vein, but it sometimes breaks up into a variable number of 
smaller vessels just prior to its 

Fig. 796. — ^The thoracic and right lymphatic ducts. 
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termination. At its commence- 
ment the thoracic duct is 
about -5 cm. in diameter, but 
it diminishes considerably in 
calibre in the middle of the 
thorax, and is again slightly 
dilated just before its termin- 
ation. It is generally fiexuous, 
and constricted at intervals so 
as to present a varicose ap- 
pearance. Not infrequently it 
divides in the middle of its course 
into two vessels of unequal size 
which soon reunite, or into 
several branches which form 
a plexiform interlacement. It 
occasionally divides at its upper 
part into two branches, right 
and left ; the left ending in the 
usual manner, while the right 
opens into the right subclavian 
vein, in connexion with the right 
lymphatic duct. The thoracic 
duct has several valves, and 
these tend to be placed in situ- 
ations where the duct is exposed 
to pressure ; at its termination 
it is provided with a pair, the 
free borders of which are turned 
towards the vein so as to pre- 
vent the passage of venous blood 
into the duct. 

The cistema chyli (fig. 797) 
is a sac-like dilatation on the 
lymphatic pathway from the 
abdomen and lower limbs. It 
is 5 cm. to 7 cm. long and is 
situated ia front of the bodies 
of the first and second lumbar 
vertebrae, immediately to the 
right of the abdominal aorta. 

The upper two lumbar arteries 
of the right side and the right 
lumbar azygos vein, when it is 
present, intervene between the 
cisterna chyh and the vertebral 
coiunm. Anteriorly the cisterna 
chyli is covered by the medial 
edge of the right crus of the 
Diaphragm. It receives the 
right and left lumbar and the 

intestinal lymphatic trunks. The lumbar trunks are formed by the union of 
the efferent vessels from the lateral aortic lymph glands ; they receive the 
lymph from the lower limbs, from the walls and viscera of the pelvis, from 
the kidneys and suprarenal glands, the testes (or ovaries^ and the deep lymph 
vessels of the greater part of the abdominal waU. The intestinal trunk receives 
the lymph from the stomach, intestine, pancreas and spleen, and from the 
lower and anterior part of the liver. 



Aortic 
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Tributaries. — ^At its commencement the thoracic duct receives a descending 
trunk from the posterior intercostal lymph glands of the lower six or seven 
intercostal spaces, on each side. In the thorax the thoracic, duct is joined on 
each side by a trunk which drains the upper lumbar lymph glands and pierces 
the crus of the Diaphragm. It also receives the efferents from the posterior 
mediastinal lymph glands and from the posterior intercostal lymph glands of 


Fig. 797. — Modes of origin of the thoracic duct. (Poirier and Charpy.) 
A B C 



a. Thoracic duct. a\ Cistema chyli. 6. c. Efferent trunks from lateral aortic Isonph glands, 
d. An efferent vessel which pierces the left crus of the Diaphragm, e. /. Lateral aortic lymph glands. 
g. Pre-aortic lymph glands. A. Eetro-aortic lymph glands, i. Intestinal trunk, j. Descending 
branch from intercostal lymph vessels. 

the upper six spaces of the left side. In the neck it is joined usually by the 
jugular trunk from the left side of the head and neck, and the left mb- 
clavian trunk from the left upper limb, but these vessels may open independently 
into the internal jugular vein and the subclavian vein, respectively ; some- 
times it is joined by the left bronchomediastinal trunk, but this trunk usually 
opens independently into the junction of the left subclavian and internal 
jugular veins. 


Fig. 798. — The terminal lymph trunks of the right side. (Poirier and Charpy.) 



a. Jugular trunk. 6. Subclavian trunk, c. Bronchomediastinal trunk, d. Right Ijnuphatic duct. 
e. Lymph gland of internal mammary chain. /. Lymph gland of deep cervical chain. 


The right lymphatic duct (figs. 796, 798), about 1 cm. in length, courses along 
the medial border of the Scalenus anterior at the root of the neck, and ends 
by opening into the angle of junction of the right subclavian and right internal 
jugular veins. Its orifice is guarded by two semilunar valves, which prevent the 
passage of venous blood into the duct. 

Tributaries. — The right lymphatic duct receives the lymph from the right 
side of the head and neck through the right jugular trunk ; from the right upper 
limb through the right subclavian trunk ; from the right side of the thorax, 
right lung, right side of the heart, and part of the convex surface of the liver, 
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through, the rigid broncJioimdiastiTial trunk. These three trunks frequently open 
separately in the angle of union of the two veins (fig. 798). 

Applied Anatomy . — Blockage of the thoracic duct by mature specimens of the minute 
parasitic worm Microfilaria nocturna gives rise to stasis of the chyle, and to its passage in 
various abnormal directions on its course past the obstruction. The neighbouring ab- 
dominal, renal, and pelvic lymph vessels become enlarged, varicose, and tortuous, and chyle 
may make its way into the urine (chyluria), the tunica vaginalis (chylocele), the abdominal 
cavity (chylous ascites) or the pleural cavity (chylous pleural effusion), in consequence of 
rupture of some of these distended lymph vessels. 

The thoracic duct has been wounded in removing tuberculous glands from the neck. 
When this happens the duct should be ligatured in the same way as a vein. The chyle 
then appears to find its way into the veins by anastomosing channels. 


THE LYMPHATIC DRAINAGE OF THE HEAD AND NECK* 

The lymph glands of the head and neck comprise a terminal group and a 
number of intermediary, outlying groups. The terminal group is closely 
associated with the carotid sheath and is named the deep cervical group. All 
the lymph vessels of the head and neck drain into this group, either directly 
from the tissues themselves, or indirectly after passing through one of the 
outlying groups. The efferents of the deep cervical lymph glands form the 
jugular trunks which, on the right side, may end in the junction of the internal 
jugular and subclavian veins or may join the right lymphatic duct ; on the 
left side, it usually enters the thoracic duct, although it may join either the 
internal jugular or the subclavian vein. 


THE DEEP CERVICAL LYMPH GLANDS 

The deep cervical lymph glands are found lying along the carotid sheath 
from the base of the skull to the root of the neck. They may be subdivided 
into (1) a superior and (2) an inferior group, both of which receive afferents 
direct from the tissues themselves as well as from the outlying, intermediary 
groups. 

(1) The superior deep cervical Ijrmph glands lie in close relationship with 
the upper part of the internal jugular vein. Most of them are hidden by the 
stemomastoid, but a few are foimd extending beyond the borders of the muscle. 
One group, which comprises one large and several small glands, is placed in 
the trian^ar area bounded by the posterior belly of the digastric, the common 
facial vein, and the internal jugular vein, and is termed the juguhdigastric 
group ; it is associated particularly with the lymph drainage of the tongue. 

EfiferenU from the upper deep cervical lymph glands pass to the lower deep 
cervical group as well as to the jugular trunk. 

(2) The Merior deep cervical lymph glands are situated under cover of the 
lower part of the stemomastoid, and extend also into the subclavian triangle, 
where they are closely related to the brachial plexus and the subclavian vessels. 
One gland of this group lies on, or just above the intermediate tendon of the 
omohyoid muscle ; it is called the jugulo-omohyoid gland (Jamieson and 
Dobson) t aiid is concerned especially with the drainage of the tongue (p. 856). 
The efferents from the lower deep cervical lymph glands join the jugular tr unk . 

From the point of view of their lymphatic drainage the tissues of the head 
and neck can conveniently be considered in two groups, viz. ; (a) The super- 
ficial tissues and (6) the deeper structures, including the viscera. 

* In and the foUowing sections only the larger and more constant groups of lymph 
glands are included. For a detailed description and references to the literature, the reader 
is referred to Anatomie dea LymphMigues de Vhomme, by H. Rouvi^re. Masson et Cie. 
Paris, 1932. 

t J. K. Jamieson and J. F. Dobson, “ The lymphatics of the tongue,” British Journal of 
Surgery, vol. viii. No. 29, 1920. 
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A, Lymphatic Dbainage of the Superficial Tissues of the 
Head and Neck (fig. 800). 

Most of the superficial tissues are drained by vessels which go first to outlying 
groups of glands, and the efferents from these glands pass to the deep cervical 
lymph glands. Some of the lymph, however, may pass directly to the deep 
cervical glands. 

Fig. 799. — ^Th© superficial lymph glands and lymph vessels of the head and neck. 


The outlying groups concerned in the drainage of the superficial tissues are : 

In the head. In the neck. 

Occipital. Submandibular. 

Mastoid. Submental. 

Parotid. Anterior cervical. 

Facial. - Superficial cervical. 

1. L 3 nnplxatic drainage of the scalp and ear.— (i) The lymph vessels from 
the frontal region just above the root of the nose drain into the submandibular 
group of glands (fig. 799) and will be considered with the lymphatics of the face. 

(ii) The vessels from the rest of the forehead, from the temporal region of 
the scalp, and from the upper half of the lateral surface of the auricle and the 
anterior wall of the external auditory meatus drain into the superficial parotid 


Mastoid 


Svbrnmtal lymph 


SuhmaTvdibular lymph 
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lymph glands, which lie immediately in front of the tragus, on, or deep to, the 
fascial investment of the parotid gland. These glands receive also the lateral 
lymph vessels from the eyelids and those from the skin over the zygomatic 
bone. Their efferent vessels pass to the upper deep cervical lymph glands. 

(iii) A strip of the scalp above the auricle, the upper half of the cranial 
surface and maigin of the auricle, and the posterior wall of the external auditory 
meatus are drained by vessels which pass, some to the upper deep cervical 
glands and others to the mastoid group. 

The mastoid lymph glands (fig. 799) are placed superficial to the mastoid inser- 
tion of the Stemomastoid muscle, and deep to the Auricularis posterior. Their 
efferents pass to the upper deep cervical glands. 

(iv) The lobule of the auricle, the floor of the external auditory meatus, 
and the skin over the angle of the jaw and the lower part of the parotid region 
are drained by vessels which may pass to the superficial cervical group of 
glands or to the upper deep cervical group. The superficial cervical glands are 
placed along the external jugular vein superficial to the Stemomastoid. Some 
of the efferents from this group pass round the anterior border of the Stemo- 
mastoid to reach the upper deep cervical glands ; others follow the external 
jugular vein and join the lower deep cervical glands in the subclavian triangle, 

(v) The occipital region of the scalp is drained partly by vessels which pass 
to the occipital group of glands, and partly by a tmnk which descends along 
the posterior border of the Stemomastoid to end in the lower deep cervical 
glands. The occipital lymph glands are placed in the upper angle of the posterior 
triangle, superficial to the attachment of the Trapezius to the occipital bone. 

2. Lymphatic drainage of the face. — (i) The lymph vessels draining the 
eyelids and conjunctiva commence in a superficial plexus beneath the skin 
and in a deep plexus in front of and behind the tarsi ; these plexuses com- 
municate with one another and medial and lateral sets of vessels arise from 
them. The lymph vessels of the lateral set drain the whole thickness of the 
upper lid with the exception of the skin over its medial part ; they also drain 
the whole thickness of the lateral half of the lower lid and all the ocular con- 
junctiva. They pass laterally from the lateral commissure to end in the 
superficial parotid glands (p. 852) and also in the deep parotid lymph glands, 
which are imbedded in the substance of the parotid salivary gland. The deep 
parotid glands receive vessels also from the middle ear (p. 855). The lymph 
vessels of the medial set drain the skin over the medial part of the upper eyelid, 
the whole thickness of the medial half of the lower lid, and the caruncula 
lacrimalis. Following the course of the anterior facial, vein they end in the 
submandibular group of glands. 

The submandibular lymph glands (submaxiUary glands) (figs. 799, 801) are 
placed beneath the deep cervical fascia in the submandibular triangle. They 
are usually thre^. in number, one at the anterior end of the submandibular 
salivary gland, and one in front of, and another behind the facial artery where 
it reaches the mandible. Additional glands of this group are often found 
imbedded in the submandibular salivary gland or on its deep surface. The 
submandibular lymph glands receive afferents from a wide area, including 
vessels from the submental, facial, and lingual groups of glands ; their efferents 
pass to both the upper and lower deep cervical glands. 

(ii) The external nose, cheek and upper lip, and the lateral part of the lower 
lip send their lymph to the submandibular glands. These vessels may have 
along their course a few facial lymph glands lying in relation to the anterior 
facial vein. The mucous membrane covering the oral surfaces of the lips and 
cheeks is drained by vessels which end also in the submandibular glands. 
The lymph from the lateral part of the cheek drams into the parotid group of 
lymph glands, whilst that from the skin over the root of the nose and the 
central part of the forehead just above this drains partly into the parotid 
glands, and partly, along the facial lymphatics, into the submandibular glands, 

(iii) The central part of the lower lip, together with the floor of the mouth 
and the tip of the tongue, is drained by vessels which pass to the submental 
group of glands. The subrnental lymph glands are placed on the Mylohyoid 
muscle between the anterior bellies of the two Digastric muscles (fig. 801). They 
receive afferents from both sides of the median plane, some of the vessels 
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deeussatiog over the symphysis of the mandible ; their efferents pass to the 
submandibular and jugulo-omohyoid l 3 miph glands. 

3. Lymphatic drainage of the neck. — ^Many of the vessels draining the super- 
ficial tissues of the neck pass round the borders of the Stemomastoid to either 
the upper or the lower deep cervical glands. Some, however, pass from the 
region over the upper part of the Stemomastoid muscle and the posterior 
triangle of the neck to the superficial cervical and occipital lymph glands. The 
lymph from the upper part of the anterior triangle of the neck is drained into 
the submandibular and submental lymph glands, whilst the vessels from the 
skin of the anterior part of the neck below the hyoid bone pass to the anterior 

Fig. 800. — The areas of lymphatic drainage of the superficial tissues 
of the head and neck. 



cervical lymph glandSy which are associated with the anterior jugular veins. 
The efferents from this group pass to the deep cervical glands of both sides of 
the neck ; they also pass to the iofrahyoid, prelaryngeal, and pretracheal 
glands (p. 855). One of the anterior cervical l 3 unph glands often occupies 
the suprasternal space (p. 537). 


B, Lyimphatio Drainage of the Deeper Tissues of the 
Head and Neck. 

The deeper tissues of the head and neck are drained by vessels which pass 
to the deep cervical glands either directly, or indirectly after passing through 
one of the outlying groups. In addition to the outlying groups which have been 
considered already, the following groups also are concerned with the drainage 
of the deeper tissues, viz. : 

The retropharyngeal lymph glands. 

The paratracheal lymph glands. 

The lingual lymph glands. 

The infrahyoid, prelaryngeal and pretracheal lymph glainds. 
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The retropharyTigeal lymph glands comprise a median and two lateral groups, 
the former near the median plane, and the latter in front of the lateral mass of 
the atlas along the lateral border of the Longus capitis muscle. The glands 
all lie in the interval between the fascia covering the pharynx and the pre- 
vertebral fascia. Their efferents pass to the upper deep cervical lymph 
glands. 

The paratracheal lymph glands on each side are situated lateral to the trachea 
and oesophagus, along the course of the recurrent laryngeal nerve. Efferents 
from this group pass to the deep cervical lymph glands- 

The infrahyoidy prelaryngeal and pretracheal lymph glands lie deep to the 
investing layer of the deep cervical fascia. They receive some of their afferents 
from the anterior cerv cal glands (p. 854) and their efferents join the deep 
cervical groups. The glands of the infrahyoid group are placed on the front 
of the thyrohyoid membrane ; those of the prelaryngeal group lie on the 
cricovocal membrane ; the pretracheal glands lie in front of the trachea in close 
relation with the inferior thyroid veins. 

The lingual lymph glands are small and inconstant. They are found on the 
Hyoglossus muscle and between the two Genioglossi. 

1. The lymphatic drainage of the nasal cavity, nasopharynx and middle ear. 
— ^The lymphatics of the nasal cavity can be injected from the subarachnoid 
space, through communications which exist along the course of the olfactory 
nerves. The lymph vessels from the anterior part of the nose pass superficially 
to join those draining the skin covering the nose and end in the submandibular 
lymph glands. The remainder of the nasal cavity, the paranasal sinuses, the 
nasopharynx, and the pharyngeal end of the pharyngotympanic tube are 
drained by vessels which pass to the upper deep cervical lymph glands, either 
directly or after traversing the retropharyngeal glands. It is probable that 
the posterior part of the floor of the nose is drained by vessels which enter 
the parotid group of lymph glands. 

The lymph vessels of the mucous lining of the tympanum and mastoid 
antrum pass to the parotid or upper deep cervical lymph glands ; those from 
the tympanic end of the pharyngotympanic tube probably end in the deep 
cervical glands. 

2. The lymphatic drainage of the larynx, trachea, and thyroid gland. — ^The 
lymph vessels of the larynx comprise upper and lower groups ; on the lateral 
wall the two systems are distinct one :^m another, the line of division being 
the vocal fold ; the two systems anastomose on the posterior wall of the larynx. 
The vessels of the upper set pierce the thyrohyoid membrane, and, accompany- 
ing the superior laryngeal vessels, end in the upper deep cervical glands. The 
vessels of the lower, set either pass between the cricoid cartilage and the first 
tracheal rmg to go directly to the lower deep cervical glands, or, piercing the 
cricovocal membrane, pass to the pretracheal and prelaryngeal groups before 
reaching the deep cervical glands. 

The cervical part of the trachea is drained by vessels which pass to the 
pretracheal and paratracheal lymph glands, or directly to the glands of the 
lower deep cervical group. 

The lymph vessels of the thyroid gland accompany the veins. Vessels 
of the upper set pass to the deep cervical glands ; those of the lower set to the 
pretracheal and paratracheal glands. Some of the vessels may run down into 
the superior mediastinum. 

3. The lymphatic drainage of the mouth, teeth, tonsil and tongue. — (i) The 
rnouth.—Thib vessels of the gums end in the submandibular lymph glands ; 
those of the hard palate are continuous in front with those of the upper gum, 
but run backwards to pierce the superior constrictor muscle, and end in the 
upper deep cervical and retropharyngeal lymph glands ; those of the soft palate 
pass backwards and laterally and end partly in Qie retropharyngeal, and partly 
in the upper deep cervical lymph glands. The vessels of the anterior part 
of the floor of the mouth go to the inferior lymph glands of the upper deep 
cervical group, either directly or indirectly through the submental l 3 mph 
glands ; the vessels from the rest of the floor of the mouth pass to the sub- 
mandibular and upper deep cervical lymph glands. 

(ii) The Lymph vessels were demonstrated in the pulp of the teeth 
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by Schweitzer * in 1907, and his observations have been confirmed by Dewey 
and Noyes.f They pass to the submandibular and deep cervical lymph glands, 

(iii) The tonsil , — ^The lymph vessels of the tonsil, usually three to five in 
number, pierce the buccopharyngeal fascia and the superior constrictor muscle 
and pass between the stylohyoid and the internal jugular vein to reach the upper 
deep cervical lymph glands. Most of them end in the jugulodigastric lymph 
gland ; occasionally one or two additional vessels run to small lymph glands 
on the lateral side of the internal jugular vein, under cover of the sternomastoid. 

(iv) The tongue (figs. 801, 802).J — ^The lymphatic plexus in the mucous 
membrane of the tongue is continuous with the intramuscular plexus. The 
part of the tongue in front of the papifise vallatae is drained into marginal and 


Fig. 801. — ^The lymphatic drainage of the tongue. (After Jamieson and Dobson.) 
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Note, The removal of the Sternomastoid muscle has exposed the whole 
chain of deep cervical lymph glands. 


central lymph vessels. The part of the tongue behind the papillae vallatae 
drains into a set of dorsal lymph vessels. 

1. Marginal vessels , — ^The lymph vessels fi:om the tip of the tongue, and 
region of the frenulum, descend under the mucous membrane and end in widely 
distributed lymph glands. 

{a) Vessels pierce the origin of the mylohyoid in contact with the peri- 
osteum of the mandible ; one or two of these vessels enter the submental 
lymph glands, and one descends over the hyoid bone to the jugulo- omohyoid 
lymph gland. (It should be noted (1) that vessels arising in the plexus on one 
side of the tongue may cross under the fcenulum and end in the lymph glands of 
the opposite side, and (2) that the efferent vessels of the submental Ijmph glands, 
which are placed in or near the median plane, pass impartially to either side.) 

* Archiv fur Mihrosh, Anat, u, Nntwickl., 1907 and 1909. 

t Dental Gosmos, vol. lix. Wo. 4, 

t This description of the lymphatic vessels of the tongue is based on the researches of 
Jamieson and Dobson {he. cit. p. 861). 
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(b) Some vessels pierce the origin of the mylohyoid, and enter the anterior 
or the middle submandibular lymph gland. 

(c) Some vessels pass deeply under the sublingual salivary gland and, 
accompanying the ranine vein, end in the jugulo-digastric lymph glands. One 
vessel often descends over or deep to the central tendon of the Digastric to reach 
the jugulo-omohyoid lymph gland. 

Some of the lymph vessels from the lateral margin of the tongue pass over 
the sublingual salivary gland, pierce the Mylohyoid, and end in the submand- 
ibular Ijmph glands ; others pass under the salivary gland and end in the 
jugulo-digastric or jugulo-omohyoid glands. 

The vessels from the posterior part of the margin of the tongue make their 
way through the pharyn- 
geal waU to the jugulo- 
digastric lymph glands. 

2. Central vessels . — 

There is no clear line 
of demarcation between 
areas on the surface of 
the tongue draining into 
the marginal or into the 
central vessels. The 
central lymph vessels 
descend in the median 
plane between the Genio- 
glossi. Some turn later- 
ally through the muscles, 
but the majority appear 
between their free bor- 
ders and diverge to the 
right or left, i.e. the ves- 
sels from one side of the 
tongue may run to the 
lymph glands of the 
opposite side (fig. 802). 

They follow the lingual 
blood-vessels, and end 
in the deep cervical lymph glands, especially in the jugulo-digastric and jugulo- 
omohyoid glands. Some pierce the Mylohyoid and enter the submandibular 
lymph glands. 

3. Dorsal vessels . — ^The vessels draining the area of the papillse vallatse, and 
the part of the tongue behind these papillse, run downwards and backwards — 
those near the median plane may divide and run to both sides. They turn 
laterally to join the marginal vessels, and all pierce the pharyngeal wall, passing 
in front of or behind the external carotid artery, to reach the jugulo-digastric 
and jugulo-omohyoid lymph glands, or the glands between them. One vessel 
may descend behind the hyoid bone, perforate the thyrohyoid membrane, and 
end in the jugulo-omohyoid lymph gland. 

4. The lymphatic drainage of the pharynx and oesophagus. — The collecting 
vessels from the pharjmx and oesophagus pass to the deep cervical l 3 rmph glands 
either directly, or indirectly through the retropharyngeal or paratracheal 
glands. From the region of the epiglottis the lymph vessels run to the infra- 
hyoid lymph glands. 


Fig. 802. — diagram to show the course of the central 
l^pnph vessels of the tongue to the lymph glands on both 
sides of the neck. (Jamieson and Dobson.) British 
Journal of Surgery, vol. viii. 1920. 
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All the lymph vessels of the upper limb draiu into a terminal group of lymph 
glands situated in the axilla, either directly from the tissues, or indirectly 
after passing through an outlying group of glands. The lymph vessels comprise 
deep and superficial sets. The deep vessels follow the principal vascular and 
neurovascular bundles, while the superficial vessels, except in the hand and on 
the back of the forearm, accompany the superficial veins more or less closely. 
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The axillary lymph glands (fig. 804), which are the terminal group for the 
whole of the upper limb, are of large size ; they vary from twenty to thirty in 
number, and may be divided into five groups, which are not sharply demarcated 
from one another : 

1. A lateral group (fig. 803) of from four to six lymph glands hes medial 
to, and behind, the axillary vein ; the afierents of this group drain the whole 


Fig. 803. — The lymphatic drainage of the superficial tissues of the upper 
limb. Anterior aspect. Semi -diagrammatic. 



limb with the exception of that portion whose lymph vessels accompany the 
cephalic vein. The efferent vessels pass partly to the central and apical 
groups of axiQary lymph glands, and partly to the lower deep cervical lymph 
glands. 

2. An anterior or pectoral group of four or five lymph glands lies along the 
lower border of the Pectoralis minor, in relation with the lateral thoracic vessels. 
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Its afferents drain the skin and muscles of the anterior and lateral walls of the 
body, above the level of the umbilicus, and the central and lateral parts of the 
mammary gland (p. 861) ; its efferents pass partly to the central, and partly to 
the apical groups of axillary lymph glands. 

3. A posterior or subscapular group of six or seven lymph glands is placed 
along the lower margin of the posterior wall of the axilla in the course of the 
subscapular vessels. The afferents of this group drain the skin and muscles 
of the lower part of the back of the neck and of the dorsal aspect of the trunk, 
as low down as the iliac crest ; their efferents pass to the apical and to the central 
group of axillary lymph glands. 

4. A central group of three or four large lymph glands is imbedded in the 
fat near the base of the axilla. It has no special area of drainage, but it receives 
afferents from all the preceding groups of axillary lymph glands : its efferents 
pass to the apical group. 

5. An apical group of six to twelve lymph glands is situated partly posterior 
to the upper portion of the Pectoralis minor and partly above the upper border 
of this muscle, and extends upwards into the apex of the axiUa along the medial 
side of the axillary vein. The only direct territorial afferents of this group are 
those which accompany the cephalic vein and one or two which drain the upper 
and peripheral part of the mammary gland, but it receives the efferents of all the 
other a:^ary lymph glands. The efferent vessels of this group unite to form 
the subclavian trunk, which opens either directly into the junction of the 
internal jugular and subclavian veins or into the jugular lymphatic trunk ; 
on the left side it may end in the thoracic duct. A few efferents from the 
apical group usually pass to the lower deep cervical lymph glands. 

The outlying groups of lymph glands in the upper limb are few in number. 
They comprise (1) the .supratrochlear group, (2) the infraclavicular group 
(which are both interposed on the path of the superficial vessels), and (3) a few 
isolated lymph glands which are occasionally present along the course of the 
principal blood-vessels of the arm and forearm. 

1. The supratrochlear lymph glands, one or two in number, lie on the deep 
fascia above the medial epicondyle of the humerus on the medial side of the 
basilic vein. Their efferents accompany the basilic vein and join the deep 
lymph vessels. 

2. The infraclavicular lymph glands, one or two in number, are found beside 
the cephalic vein, between the Pectoralis major and the Deltoid, immediately 
below the clavicle. Their efferents pass through the clavipectoral fascia to 
reach the apical group of the axillary glands, or, more rarely, they may pass 
across the clavicle to reach the lower deep cervical group. 

3. Isolated lymph glands, small in size, are sometimes found in the forearm 
along the radial, ulnar and interosseous vessels, in the cubital fossa near the 
bifurcation of the brachial artery, and in the arm along the medial side of the 
brachial vessels. 

The lymphatic drainage of the superficial tissues of the upper limb. — The 
superficial lymph vessels begin in the lymphatic plexuses in the skin. 

In the Imnd, the meshes of the plexus are much finer on the palmar than 
on the dorsal surface. The digital plexuses are drained by vessels which run 
along the borders of the digits to reach the web, where they receive vessels 
from the distal part of the pahn and then pass backwards to reach the dorsal 
surface of the hand (figs. 803, 805). The rest of the palm is drained by vessels 
which pass proximaUy towards the wrist, medially to join vessels along the 
ulnar border of the hand, and laterally to join those on the thumb. Several 
collecting vessels from the central part of the palmar plexus unite to form a 
trunk which winds round the metacarpal bone of the index finger to join the 
dorsal vessels from the same finger and from the thumb. 

In the forearm and arm, the superficial lymph vessels run, for the most 
part, in company with the superficial veins. Collecting vessels from the hand 
pass into the forearm on all aspects of the wrist. 

The vessels on the dorsum, after running vertically upwards parallel with 
one another, finally pass successively round the borders of the Hmb to join 
vessels on the front (fig. 805). The vessels on the front of the wrist pass up 
the forearm parallel with the median antebrachial vein, to the cubital region. 
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Beyond this point they follow the medial border of the biceps muscle and, 
piercing the deep fascia at the anterior axillary fold, they end in the lateral 
group of axillary lymph glands. 

The vessels on the lateral side of the wrist become associated in the forearm 
with the cephalic vein. They follow it to the level of the insertion of the 
Deltoid, where most of them incKne medially to enter the lateral group of axillary 
lymph glands ; a few continue with the cephahc vein and end in the infra- 
clavicular glands. These lateral lymph vessels receive the vessels which wind 
round the lateral border of the limb from the posterior surface. 


FiCr, 804 . — ^The lymph vessels of the mammary gland, and the axillary lymph glands. 
Semi-diagrammatic. (Poirier and Charpy.) 
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The vessels on the medial side of the wrist follow the basilic vein in the 
forearm. Just above the elbow some of them end in the supratrochlear lymph 
glands. The efferents from these, together with the medial vessels which have 
not ended in the supratrochlear glands, pierce the deep fascia with the basilic 
vein, and end in the lateral group of axillary glands or join the deep vessels. 
The vessels which wind round the medial border of the limb from the back 
join those of this medial set. 

The collecting vessels from the front and back of the deltoid region pass 
respectively round the anterior and posterior axillary folds to end in the 
axillary lymph glands. The skin over the scapular region is drained by vessels 
which either end in the subscapular group of axillary glands, or follow 
the transverse cervical vessels and end in the lower deep cervical lymph 
glands. 

The lymphatic drainage of the deep tissues of the upper limb. — The deep 
lymph vessels follow the main bundles of vessels and nerves (radial, uJnar, inter- 
osseous and brachial) and end in the lateral axillary lymph glands. They are 
less numerous than the superficial vessels, with which they communicate at 
intervals. Along their course there are a few deep lymph glands. 

The muscles of the scapular region are drained by vessels which pass mainly 
to the subscapular group of axillary lymph glands. The lymph from the 
pectoral muscles is drained into the pectoral, central and apical groups. 
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The lymphatic drainage of the breast. — The lymph vessels of the jimmmary 
gland originate in a plexus in the interlobular spaces and in the walls of the 
lactiferous ducts. Those from the central part of the gland enter an intricate 
plexus which is situated beneath the areola. This plexus also receives the 
lymph vessels from the skin over the central part of the gland, and from the 
areola and nipple. 


Fig, 805. — ^The IjTnphatic drainage of the superficial tissues of the upper 
limb. Posterior aspect. Semi-diagrammatie. 



The efferent lymph vessels from the greater part of the mammary gland 
anastomose with the lymphatic plexus in the fascia on the Pectoralis major 
muscle, and subsequently end in the pectoral group of axillary glands ; one 
vessel from the upper part of the gland pierces the Pectoralis major, and 
ends in the apical group of axillary glands. Through this fascial plexus 
also the lymph vessels from the medial part of the gland communicate with 
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(a) the internal mammary l 3 rmph glands (p. 876), and ip) with the l3miph 
vessels of the opposite breast. The lymph vessels from the lower and medial 
parts of the mammary gland anastomose with a lymphatic plexus on the 
sheath of the upper part of the rectus abdominis, and on the front of the 
linea alba between the xiphoid process of the sternum and the seventh costal 
cartilage ; although no direct communications between this plexus and the 
lymph vessels in the subperitoneal areolar tissue have been demonstrated by 
injection, the clinical and pathological investigations of W. Sampson Handley* 
leave no doubt that such exist. 

Applied Anatomy . — Enlargement of the axillary lymph glands is very often found in 
malignant disease and also in infective processes implicating the upper part of the back 
and shoulder, the front of the chest and mammary gland, the upper part of the front and 
side of the abdomen, or the hand, forearm, and arm. 

In operations for cancer of the breast the fascia covering the Pectoralis major and the 
adjoining muscles is removed over a wide area on account of the connexions and ramifica- 
tions of the lymphatic plexus which it contains. In addition the axillary lymph glands, 
the sternocostal head of Pectoralis major and, frequently, the Pectoralis minor are taken 
away, in the endeavour to ensure, as far as possible, the complete removal of infected 
lymph vessels. 


THE LYMPHATIC DRAINAGE OF THE LOWER LIMB 

All the l 3 unph from the lower limb, with the exception of that from the 
gluteal and ischial regions, traverses a terminal group of lymph glands in the 
groin. Before reaching these terminal glands the lymph may have passed 
through outlying, intermediary glands, which, however, are less numerous in 
the lower hmb than they are in other parts of the body. 

The terminal lymph glands are named the inguinal lymph glands, and they 
are in two sets : superficial and deep. 

The superficial inguinal lymph glands (fig. 806) are themselves arranged in 
two groups, upper and lower. The group, usually 5 or 6 in number, forms 
a chain imme^ately below the inguinal ligament. The lateral members of 
the group receive afferent vessels from the gluteal region and from the adjoining 
part of the anterior abdominal wall below the umbilicus. The medial members 
of the group receive the superficial lymph vessels from the external genitalia 
(including in the female the vagina below the hymen), from the lower part of 
the anal canal and the circumanal region, from the adjoining part of the anterior 
abdominal wall below the umbilicus and uterine lymph vessels which run 
along the round ligament of the uterus. 

The Icrwer group, usually four or five in number, is disposed vertically 
along the terminal part of the long saphenous vein. They receive all the 
superficial lymph vessels of the lower hmb, with the exception of those from the 
back and lateral side of the calf of the leg. 

All the superficial inguinal lymph glands send their efferents to the external 
niac lymph glands, some traversing the femoral canal, others passing in front 
of or lateral to the femoral vessels. In addition numerous vessels connect the 
individual glands one with another. 

The deep inguinal lymph glands vary from one to three in number, and are 
placed deep to the fascia lata, on the medial side of the femoral vein. When 
three are present, the lowest is situated just below the junction of the long 
saphenous and femoral veins, the middle in the femoral canal, and the highest 
in the lateral part of the femoral ring. The middle one is the most inconstant, 
but the highest is frequently absent. They receive as afferents the deep lymph 
vessels which accompany the femoral vessels, the lymph vessels from the glans 
penis (or glans chtoridis), and, possibly, a few of the efferents from the superficial 
inguinal lymph glands ; their efferents pass through the femoral canal to the 
external iliac lymph glands. 

* Cancer of the Breast and its Treaiment, 2n.d edition, 1922, and “ The Breast,*’ Choyce's 
System of Surgery y 2nd edition, vol. ii. 
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The outlying, intermediary lymph glands are few in number and are all 
deeply placed. Except for a gland which is sometimes present on the upper 
part of the interosseous membrane of the leg in relation with the anterior tibial 
vessels, they are restricted to a single group found in the popliteal fossa. 

The popliteal lymph glands (fig. 807), small in size and six or seven in 
number, are imbedded in the fat contained in the popliteal fossa. One lies near 
the termination of the short saphenous vein, and drains the region from which 
this vein derives its tributaries. Another is placed between the popliteal artery 
and the posterior surface of the knee-joint ; it receives the lymph vessels from 
the knee-joint together with those which accompany the genicular arteries. 
The remainder lie at the sides of the popliteal vessels, and receive as afierents 
the trunks which accompany the anterior and posterior tibial vessels. The 
efferents of the popliteal lymph glands pass almost entirely alongside of the 
femoral vessels to the deep inguinal lymph glands, but a few may accompany 
the long saphenous vein and end in the superficial inguinal lymph glands. 

Applied Ariatomy , — Inflammation and suppuration of the popliteal lymph glands are 
most commonly due to a sore on the lateral side of the heel. 

The superficial inguinal lymph glands frequently become enlarged in diseases implicat- 
ing the parts from which their lymph vessels originate. Thus in malignant or syphilitic 
affections of the prepuce and penis, or labia majora, in cancer of the scrotum, in abscess 
in the perineum, anus and lower part of the vagina, or in similar diseases affecting the 
skin and superficial structures in those parts, or the infra-umbilical part of the abdominal 
wall, or the gluteal region, the upper group of lymph glands is almost invariably enlarged, 
the lower group being implicated in diseases affecting the lower limb. 

The lymphatic drainage of the superficial tissues of the lower limb. — ^The 
superficial lymph vessels begin in the lymphatic plexus.es beneath the skin. 
Collecting vessels leave the foot in two sets — a medial set, whose vessels follow 
the general course of the long saphenous vein, and a lateral set, associated 
with the short saphenous vein. 

The vessels of the medial group are larger and more numerous than those 
of the lateral group and begin on the tibial side of the dorsum of the foot. They 
ascend, some in front of the medial maUeolus and others behind it, and accom- 
pany the long saphenous vein to the groin, where they end in the lower group 
of the superficial inguinal lymph glands. The vessels of the lateral group begin 
on the fibular side of the dorsum of the foot. Some of them cross the front 
of the leg to joiii the vessels of the medial group and so reach the lower group of 
the superficial inguinal lymph glands ; others accompany the short saphenous 
vein and end in the pophteal lymph glands. 

The superficial lymph vessels of the buttock pass round to the front of the 
limb and terminate in the upper group of the superficial inguinal lymph glands. 

The lymphatic drainage of the deeper tissues of the lower limb. — The deep 
lymph vessels accompany the main blood-vessels of the limb and so comprise 
anterior tibial, posterior tibial, peroneal, popliteal and femoral sets. The deep 
lymph vessels of the foot and leg are interrupted by the popliteal lymph glands, 
but those from the thigh pass direct to the deep inguinal lymph glands. 

The deep lymph vessels of the gluteal and ischial regions follow the course 
of the corresponding blood-vessels. Those accompanying the superior gluteal 
vessels end in. a lymph gland which lies on the intrapelvic portion of the superior 
gluteal artery, near the upper border of the greater sciatic foramen. Those 
following the inferior gluteal vessels traverse one or two small lymph glands 
which He below the piriformis muscle, and end in the internal ihac lymph 
glands. 


THE LYMPHATIC DRAINAGE OP THE ABDOMEN AND PELVIS 

The lymph from most of the abdominal wall and from all the abdominal 
viscera except a small part of the liver is returned to the blood-stream via the 
thoracic duct. The lymph vessels run with the corresponding arteries. The 
lymph glands comprise a large number of outlying, intermediary groups which 
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are placed along the arteries concerned, and a smaller number of terminal 
groups which are all in close relation with the abdominal aorta. 

The aortic lymph glands comprise three principal groups of terminal lymph 
glands and one subsidiary group, each of which, though not sharply separated 
from the others topographically, nevertheless has its own particular area of 
drainage for the most part. These four groups are named according to their 
relation to the abdominal aorta, viz., pre-aortic, lateral aortic (right and left), 
and retro-aortic. The pre-aortic group drains the viscera supplied by the 
ventral branches of the aorta, i.e. the abdominal part of the alimentary canal 
and its derivatives. The lateral aortic groups ^ain the viscera and other 
structures supplied by the lateral and dorsal branches of the aorta and receive 
the efferents from the large, outlying groups associated with the iliac arteries. 
They therefore constitute the terminal groups for the suprarenal glands, 
kidneys, ureters, testes, ovaries, pelvic viscera (apart from the gut) and the 
posterior abdominal wall. The retro-aortic group has no particular area of 
drainage. Although it may have been primarily associated with the drainage 
of the posterior abdominal wall, it may be regarded as being formed by outlying 
members of both lateral aortic groups. 

A. The Pee-aortic Lymph Glands and their Area or 
Drainagb. 

The pre-aortic l3rcnph glands lie in close relationship wdth the anterior 
surface of the abdominal aorta. They receive lymph from the outlying, 
intermediary lymph glands associated with the subdiaphragmatic part of the 
alimentary canal, the pancreas, liver and spleen. Their efferents unite to form 
the intestinal trunk ^ which enters the cistema chyh. They are divisible into 
coeUac, superior mesenteric and inferior mesenteric groups, which are in intimate 
relationship with the origins of the arteries of the same names. 

In the alimentary canal the lymph vessels begin as minute subepithelial 
radicles, blind at one end but opening at the other into a fine periglandular 
plexus. In the small intestine a central lacteal occupies each villus. From 
the periglandular plexus vessels pierce the muscularis mucosae and join the 
submucous plexus, efferents from which pass through the muscular coat, where 
they anastomose more or less freely, before entering the suhserous plexus. The 
main collecting vessels arise from the suhserous plexus and follow the course 
of the corresponding artery. Nodules of lymphoid tissue, either solitary or 
aggregated, are interposed along the course of the deeper vessels and function 
like lymph glands. 

The collecting vessels from the alimentary canal pass through outlying 
groups of Ijnnph glands before reaching the pre-aortic group. 

1. The coeliac lymph glands and their areas of drainage. — The coeliac lymph 
glands lie on the front of the abdominal aorta close to the origin of the coeliac 
artery. They are the terminal group for the stomach, duodenum, Hver, gall 
bladder, pancreas and spleen, and their afferents are derived from the outlying 
lymph glands which are placed along the branches of the coeLiao artery. Of 
these there are, therefore, three main sets, viz. — agastric, hepatic and pan- 
creaticosplenic. 

(i) The gastric lymph glands (figs. 808, 809) consist of three sets, left gastric, 
right gastro-epiploic and pyloric. 

The left gastric lymph glands (superior gastric lymph glands) accompany the 
left gastric artery and are divisible into three groups, viz. : {a) upper, on the 
stem of the artery ; [h) lower, accompanying the descending branches of the 
artery along the cardiac half of the lesser curvature of the stomach, between the 
two layers of the lesser omentum ; and (c) paracardial, disposed in a manner 
comparable to a chain of beads around the cardiac orifice of the stomach 
(Jamieson and Dobson).* They receive their afferents from the stomach, and 
also some vessels from the pylorus ; their efferents pass to the coeliac group of 
pre-aortic lymph glands. 

The right gastro-epiploic lymph glands (inferior gastric lymph glands), four 
to seven in number, lie between the two layers of the greater omentum along the 
* J. K. Jamieson and J. F. Dobson, Lancet, April 20th and 27th, 1907. 
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pyloric half of the greater curvature of the stomach in relation with the vessels 
of the same name. They receive afferents from the stomach ; their efferents 
mostly pass to the pyloric lymph glands. 

The pyloric lymph glands (subpyloric lymph glands of Jamieson and Dobson), 
four or five in number, lie in close relation to the bifurcation of the gastro- 
duodenal artery, in the angle between the first and second parts of the duodenum ; 
an outlying member of this group is sometimes found above the duodenum 
on the right gastric artery. They receive afferents from the pyloric part of 
the stomach, the first part of the duodenum, and the right gastro-epiploic 
glands ; their efferents end in the coeliac group. 

(ii) The hepatic l 3 miph glands (fig. 808) are related to the stem of the hepatic 
artery, and extend upwards along the bile-duct, between the two layers of the 
lesser omentum, as far as the portgt hepatis ; one member of this group, termed 
the lymph gland, is placed near the neck of the gall-bladder. The l3nnph 

Fig. 808. — ^The lymphatic drainage of the stomach, etc. (Jamieson and Dobson.) 

Paracardial lymph glands 



Bight gastro-epiploic lymph glands 


glands of the hepatic chain receive afferents from the stomach, duodenum, liver, 
gall-bladder, and pancreas ; their efferents join the coeliac group. 

(iii) The pancreaticosplenic lymph glands (fig. 809) accompany the splenic 
(lienal) artery, and are situated in relation to the posterior surface and upper 
border of the pancreas ; one or two members of this group are found in the 
gastrosplenic ligament (Jamieson and Dobson, he. cit.). Their afferents are 
derived from the stomach, spleen, and pancreas ; their efferents join the coeliac 
group. 

{a) The lymphatic draiTiage of the stomach and duodenum. — The lymph 
vessels of the stomach (figs. 808, 809) are continuous at the cardiac orifice with 
those of the oesophagus, and at the pylorus with those of the duodenum. They 
follow the blood-vessels for the most part, and may be arranged in four sets . The 
first set accompanies the branches of the left gastric artery, receives tributaries 
from a large area on both surfaces of the stomach, and terminates in the left 
gastric lymph glands. Those of the second set drain the fundus and body of 
the stomach on the left of a line drawn vertically from the oesophagus ; they 
accompany, more or less closely, the short gastric and left gastro-epiploic 
vessels and end in the pancreaticosplenic lymph glands. The third set drains 
the right part of the greater curvature as far as the pyloric portion, and ends 
in the right gastro-epiploic lymph glands, the efferents of which pass to the 
pyloric group. Those of the fourth set drain the pyloric portion and pass to 
the hepatic, pyloric, and left gastric lymph glands. Although the vessels of 
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these sets communicate with one another, their valves are arranged so that 
the lymph flow is directed from the left part of the stomach towards the lesser 
curvature and from the right part towards the greater curvature.* 

The lymph vessels of the duodenum comprise an anterior and a posterior 
set, which open into a series of small pancreaticoduodenal lymph glarids, on the 
anterior and posterior parts of the groove between the head of the pancreas and 
the duodenum. The efferents of these glands run in two directions, upwards 
to the hepatic lymph glands, and downwards to the pre- aortic lymph glands 
around the origin of the superior mesenteric artery. 

Fig. S09. — The lymph vessels and glands of the stomach, etc. The stomach has been 



(b) The lymphatic drainage of the liver and gall-bladder. — The collecting 
vessels from the liver are divisible into two main groups — superficial and deep. 

The superficial lymph vessels of the liver run in the subserous areolar tissue 
over the whole surface of the organ. They drain in four directions. (1) From 
the middle part of the posterior surface, from the caudate lobe, from the 
posterior part of the convex surfaces of both lobes near the attachment of the 
falciform ligament, and from the posterior part of the inferior surface of the 
right lobe the vessels accompany the inferior vena cava and end in glands 
round the terminal part of that vessel. (2) The vessels from the remainder of 
the inferior surface, and from the anterior part of the convex surface of both 
lobes near the attachment of the falciform ligament converge on the porta 
hepatis and end in the hepatic group of glands. (3) From the posterior part ' 
of the left lobe a few vessels pass towards the oesophageal opening in the dia- 
phragm and end in the paracardial glands. (4) From the remainder of the 
convex surface of the right lobe one or two trunks accompany the phrenic 
artery across the right crus of the Diaphragm and end in the coeliac glands. 

* J. H. Gray, J(mrnxiL of Anatomy t vol. Ixxi. 1937, 
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The deejp lymph vessels of the liver join one another to form ascending and 
descending trxinks. The ascending trunks accompany the hepatic veins and, 
passing through the vena caval opening, end in the glands round the termination 
of the inferior vena cava. The descending trunks emerge from the porta 
hepatis and end in the hepatic lymph glands. 

The collecting vessels from the gall-bladder pass to the cystic gland and the 
hepatic glands ; those from the bile-ducts end in the hepatic glands alongside 
the bile-duct and in the upper pancreaticosplenic glands. 

(c) The lymphatic drainage of the pancreas, — The lymph vessels of the 
pancreas follow the course of its blood-vessels. Most of them end in the 
pancreaticosplenic glands, but some end in the glands along the pancreatico- 
duodenal vessels and others in the superior mesenteric group of the pre-aortic 
glands. 

(d) The lymphatic drainage of the spleen. — The collecting vessels from the 
spleen comprise a superficial set and a deep set, both of which end in the 
pancreaticosplenic lymph glands. 

2. The superior and inferior mesenteric lymph glands and their area of 
drainage. — ^The superior and inferior mesenteric lymph glands lie on the front 
of the abdominal aorta close to the points of origin of the arteries of the same 
names. They are the terminal groups for the alimentary canal from the 
duodenojejunal flexure to the upper part of the rectum, and receive afierents 
from the outlying groups which lie along the jejunal, ileal, colic and superior 
rectal arteries. 

(а) The lymphatic drainage of the jejunum and ileum. — The lacteals pass 
between the layers of the mesentery, but, before reaching the superior mesen- 
teric glands, the lymph passes through the lymph glands of the mesente^. 
These vary from one hundred to one hundred and fifty in number and comprise 
three sets, viz. — one lying close to the wall of the intestine amongst the terminal 
twigs of the jejunal and ileal arteries : a second, in relation to the loops and 
primary branches of the same vessels ; and a third, along the upper part of the 
trunk of the superior mesenteric artery. The lymph from the terminal few 
inches of the ileum follows the ileal branch of the ileocolic artery to end in the 
ileocolic lymph glands. 

Applied Anatomy , — ^Enlargement of the mesenteric lymph glands is seen in most dis- 
eased conditions of the intestinal tract, and is well marked in enteric fever, ttiibercnlous 
ulceration or malignant growths of the bowel. The enlarged lymph glands can often be 
palpated through the waU of the abdomen. 

(б) The lymphatic drainage of the colon. — The lymph from the colon drains 
into both the superior and the inferior mesenteric lymph glands, in accordance 
with the arterial supply of this part of the gut. Outlying groups of lymph 
glands, which are placed along the course of the colic, ileocolic and superior 
rectal arteries, are interposed on the pathway of the colic lymph vessels. 

The l 3 nnph glands of the colon are divided into four groups (Jamieson and 
Dobson, loc. cit.) : {a) epicolic, (6) paracolic, (c) intermediate colic and (d) term- 
inal coho. 

The epicolic lymph glands are merely minute nodules situated on the wall 
of the gut. The paracolic lymph glands he along the medial borders of the 
ascending and descending colon, and along the mesenteric borders of the 
transverse and pelvic colon. The intermediate colic lymph glands he along 
the right, middle and left cohc arteries. The terminal colic lymph glands are 
placed on the main trunks of the superior and inferior mesenteric arteries, 
and are in direct continuity with the corresponding pre-aortic lymph glands. 

The pararectal lymph glands he in contact with the muscular coat of the 
rectum. Their efferents pass to an intermediate group around the superior 
rectal artery (superior haemorrhoidal artery), and thence to the lymph glands 
at the origin of the inferior mesenteric artery. Others pass to the lymph 
glands at the bifurcation of the common ihac artery. 

The ileocohc lymph glands (figs. 810, 811), from ten to twenty in number, 
form a chain around the ileocohc artery, but show a tendency to subdivision 
into two groups, one near the duodenum and another on the lower part of the 
trunk of the artery. Where the vessel divides into its terminal branches the 
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chain is broken up into seyeral ^oups, viz. : (a) ileal, in relation to the ileal 
branch of the artery ; (6) anterior ileocolic, usually three in number, in the 

Fig. 810. — The lymph vessels and glands of the caecum and vermiform appendix. 
Anterior aspect. (OTamieson and Dobson.) 

Duodenum 



ileocsecal fold, near the wall of the c^cum ; (c) posterior ileocolic, mostly placed 
in the angle between the ileum and the colon, but partly lying behind the 


Fig. 811. — The lymph vessels and glands of the caecum and vermiform appendix. 
Posterior aspect, (Jamieson and Dobson.) 
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caecum at its junction with the ascending colon ; {d) a single gland in the mes- 
entery of the vermiform appendix. 

The lymph vessels of the vermiform appendix and coecum (figs. 810, 811) are 
numerous, since there is a large amount of lymphoid tissue in the walls of these 
parts of the digestive tube. From the body and tip of the vermiform appendix 
eight to fifteen vessels ascend between the layers of its mesentery, one or two 
being interrupted in the lymph gland which lies in this peritoneal fold. They 
unite to form three or four vessels, which end partly in the lower and partly 
in the upper lymph glands of the ileocolic chain. The vessels from the root of 
the vermiform appendix and from the caecum comprise an anterior and a 
posterior group. The anterior vessels pass in front of the caecum, and end in 


Tig. 812. — The lymph vessels and glands of the colon. (Jamieson and Dobson.) 



the anterior ileocolic lymph glands and in the upper and lower lymph glands 
of the ileocolic chain ; the posterior vessels ascend over the back of the caecum 
and terminate in the posterior ileocolic lymph glands and in the lower lymph 
glands of the ileocolic chain. 

Lymph vessels of the colon (fig. 812). — ^The lymph vessels of the ascending 
and transverse parts of the colon end in the superior mesenteric lymph glands, 
after traversing the right colic and middle colic lymph glands. Those of the 
descending and pelvic parts of the colon are interrupted by the small lymph 
glands on the branches of the left colic arteries, and ultimately end in the pre- 
aortic lymph glands around the origin of the inferior mesenteric artery. 

(c) The lymphatic drainage of the rectum and anal canal. — The lymph vessels 
of the anal canal accompany the mferior rectal (inferior haemorrhoidal) vessels 
across the ischiorectal fossa, run with the internal pudendal vessels through the 
pudendal canal, and open into the internal iliac lymph glands. The lymph 
vessels from the lower part of the rectum join in a plexus on the levator ani, and 
then enter the internal iliac lymph glands ; those from the upper part of the 
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rectum accompany the superior rectal vessels, and, after traversing the para- 
rectal lymph glands, enter the lymph glands near the bifurcation of the common 
iliac artery ; vessels pass from the highest pararectal lymph glands to the 
lymph glands in the pelvic mesocolon, and the efferents of these glands end in 
the pre-aortic Ijmiph glands around the origin of the inferior mesenteric artery. 

The lymph vessels of the anm pass forwards and end with those of the skin 
of the perineum and scrotum in the superficial inguinal lymph glands. 


B. The Lateeal Aoettc LyjViph Glands and theie 
Aeea of Deainage. 

The lateral aortic lymph glands lie on each side of the abdominal aorta in 
front of the medial margin of the Psoas major, the crus of the Diaphragm and 
the S 3 mipathetic trunk. On the right side some members of the group lie to 
the lateral side of the inferior vena cava and in front of the vessel near the 
termination of the right renal vein. Afferents reach the lateral aortic glands 
from the structures supphed by the lateral and dorsal branches of the aorta 
and from the outlying lymph glands associated with the iliac arteries and 
their branches. Efferents from the lateral aortic lymph glands on each side 
form the lumbar trunk, and the right and left lumbar trunks terminate 
in the cistema chyli. A few efferents may pass to the pre-aortic and retro- 
aortic groups. 

The lymph vessels from the kidney and the abdominal portion of the 
ureter, from the posterior abdominal wall, from the testis in the male, and from 
the ovary, the uterine tube and the upper part of the uterus in the female aU 
pass directly .to the lateral aortic lymph glands without being interrupted by 
any intermediary group. The lymph vessels from the pelvis and most of the 
pelvic viscera and from the lateral and anterior parts of the abdominal waU 
pass first through outlying groups which are associated for the most part with 
the ihac arteries and some of their branches. They include the following 
groups : 

Common ihac. Inferior epigastric. 

External ihac. Circumflex ihac. 

Internal ihac. Sacral. 

The common iliac lymph glands, four to six in number, are grouped behind 
and on the sides of the common ihac artery, one or two (subaortic) being placed 
below the bifurcation of the aorta in front of the fifth lumbar vertebra or the 
promontory of the sacrum. They receive afferents from the external and 
internal ihac lymph glands, and send their efferents to the lateral aortic 
group. 

The external iliac lymph glands, about eight to ten in number, he along the 
external ihac vessels. They are usuahy in three groups, one on the lateral side, 
another on the medial side, and a third in front of the vessels, but the last- 
named group is inconstant. They receive afferents from the inguinal lymph 
glands (p. 862), from the deeper layers of the infra-umbihcal part of the ab- 
dominal wah, from the deep part of the adductor region of the thigh, from the 
glans penis vel chtoridis, the membranous urethra, the prostate, the fundus of 
the urinary bladder, the cervix uteri and part of the vagina. Their efferents 
pass to the common ihac lymph glands. The inferior epigastric and the 
circumflex iliac lymph glands, which are associated with the vessels of the same 
names and drain the corresponding areas, are outlying members of the external 
iliac group. They are inconstant in number. 

The internal iliac lymph glands surround the internal ihac vessels. They 
receive afferents from all the pelvic viscera, from the deeper parts of the 
perineum, and from the muscles of the buttock and back of the thigh. Their 
efferents pass to the common iliac lymph glands. The sacral lymph glands, 
which are placed along the median and lateral sacral vessels, and the obturator 
lymph gland, which is sometimes present in the obturator canal, are outlying 
members of the internal ihac group. 

1. The lymphatic drainage of the urinary tract, — {a) The kidney , — ^The 
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lymph vessels of the kidney begin in three plexuses : one in the substance of 
the organ between and around the renal tubules ; a second beneath the fibrous 
capsule ; and a third which communicates freely with the subcapsular plexus, 
in the renal fat. The collecting vessels from the intrarenal plexus form 
four or five trunks which follow the renal vein and end in the lateral aortic 
lymph glands ; as they issue from the hilum they are joined by the collecting 

Fig. 813. — The lymph glands of the pelvis. Semi-diagrammatic. 


Pre-aortic Ivmmh 



vessels from the subscapular plexus. The plexus in the renal fat drains directly 
into the lateral aortic lymph glands. 

(6) The ureter , — The lymph vessels of the ureter begin in submucous, 
intramuscular and adventitial plexuses which communicate with each other. 
The collecting vessels from the upper part of the ureter may join the renal 
collecting vessels or may pass directly to the lateral aortic lymph glands near 
the origin of the testicular (or ovarian) artery ; those from the succeeding 
part pass to the common iliac lymph glands ; and those from the pelvic part 
of the ureter may end in the common, the external or the internal iliac lymph 
glands. 
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(c) The bladder , — The lymph vessels of the bladder take origin in three 
plexuses — a submucous,* an intramuscular and an extramuscular. The 
collecting vessels, nearly all of which end in the external iliac lymph glands, 
are arranged in three sets : the vessels from the region of the trigone emerge 
on the base of the bladder and run upwards and laterally ; those from the 
superior surface converge on the posterolateral angle and then pass upwards 
and laterally across the lateral umbilical ligament to reach the external iliac 
glands (one of the vessels of this set may go to the internal or common ihac 
group) ; those from the inferolateral surface pass towards its upper part and 
then run with those from the superior surface. Minute nodules of lymphoid 
tissue may be found along the course of the lymph vessels of the bladder. 


Fig. 814. — ^Th© lymphatic drainage of the urinary bladder. Semi-diagraromatic. 



{d) The urethra, — (i) The vessels from the prostatic and membranous parts 
in the male, and from the whole urethra in the female, pass mainly to the 
internal iliac lymph glands ; a few may end in the external iliac glands. The 
vessels from the membranous part accompany the internal pudendal artery. 

(ii) The vessels of the spongy urethra in the male accompany those of the 
glans penis and end in the deep inguinal lymph glands (p. 862). * Some may 
terminate in the superficial inguinal glands, and others may pass along the 
inguinal canal to reach the external iliac group. 

2.. The lymphatic drainage of the male reproductive organs. — (a) The testis . — 
The lymph vessels of the testis commence in two plexuses — ^a superficial, under 
the tunica vaginalis, and a deep, in the substance of the testis and in the 
epididymis. Four to eight collecting trunks ascend in the spermatic cord and 
accompany the testicular vessels as they lie on the psoas major muscle ; they 
end in the lateral aortic and pre-aortic lymph glands.t 

* See opiratoire des voies urmaires, J. Albarran, Paris, 1909 ; and Anatomie 

des lymphMigues de Vhomme, H. Rouvi^re, Paris, 1932. 

t “The Lymphatics of the Testicle,” by J. K.. Jamieson and J. F. Dobson, Lancet, 
February 19th, 1900. 
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(c) The scrotum and penis . — The skin covering these parts is drained by 
vessels which, together with those of the whole of the perineal skin, pass along 
the course of the external pudendal blood-vessels to the superficial inguinal 
lymph glands. The lymph vessels of the glans penis pass to the deep inguinal 
and external iliac groups. 

3. The lymphatic drainage of the female reproductive organs. — {a) The 
ovary . — The lymph vessels of the ovary, like those of the testis, ascend along 
the ovarian artery to the lateral aortic and pre-aortic lymph glands. 

{h) The uterus and uterine tube . — ^The , lymph vessels of the uterus comprise 
two sets : a superficial, beneath the peritoneum, and a deep, in the substance 
of the uterine wall. The collecting vessels from the cervix pass in three 


875 


THE LYIMPHATIC DRAINAGE OF THE THORAX 

directions : laterally in the parametrium to the external iliac lymph glands ; 
posterolaterally to the internal iliac glands ; and backwards in the sacrogenital 
fold to the sacral glands. Most of the vessels from the body and fundus of the 
uterus and from the uterine tube accompany those of the ovary to the lateral 
aortic and pre-aortic glands; a few, however, pass to the external iliac 
glands. The region near the point of entry of the uterine tube is drained 
by vessels which accompany the round ligament and so reach the superficial 
inguinal lymph glands. The lymph vessels of the uterus enlarge greatly during 
pregnancy. 

(c) The vagina . — The lymph vessels of the vagina anastomose with those 
of the cervix uteri, the rectum and the vulva. They are in three groups, but 
the areas drained by the three sets are not sharply demarcated. " The vessels 
from the upper part accompany the uterine artery to the external iliac lymph 
glands. The middle part is drained by vessels which accompany the vaginal 
artery and end in the external iliac glands. The vessels of the vagina below 
the hymen, the vulva, and the skin of the perineum as a whole pass to the 
superficial inguinal Ijnnph glands. 

4. The lymphatic drainage of the abdominal wall. — ^The l3rmph vessels of 
the abdominaJ wall are in two sets : superficial, in the superficial fascia ; and 
deep, draining the muscles, etc. 

The superficial lymph vessels accompany the superficial blood-vessels. 
Those from the loin and buttock run with the superficial circumflex iliac 
vessels, and those from the skin of the anterior wall below the umbilicus with 
the superficial epigastric vessels. Both sets pass to the superficial inguinal 
lymph glands. The part above the umbilicus is drained by vessels most of 
which run obliquely upwards to end in the pectoral and subscapular groups 
of the axillary lymph glands ; a few end in the internal mammary lymph 
glands (p. 876). 

The deep lymph vessels accompany the deep arteries. Those from the 
posterior abdominal wall pass directly, along the course of the lumbar arteries, 
to the lateral aortic and retro-aortic lymph glands ; those from the upper part 
of the anterior abdominal wall run with the superior epigastric vessels to reach 
the internal mammary lymph glands ; those of the lower part end in the 
circumflex iliac, inferior epigastric, and external iliac lymph glands. The 
lymph vessels of the pelvic waU follow the internal iliac artery and its parietal 
branches and end in the iliac or lateral aortic lymph glands. 


THE LYMPHATIC DRAINAGE OF THE THORAX 

The lymphatic drainage of the thorax may be considered under two head- 
ings : (A) drainage of the thoracic walls, and (B) drainage of the thoracic, 
contents, and it should be noted that the glands on the lymphatic pathways 
of the thorax cannot be divided into terminal and outlying groups, as, with a 
few exceptions, the lymph glands concerned drain into the thoracic duct or the 
right lymphatic duct or one of their larger tributaries. 

A. Lymphatic Drainage of the Thoracic Wales. 

1. The superficial tissues . — The superficial lymph vessels of the thoracic 
wall ramify beneath the skin and converge on the axillary lymph glands. Those 
over the trapezius and latissimus dorsi run forwards and unite to form about 
ten or twelve trunks which end in the subscapular group. Those over the 
pectoral region, including the vessels from the skin covering the peripheral part 
of the mammary gland, run backwards, and those over the serratus anterior 
upwards, to the pectoral group. Others near the lateral margin of the sternum 
pass inwards between the rib cartilages and end in the internal mammary 
lymph glands, while the vessels of opposite sides anastomose across the front 
of the sternum. A few vessels from the upper part of the pectoral region ascend 
over the clavicle to the inferior deep cervical lymph glands. 
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2\ The deeper tissues , — The lymph vessels from the deeper tissues of the 
thoracic walls drain mainly into three sets of glands — the internal mammary, 
the intercostal and the diaphragmatic. 

{a) The internal mammary lymph glands (sternal lymph glands) are four or 
five in number on each side, and are placed (fig. 816) at the anterior ends 

of the intercostal spaces, by the side of the in- 
Fig. 816 . — ^The right sternal temal mammary artery.* They derive afierents 

lymph from the medial part of the mammary gland, from 
^ ^ the deeper structures of the anterior abdominal 

wall above the level of the umbilicus, from the 
upper surface of the hver through a small group 
of lymph glands which lies behind the xiphoid 
process, and from the deeper parts of the anterior 
portion of the thoracic wall. Their efferents 
usually unite to form a single trunk ; this may 
open directly into the junction of the internal 
jugular and subclavian veins, or that of the right 
side may join the right subclavian trunk, and that 
of the left the thoracic duct. 

(6) The intercostal lymph glands He in the 
posterior parts of the intercostal spaces and in 
relation to the heads and necks of the ribs. They 
receive the deep lymph vessels from the postero- 
lateral aspect of the chest ; some of these vessels 
are interrupted by small lateral intercostal lymph 
glands. The efferents of the lymph glands in the 
lower four or five spaces unite to form a trunk 
which descends and opens either into the cistema 
chyH or into the commencement of the thoracic 
duct. The efferents of the lymph glands in the 
upper spaces of the left side end in the thoracic 
duct ; those of the corresponding right spaces, 
in the right lymphatic duct. 

(c) The diaphragmatic lymph glands lie on the 
thoracic surface of the diaphragm, and consist of three sets, anterior, right and 
left lateral. 

The anterior set comprises [a) two or three small lymph glands behind the 
base of the^ xiphoid process, which receive afferents from the convex surface 
of the liver, and (6) one or two lymph glands on each side near the junction 
of the seventh rib with its cartilage, which receive lymph vessels from the front 
part of the Diaphragm. The efferent vessels of the anterior set pass to the 
internal mammary lymph glands. 

The lateral sets consist of two or three lymph glands on each side close to . 
where the phrenic nerves enter the Diaphragm. On the right side some of the 
lymph glands of this group lie within the fibrous wall of the pericardium on 
the front of the termination of the mferior vena cava. The afferents of this 
set are derived from the middle part of the Diaphragm, those on the right side 
also receiviag afferents from the convex surface of the Hver. Their efferents 
pass to the posterior mediastinal lymph glands. 

posterior set consists of a few lymph glands situated on the back of the 
crura of the Diaphragm, and connected on the one hand with the lumbar lymph 
glands, and on the other with the posterior mediastinal lymph glands. 

The collecting lymph vessels from the deeper tissues comprise : 

[a) The lymph vessels of the muscles which He on the ribs : most of these 
end in the axiHary lymph glands, but some from the PectoraHs major pass to 
the internal mammary lymph glands. (6) The intercostal lymph vessels which 
drain the Intercostales and parietal pleura ; those from the anterior half of 
the thoracic waH and pleura end in the internal mammary lymph glands ; those 
from the posterior half, in the intercostal lymph glands, (c) The lymph vessels 
of the Diaphragm, which form two plexuses, one on its thoracic and another on 
its abdominal surface ; these plexuses anastomose freely with each other, and 
* E. P. Stibbe, Journal of Anatomy^ vol. lii. 
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are best marked on the parts covered respectively by the pleurse and peritoneum. 
The plexus on the thoracic surface unites with the lymph vessels of the costal 
and mediastinal parts of the pleura, and its efferents consist of three groups : 
anterior, passing to the anterior diaphragmatic lymph glands, which he near 
the junction of the seventh rib with its cartilage ; middle, to the lymph glands 
on the oesophagus and to those around the termination of the inferior vena 
cava ; and posterior, to the lymph glands which surround the aorta at the 
point where this vessel leaves the thoracic cavity. The plexus on the abdominal 
surface is composed of fine vessels, and anastomoses with the lymph vessels 


Fig. 817. — The tracheobronchial lymph glands. (From a figure designed by M. Hall6.) 
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of the liver and, at the periphery of the Diaphragm, with those of the sub- 
peritoneal tissue. The efferents from the right half of this plexus terminate 
partly in a group of lymph glands on the trunk of the corresponding phrenic 
artery, while others end in the right lateral aortic lymph glands. Those from 
the left half of the plexus pass to the pre-aortic and lateral aortic lymph glands 
and to the lymph glands on the terminal portion of the oesophagus. 


R. Lymphatic Drainage of the Thoracic Contents. 

The lymph from the thoracic viscera traverses one or other of three sets of 
lymph glands, viz. innominate, posterior mediastinal and tracheobronchial, 
before entering the thoracic duct, the right lymphatic duct or another lymph 
vessel which itself enters one of the great veins at the root of the neck. 

The umominate lymph glands (anterior mediastinal lymph glands) are placed 
in the anterior part of the superior mediastinum, in front of the innominate 
veins and the large arterial trunks which arise from the aortic arch. They 
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receive afferents from the thymus and pericardium, and from the lateral 
diaphragmatic lymph glands ; their efferents unite with those of the tracheo- 
bronchial lymph glands, to form the right and left bronchomediastinal trunks. 

The posterior mediastinal lymph glands lie behind the pericardium in relation 
to the oesophagus and descending thoracic aorta. Their afferents are derived 
from the oesophagus, the posterior part of the pericardium, the Diaphragm, and, 
occasionally, the left lobe of the liver. Their efferents mostly end in the thoracic 
duct, but some join the tracheobronchial lymph glands. 

The tracheobronchial lymph glands (fig. 817) form five main groups, and 
include some of the largest lymph glands in the body*: {a) paratracheal, at the 
sides of the thoracic part of the trachea ; {h) superior tracheobronchial, in the 
angles between the lower part of the trachea and bronchi ; (c) inferior tracheo- 
bronchial in the angle between the two bronchi ; {d) bronchopulmonary, in the 
hilum of each lung ; and (e) pulmonary, in the lung substance, on the larger 
branches of the bronchi. These groups are not sharply demarcated from one 
another. The pulmonary lymph glands become continuous at the hilum of the 
lung with the bronchopulmonary glands, and they in turn are continuous with 
the inferior and superior tracheobronchiai glands, while the latter are continuous 
with the paratraoheal group. The afferents of the tracheobronchial lymph 
glands drain the lungs and bronchi, the thoracic part of the trachea, and the 
heart ; some of the efferents of the posterior mediastinal lymph glands also end 
in this group. Their efferent vessels ascend upon the trachea and unite with 
efferents of the internal mammary and innominate lymph glands to form the 
right and left bronchomediastinal trunks. The right bronchomediastinal trunk 
may join the right lymphatic duct, and the left the thoracic duct, but more 
frequently they open independently of these ducts into the junction of the 
internal jugular and subclavian veins of their own side. 

Applied Anatomy , — ^In all town-dwellers there are continually being swept into these 
lymph glands from the bronchi and alveoli large quantities of the dust and black car- 
bonaceous pigment that are so freely inhaled in cities. In tuberculosis of the lungs these 
lymph glands are practically always infected ; they enlarge, bemg filled with tuberculous 
deposits that may soften, or become fibrous, or calcify. Not mfrequently an enlarged 
tuberculous lymph gland perforates into a bronchus, discharging its contents into the tube. 
When this happens there is great danger of acute pulmonary tuberculosis, the infecting 
gland-substance being rapidly spread throughout the bronchial system by the coughing 
induced by its presence in the air-passages, 

1. The lymphatic drainage of the heart. — The lymph vessels of the heart 
consist of two plexuses : (a) deep, immediately under the endocardium, and 
(b) superficial, subjacent to the visceral pericardium. The deep plexus opens 
into the superficial, the efferents of which form left and right collecting trunks. 
The left trunks, two or three in number, ascend in the anterior interventricular 
groove, receiving, in their course, vessels from both ventricles. On reaching 
the atrioventricular (coronary) sulcus they are joined by a large trunlr from 
the diaphragmatic surface of the heart, and then unite to form a single vessel, 
which ascends between the pulmonary artery and the left atrium, and ends, 
usually, in one of the inferior tracheobronchial lymph glands. The right trunk 
receives its afferents from the right atrium and from the right border and 
diaphragmatic surface of the right ventricle. It runs upwards in the atrio- 
ventricular groove, close to the right coronary artery, and then ascends in 
front of the ascending aorta to terminate in one of the innominate lymph glands, 
usually to the left of the median plane. 

2. The lymphatic drainage of the lungs and pleurae. — The lymph vessels 
of the lungs originate in two plexuses, a superficial and a deep. The super- 
ficial plexus is placed beneath the pulmonary pleura ; the deep accompanies 
the branches of the pulmonary vessels and the ramifications of the bronchi. 
In the case of the larger bronchi the deep plexus consists of two networks 
— a submucous, beneath the mucous membrane, and a peribronchial, outside 
the walls of the bronchi. In the smaller bronchi there is but a single plexus, 
which extends as far as the bronchioles, but fails to reach the alveoli, in the 
walls of which there are no traces of lymph vessels. The superficial efferents 
turn round the borders of the lungs and the margins of their fissures, and 
converge to end in the bronchopulmonary lymph glands ; the deep efferents 
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are conducted to the hilum along the pulmonary vessels and bronchi, and 
end, for the most part, in the bronchopulmonary lymph glands. Xo free 
anastomosis occurs between the superficial and deep lymph vessels of the 
lungs, except in the region of the hilum. In the peripheral parts of the lung 
small connecting channels do exist between the superficial and the deep 
lymph vessels and, although they are difficult to demonstrate in injected 
specimens, they are capable of becoming dilated so as to direct the lymph 
flow from the deep to the superficial vessels, when the outflow from the deep 
vessels is obstructed by disease of the lung or pulmonary glands. At the 
bottom of the fissures the lymph vessels of the adjoining lobes communicate 
with one another, so that although there is a general tendency for the lymph 
vessels from the upper lobes of the lungs to pass to the superior tracheo- 
bronchial lymph glands and for those from the lower lobes to join the inferior 
tracheobronchial group, these connexions are not exclusive. 

The lymph vessels of the pleura consist of two sets — one in the visceral 
and another in the parietal part of the membrane. Those of the visceral pleura 
drain into the superficial efferents of the lung, while those of the parietal pleura 
have three modes of ending, viz. : (a) those of the costal portion join the 
lymph vessels of the internal intercostal muscles and so reach the internal 
mammary lymph glands ; (6) those of the diaphragmatic part are drained by 
the efferents of the diaphragm ; while (c) those of the mediastinal portion end 
in the posterior mediastinal lymph glands. 

3. The lymphatic drainage of the thymus . — The lymph vessels of the thymus 
end in the innominate, tracheobronchial, and internal mammary lymph glands. 

4. The lymphatic drainage of the oesophagus . — The lymph vessels of the 
oesophagus form a plexus round that tube, and the collecting vessels from the 
plexus drain into the posterior mediastinal lymph glands. 



NEUROLOGY 


INTBODUCTOEY 

E Nervous System is the mechanism by which all, save the lowest, forms 
of animal life are enabled to react to their environment. In addition, the 
nervous system controls and regulates the activities of all the other systems of 
the body and determines their harmonious co-operation, for the benefit of the 
organism as a whole. 

The irritability inherent in living protoplasm obviates the necessity for an 
elaborate mechanism m such simple forms as the amoeba, and is responsible 
for the way in which the animal responds to stimulation. When a mechanical 
stimulus is applied to an amoeba, it throws out pseudopodia on the side removed 
jfrom the stimulus and retreats in that direction. Such a reaction would be of 
little value to a multicellular organism, and the first step towards the evolution 
of the nervous system is the development of a contractile tissue akin to plain 
muscle. In the Sponges this tissue is situated close to the surface and it responds 

to direct stimulation, but this 
arrangement provides for the 
possibility of localised move- 
ments only. In addition to the 
development of a contractile 
tissue (or effector apparatus) a 
mechanism must be developed 
for the reception of stimuli 
{receptor apparatus) and for their 
transmission to the whole effec- 
tor apparatus, before generalised 
movements, which constitute 
a notable advance along the 
path of evolution, can become 
possible. 

The cuticle is developed in 
order to protect the more deli- 
cate vital tissues of the animal 
against its environment, and it 
is not surprising to find that 
some of the ectodermal cells 
become specialised so as to enable them to appreciate alterations in the 
environment. The most primitive of these sensory cells possess two pro- 
cesses, of which the one projects from the surface of the cuticle and the 
other grows inwards to establish contact with the effector (fig. 818, a). Many 
of these primitive sensory cells migrate more deeply mto the subcuticular 
tissues, leaving their peripheral processes in the ectodermal layer, where they 
may lie free or may arborise around the bodies of other sensory cells (fig. 818, h). 
In Coelenterata, which exhibit the simplest form of nervous system, sensory 
cells are scattered over the cuticle and are linked up to a subcuticular ganglion 
cell plexus, the constituents of which are connected both to the effector appar- 
atus and to one another. Such an arrangement enables a localised stimulus to 
bring about a generalised response ; and, in addition, it provides for the 
correlation of a number of incoming stimuli and for the co-ordination of the 
outgoing response (fig. 818, c). This diffuse type of nervous system, though 
admirably adapted to the needs of such an animal as Hydra, whose movements, 
though generalised, are limited in character, gives way to a centralised arrange- 
ment in higher forms, where the motor possibilities are much more numerous 
and varied. 


Fig. 818. — Diagramraatic representation of the 
evolution of the most primitive type of nervous 
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In the segmented types, the diffuse ganglion cell plexus of the Coelenterata 
is separated into an appropriate number of segmental ganglia, which are con- 
nected not only to the receptors and effectors of their own segments but also to 
one another. Incoming stimuli can be distributed and correlated so as to bring 
about a co-ordinated response affecting a large number of segments and, as a 
result of the centralisation, the efficiency and the speed of the response are 
greatly increased. 

In these simpler forms of nervous system the response to stimulation is 
immediate, and the same stimulus, repeated under the same conditions, always 
provokes the same response. The behavioural reactions of such animals are 
therefore stereotyped in charater, for they have not acquired the power of 
iohibition or the ability to register past experience, and plasticity of behaviour 
is impossible in the absence of these two factors. 

With the evolution of vertebrates the nervous system imderwent further 
changes, the most important of which was the development of a suprasegmental 
controlling centre, namely the brain, already foreshadowed in annelid worms by 
the large ganglia found in the head region. Owing to the elongated form of the 
body and the mode of progression, it is the head end of the animal which is 
subject to the greatest number of afferent impressions, and this number is 
enormously increased by the development of the olfactory and of the visual 
apparatus in the same situation. These factors determined the enlargement 
of the cephalic end of the nervous system, and its further growth followed, 
in the first place, from the necessity to link up with the rest of the nervous 
system in order that olfactory, visual and other stimuli received by the brain 
might be able to produce an effector response involving any part or even the 
whole of the motor system. The power to delay the immediate localised 
reactions to local stimuli in any part of the body, in view of contrary stimuli 
coming from the head region, became xirgently necessary m order to aUow time 
for the complete correlation of afferent impressions from all sources. The 
acquisition of this power of inhibition was an enormous step forward in mental 
development. The animal ceased, partially at least, to react instantaneously 
and reflexly to all incoming stimuh, and the interval of time so introduced 
enabled the ultimate response to take on a purposive character. At this 
stage in the evolution of the nervous system a localised stimulus may be 
followed by one of several results. It may produce an immediate, local response, 
an immediate general response, a delayed response, or the response may be 
inhibited completely. 

The acquisition of the power to register past experience is the last and 
greatest step forward in mental development, and it has only been rendered 
possible by additional growth of the brain and the establishment of association 
areas in the cortex. Tins new acquisition of the nervous system is well developed 
in the mammalia, and the higher an animal is in the evolutionary scale the 
more numerous are its association areas and their connexions. The registration 
of past experience exerts a very profound influence on behaviour, endowing 
it with greater plasticity and increasing the complexity of aH behavioural 
reactions. The dominance of man in the animal world is to be attributed 
to a further elaboration of the association areas, which enables him to benefit 
not only by his own past experience, but also, through the medium of education, 
by the past experience of others. 


The FuHOTiONAii Components of the Nervous System 

The definition of the nervous system which was given at the beginning of 
this section covers two spheres of activity. It is through the nervous system 
that an animal is enabled to react to alterations m or to stimuli from its 
external environment, and it is through the nervous system that all the other 
systems of the body are governed and controlled, so that their activities are 
(firected towards the good of the animal as a whole. These two components 
of the nervous system are designated the somatic and the splanchnic or visceral 
components, and they have much- in common. * Both components are provided 
with- a series of receptors and of effectors, and the translation of a stimulus 
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applied to a receptor into an effector response is brought about by the mech- 
anism of the nervous system which has already been outlined. 

The somatic component deals with the reception, translation and trans- 
mission of stimuli which originate in the somatic receptors and result in alter- 
ations in the locomotor apparatus of the body. It can be subdivided into an 
afferent or centripetal and an efferent or centrifugal side. The somatic receptors 
are formed by a series of end-organs, situated in or close to the skin, in the 
muscles, tendons and joints (p. 1216). The receptors found in or close to the 
skin receive their stimuli from the external environment. The term exteroceptive 
is applied to the variety of sensibility to which they give rise. Painful, tactile, 
thermal, pressure, olfactory, visual and auditory stimuli are all exteroceptive 
in character. The receptors found in the muscles, tendons and joints have 
their source of stimulation within the body and are independent of the external 
environment. The variety of sensibility to which they give rise is termed 
proprioceptive. Sensations of movements, both active and passive, and sen- 
sations of posture are proprioceptive in character. These constituents of 
proprioceptive sensibility, like all the constituents of exteroceptive sensibility, 
succeed in reaching consciousness, on account of the fact that they ultimately 
reach the cerebral cortex or the thalamus. There are, however, constituents 
of proprioceptive sensibility which never intrude into consciousness. They 
are responsible for the muscular adjustments which are constantly necessary 
during the performance of any movement, however simple. 

The somatic efferent component includes the effector apparatus of the body 
and the series of neurones which activate them. It may be brought into play 
either by the exteroceptive or by the proprioceptive constituents of the somatic 
afferent component. 

The splanchnic component comprises that portion of the nervous system 
which regulates and controls the activities of the blood-vessels, the secretory 
glands and the viscera. Like the somatic component it can be subdivided 
into an afferent and an efferent side. Special end organs are associated with 
the reception of stimuli in the walls of the viscera, and the effector apparatus 
is represented by the glandular epithelial cells and the involuntary muscle 
of the viscera and the blood-vessels. Under normal conditions the splanchnic 
component of the nervous system is constantly at work, but its activities are 
carried out without intruding into consciousness. When all the viscera are 
working efiSiciently and harmoniously a characteristic feeling of well-being is 
experienced. It is uncertain whether this is to be regarded as the appearance 
in consciousness of the splanchnic afferent component, but, if so, it is necessary 
to postulate the existence of splanchnic centres in the forebrain, and evidence is 
accumulating to show that such centres do actually exist (p. 966). That, under 
abnormal conditions, the activities of the splanchnic component do intrude into 
consciousness is a matter of everyday observation. The occurrence of pain as a 
sign of such conditions probably indicates that the neurones constituting the 
splanchnic afferent component are linked up by means of collaterals with the 
neurones of the somatic afferent component. Stimuli which give rise to tactile 
or painful impressions when applied to the skin or subcutaneous tissue do not 
give rise to similar impressions when applied to the viscera, and yet pathological 
conditions, especially those leading to increased tension of the muscular 
walls of viscera, can and do give rise to pain. Whether such visceral pain 
is due to the passage of painful stimuli along the visceral afferent path- 
ways or whether it is due to the spread of abnormal stimuli from the visceral 
to the somatic afferent pathways by means of collaterals cannot be decided 
satisfactorily. 

The activities of these two great components of the nervous system are 
the basis of the conscious hfe. From the correlation and association of the 
impulses which stream into the nervous system from the afferent components 
are built up those sensory combinations which confer the power of controlling 
behaviour in the light of past experience and constitute the phenomenon 
of memory. The co-ordinated impulses which pass out along the efferent 
components and result in positive reactions, or in the iohibition of such reactions, 
are all dependent on the efferent components and constitute the behaviour 
of the individual. Behaviour can only manifest itself through the effector 
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apparatus, and the more it is influenced by past experience the more purposeful 
does it become. Throughout the whole of evolution there has been a steady 
increase in the purposive character of behaviour, due to the elaboration of 
the connexions within a centralised nervous system. 

The constituents of the somatic afferent component have been analysed still 
further. Head and other investigators have examined the effects of sections of 
peripheral nerves and posterior nerve roots, and the phenomena associated with 
the return of sensation after division followed by suture, and after crushing 
without division. As a result of his observations Head divided general sens- 
ibility into (a) cutaneous and (6) deep sensibility, and he further (Sfferentiated 
two varieties of cutaneous sensibility as (1) epicritic and (2) protopathic. 
Epicritic sensibility localises tactile and painful stimuli, differentiates neighbour- 
ing degrees of temperature and appreciates very light touch.' It is discriminative 
in quality and is abolished when the post- central gyms of the cortex is des- 
troyed. Protopaihio sensibility recognises tactile and painful stimuli, but has 
no power of localisation and can distinguish between extremes of temperature 
only. It is not abolished when the cerebral cortex is destroyed, for it can reach 
consciousness in the thalamus. Deep sensibility includes aU the varieties of 
proprioceptive sensibility and, in addition, responds to, and localises, pressure 
stimuli of all kinds.* 

Stopford has analysed deep sensibility into two varieties analogous to the 
epicritic and protopathic components of cutaneous sensibility. He recognises 
a finer element, which appreciates sensations of posture, and localises accurately 
both pressure and pressure pain, and a cmder element which recognises pressure 
and pressure pain without any power of localisation. 

There is, then, in both cutaneous and deep sensibility, a finer, discriminative 
element which requires for its full appreciation that the cortex of the postcentral 
gyrus should be intact, and a cruder element which can reach consciousness in 
the thalamus. These two elements, as will be seen later, travel by different 
pathways in the spinal cord, and the pathway followed by the cruder 
element is, as might have been guessed, phylogeneticaUy the older of the two. 
Kappers has suggested the terms gnostic and vital for these two elements. 
Gnostic sensibility is of predominant importance for the intellectual life and 
vital sensibility for the animal hfe. 


The Stbtjctxjhe of the Nervous System 

Nerve cells constitute the units of structure in the nervous system. They 
exhibit a remarkable range of variation, dependent, apparently, on the part- 
icular functions with which they are associated, but although they may and 
do vary in the details of their stmcture, in size and in shape, they all possess 
certain features in common. Nerve cells are specialised to enable them to 
receive and to transmit nervous impxdses and, with certain exceptions to be 
noted later, they are provided with a cell body, one or more receiving processes 
or dendrites, and one transmitting process or axon. The precise character of a 
nervous impulse is imcertain, but it possesses many properties which suggest 
an analogy with an electrical current and, fortunately, for a clear understanding 
and appreciation of the anatomy of the nervous system defiboite knowledge on 
this point is not essential. 

The cell body or cyton is provided with a limiting membrane, which may 
serve to insulate it from its surroundings. In certain situations, e.g. sym- 
pathetic ganglia and the posterior nerve root ganglia of the spinal nerves, the 
membrane is surrounded by a nucleated capsule (fig. 819), which is structurally 
continuous with the neurolemma sheath of the axon. The Golgi apparatus, 
which has been described as a regular feature of many of the cells of the body 
(p. 2), was first demonstrated in nerve cells. A system of fine intrac 3 rfcoplasmic 

* Many neurologists regard the phenomena associated with the return of sensation as 
pathological in character, or as dependent on changes which accompany regeneration, hut, 
on the whole, the balance of the available evidence supports the view that there are two 
distinct elements in general sensibility. For a full discussion of these views and a list of 
references to the literature, see Sensation and the Sensory Pathway, by J. S. B. Stopford, 
London, 1930. 
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canals, first described by Holmgren, is present in some ganglion cells * Two 
positive features, which are not found elsewhere, serve to differentiate nerve 
cells from the cells of all other tissues. (1) The presence in the cjdjoplasm of a 
number of granules which stain deeply with basic anilin dyes and are known as 
NissVs bodies or spindles (fig. 50). (2) The presence in the cytoplasm of a 

number of neurofibrils (p. 39). 

A very important negative feature also helps to differentiate nerve- cells 
from other cells in the body. Owing to the high degree of specialisation which 
they have attained nerve- cells have lost the power of reproduction, and as a 
result the centrosome, which plays such an important part in the process of 
cell division, is conspicuous by its absence. 

The nucleus of the nerve-cell is large and usually spherical in shape, but 
it presents no differentiating features and is probably concerned with the 

metabolic processes of the cell and has 


Fig. 819. — ^Three types of nerve-cells from 
a spinal ganglion of a cat. Stained with 
haematoxylin and eosin. x350. (The 
nuclei of the cells lining the capsule are 
shown in the left-hand figure only.) 


no direct influence on its special funct- 
ional activities. 

It will be seen, therefore, that apart 
from the possession of NissFs bodies 
and neurofibrils and the loss of the 



centrosome, the cell body of a nerve- cell 
does not differ markedly from the 
cells of other tissues in the body. The 
processes with which it is provided 
are, however, in nearly all varieties of 
nerve- cells, a very striking and char- 
acteristic feature. The dendrites are 


. characterised by the repeated and irreg- 

ular manner in which they divide into 
branches. These branches begin to 
’ ' arise close to the cell body, and their 

' terminal filaments rarely extend beyond 

its immediate neighbourhood. They 
are always confined to the grey substance of the nervous system or of the 
various ganglia. They represent extensions of the cytoplasm of the nerve-cell, 
and they therefore contain Nissl’s bodies in addition to neurofibrils. A large 
Nissl’s body is situated at the bifurcation cone, the point of origin of the first 
branch, and, owing to the reduction in size due to repeated branching, the 
NissFs bodies become progressively smaller as the dendrites are traced towards 
their terminal arborisations. Numerous minute swellings, the significance of 
which is uncertain, are found studded along the dendrites and their branches. 

No diBficulty need be experienced in distinguishing the axon. The area of 
the cell body from which it arises forms a shght surface projection, termed 
the implantation cone or cone of origin, and is devoid of Nissl’s bodies. The 
neurofibrils converge on the implantation cone and enter the axon, forming 
practically the whole of its bulk. The axon may give off one or more collaterals 
soon after leaving the cell, but these come off at right angles to its course and 
are readily distinguished from the branching of a dendrite. The axon is, as a 
rule, very much longer than the dendrites and may extend as much as 100 cm. 
from its origin before it breaks up into a terminal arborisation, the form of 
which depends in part on the function of the parent cell. Where this terminal 
arborisation is not related to an actual effector it ends in relationship with the 
dendrites or body of another nerve-cell. In the majority of cases the ends 
of the axon interlace with the branches of the dendrites of another cell, and 
this intimate relationship is termed a synapse. The structure of the axon and 
its medullary and neurolemma sheaths is described in detail on pp. 40-42. 
The neurolemma sheath plays a very important part in the regeneration of 
nerve-fibres, and it must be noted that those fibres which do not extend 


beyond the central nervous system are devoid of a neurolemma sheath, although 
they are usually myelinated. Some of the axons of the grey matter of the 
brain and spinal cord are entirely naked. They are very fine and threadlike 
and never extend far from their parent cells. Another variety of nerve-fibre is 


* See footnote on p. 885. 
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found in the S 3 iTnpathetic system. These axons are unmyelinated but are 
provided with nucleated neurolemma sheaths (Remak’s fibres). 

The neurone includes the cell body and all of its processes. Waldeyer’s 
Neurone Theory holds that each neurone is an independent unit and that, 
although nervous impulses pass from one neurone to another at a synaptic 
junction, there is no structural continuity between them. This view has been 
attacked from time to time, but it still receives very general support from 
neurologists. Striking evidence iu its favour can be obtained by observing the 
effects of injury or disease of the cell body. The NissFs bodies undergo chrom- 
atolysis and eventually disappear not only from the cell body but also from 
the dendrites. The neurofibrils become swollen and hypertrophied at first, 
and later they break up and may disappear completely, a degenerative process 
which the dendrites and the axon share with the ceU body. These changes, 
however, are strictly limited to the neurone concerned and do not extend 
beyond synaptic junctions. Again, section of the axon is followed by degener- 
ative changes, usually of a transient character, in the cell body. They include 
the fragmentation of the Golgi apparatus and its displacement towards the 
periphery of the cell.* Each neurone, therefore, can be regarded as an inde- 
pendent structural unit, but functionally neurones are interdependent on one 
another to a remarkable extent, and every nervous impulse passes through a 
series of neurones before it reaches the appropriate effector. 

It should be observed that two features in the anatomy of the nerve- cell, 
(1) the profusion of its dendiites 

and (2)the coUateralsgivenoff by Fig. 820. — ^The brain of a human embryo about 
its axon, facilitate the correlation 10*2 mm. long. Right lateral aspect. (From 
and association of afferent im- a model by His.) 
pressions and the co-ordination 
of efferent impulses, which are 
the essentia] factors in mental 
development. By the profusion 
of the branches of its dendrites 
the cell is brought into functional 
relationship with a large number 
of other cells, and by means of 
the collaterals given off by its 
axon the cell is able to discharge 
its stimuli into a large number 
of different channels. 

The Parts oe the Nervous 
System 

We have seen already (p. 60) 
that even prior to the closure of 
the neural tube three primary 
enlargements occur at its cephalic 
end. After the closure of the 
tube these enlargements consti- 
tute the three primary cerebral 
vesicles and, by further develop- 
ment and growth, they give rise 
to the brain. From the cephalic 
portion of the prosencephalon, 
or forebrain, two symmetrical diverticula arise during the fourth week of intra- 
uterine life to form the cerebral hemispheres, and their cavities persist tlirough- 
out life as the lateral ventricles of the brain. The enormous expansion and 
thickening which the walls of these two vesicles undergo is characteristic of the 
mammalia and especially of man, and gives rise to the cortex or pallium and 
the corpus striatum. Together with the lamina terminalis, the anterior blind 

* See a paper by W. G. Penfield, “ The Golgi Apparatus and its Relationship to Holm- 
gren’s Trophospongium in Nerve-cells,” Anat, Record, vol. 22. 
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end of the original tube, which serves to connect them, and certain structures 
on the base of the brain to be described later, the cerebral hemispheres con- 
stitute the telemejphalon. The caudal part of the prosencephalon constitutes 
the diencephalon. Its lateral walls become greatly thickened and form the 
thalami, while its cavity, reduced to a deep slit, forms the third ventricle of the 
brain. The growth of the diencephalon is quite overshadowed by the growth of 
the cerebral hemispheres, and it becomes completely hidden from surface view. 
The mesencephalon, as contrasted with the prosencephalon and the rhomben- 
cephalon, undergoes remarkably few changes. The thickening of its walls reduces 
its vesicle to a short canal — ^the aqueduct of the mid-brain — which connects 
the caudal end of the third to the cranial end of the fourth ventricle. 

The rhombencephalon, or hind-brain, becomes subdivided into a cephalic 
portion, termed the metencephalon, and a caudal portion, termed the myelen- 
cephalon. From the lateral walls and floor plate of the cephalic portion the 
pons is developed, while its originally thin roof plate becomes invaded by the 

cells of the rhombic lip (p. 1 12), 
and converted into the cere- 
bellum. The caudal portion 
gives rise to the medulla 
oblongata. The cavity of the 
vesicle of the hind-brain be- 
comes the fourth ventricle of 
the brain, communicating in 
front with the third ventricle 
through the aqueduct of the 
mid-brain, and behind with 
the central canal of the spinal 
cord. 

These derivatives of the 
three primary cerebral vesi- 
cles, viz. the cerebrum (telen- 
cephalon plus diencephalon), 
the mid^brain, the pons and 
cerebellum and the medulla 
oblongata, lie within the cavity 
of the cranium and together 
constitute the brain. 

The remainder of the neural tube gives rise to the spinal cord, which still 
retains a vestige of its original tubular character in its central canal. 

The mid-brain, pons and medulla oblongata, connect the cerebrum above, 
to the spinal cord below, and may be termed collectively the brain-stem. 

The brain and the spinal cord con‘stitute the central nervous system, and are 
situated in the central axis of the body. The nerves which arise from the brain 
(twelve pairs of cranial nerves) and from the spinal cord (thirty-one pairs of 
spinal nerves) together form the peripheral nervous system. 

It has already been indicated that the nervous system as a whole is sub- 
divisible into a somatic and a visceral mechanism, and the components of these 
two mechanisms contribute both to the central and to the peripheral nervous 
system. 

The somatic components of the central and peripheral nervous systems 
may be grouped together under the term ‘ cerebrospinal system,' in contra- 
distinction to the ‘ autonomic system,' which comprises all the components 
of the visceral mechanism. The autonomic system, however, includes two 
ganglionated nerve trunks (the sympathetic trunks), which lie on the ventri- 
lateral aspect of the vertebral column extending from the atlas to the coccyx, 
where these two trunks fuse in an unpaired ganglion (the ganglion impar). 
These two trunks receive their visceral efferent components from a strictly 
limited region of the spinal cord which extends from the first (sometimes 
the second) thoracic to the second or third lumbar segment. Visceral efferent 
components, however, are distributed directly by certain of the cranial nerves 
(third, seventh, ninth, tenth and eleventh) and by the second, third and fre- 
quently the fourth sacral nerves. It has been found experimentally that the 


Fig. 821. — scheme showing the connexions of the 
several parts of the brain. (After Schwalbe.) 
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visceral efferent components of these cranial and sacral nerves are usually 
functionally antagonistic to the visceral efferent components of the sympathetic 
trunks, and that. they may react differently to certain pharmacological agents. 
The autonomic system has therefore been divided into two constituent parts, 
the sympathetic and the parasympathetic. The former comprises the two 
ganglionated trunks, and their numerous subsidiary ganglia and their branches. 
The parasympathetic system comprises the craniosacral outflow of visceral 
efferent components together with such visceral afferent components as they may 
convey in addition. Small ganglia, which may be situated on the walls of the 
viscera concerned, are placed in the course of the efferent parasympathetic fibres. 

It is characteristic of the autonomic system that the efferent fibres from the 
central nervous system do not, like the nerves of the cerebrospinal nervous 
system, pass direct to the effectors, but terminate in a ganglion where they 
are relayed. It is customary, therefore, to use the terms " preganglionic and 
postganglionic ’ fibres with reference to the last stages in the path to the 
visceral effectors. The afferent fibres of the autonomic system, however, are 
strictly comparable to the afferent fibres of 

the cerebrospinal system. They traverse Fig. 822. — sagittal section through 

asg,^a,mtlioutmtormpttonmdev«>tu. ^ 

ally reach the ganglion on the sensory root the filum terminale. (Testut.) 
of a spinal or cranial nerve where their / 

parent cells are situated. 


THE CENTRAL NERVOUS SYSTEM 

It is now possible to commence the 
detailed study of the structures which 
constitute the central nervous system. 
They include the spinal cord (medulla 
spinalis), the medulla oblongata, the pons, 
the cerebellum, the mid-brain and the cere- 
brum. It will be found convenient to com- 
mence with the study of the spinal cord, 
which represents the simplest and most 
primitive part of the central nervous system, 
and, although it contains the terminals 
of the great efferent pathways, it also con- 
tains the origins and early stages of a 
number of the great afferent pathways. 
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The SpiNAii Cord 

The spinal cord [medulla spinalis] is the 
elongated, nearly cylindrical, part of the 
central nervous system which occupies the 
upper two-thirds of the vertebral canal. 

Its average length in the male is 45 cm. ; ^ 

its weight is about 30 gms. It extends ' 

from the level of the upper border of the su.^Wond ver 

atlas vertebra to that of the lower border 2 . Low part o( tube of dura mater 3 . Lower 
r n , -i .1 11 end of spinal cord. 4. Intradural, and 5, extra- 

01 the first lumbar vertebra, or upper border dural portions of fiium terminale. e. Attach- 

of the second. Above, it is continuous with 
the brain ; below, it tapers off rapidly 

into a conical extremity (%. 824) termed the conus meduUaris, from the apex 
of which a delicate non-nervous fdament, named the filum terminale, descends 
as far as the first segment of the coccyx (fig. 822). 

The position of the spinal cord varies with fhe movements of the vertebral 
column, its lower extremity being raised slightly when the column is flexed. 
It also varies at different periods of life : in early foetal life the spinal cord is as 
'long as the vertebral canal, but after the embryo has attained a length of 
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30 mm. the vertebral column begins to grow more rapidly than the spinal cord, 
and the latter gradually assumes a higher position within the vertebral canal. 
The chief part of this upward migration occurs during the first half of foetal 
life, so that by the twenty-fifth week of foetal life the lower end of the spinal 
cord has ascended from the level of the second coccygeal vertebra to that of 
the third lumbar vertebra, i.e. a distance of nine segments, and there remain 
but two segments before the adult position is reached (Streeter). In the early 
embryo the nerve-roots pass transversely outwards to their respective inter- 
vertebral foramina, but owing to the relative inequality in the rates of growth 
of the spinal cord and vertebral column, the nerve-roots become more and 
more oblique in direction, so that in the adult the lumbar and sacral nerve- 
roots descend almost vertically to reach their foramina. Erom the appearance 
these nerve-roots present at their attachment to the spinal cord and from their 
great length they are collectively termed the cauda equina (fig. 824). 

The brain and the spinal cord are ensheathed by three protective membranes 
separated from each other by spaces. The membranes are named from without 
inwards the dura mater, the arachnoid mater, and the pia mater (fig. 823). 


Fig. 823. — transverse section through the spinal cord and its 
membranes. Diagrammatic. 



The dura mater, a strong, fibrous membrane, forms a wide, tubular sheath 
around the spinal cord and ends below in a pointed cul-de-sac at the level of 
the lower border of the second sacral vertebra. The dura mater is separated 
from the wall of the vertebral canal by the extradural space, which contains a 
quantity of areolar tissue, fat, and a plexus of veins ; between the dura mater 
and the sub j acent arachnoid is the subdural space, a capillary interval containing 
a small quantity of fluid, probably of the nature of lymph. The arachnoid 
maier is a thin, transparent sheath which ends at the lower border of the second 
sacral vertebra ; it is separated from the pia mater by the subarachnoid space, 
which contains cerebrospinal fluid. The pia mater closely invests the spinal 
cord and sends some delicate septa into its substance ; from each side of the 
pia mater a fibrous band, named the ligamentum denticulatum, projects into 
the subarachnoid space, and is attached by a series of pointed processes to the 
inner surface of the dura mater. 

A detailed description of these membranes is given on pp. 1023 to 1030. 

Thirty-one pairs of spinal nerves spring from the spinal cord, each nerve 
having an anterior and a posterior root, the latter being distinguished by the 
presence of an oval swelling, termed the spinal ganglion. Each root consists of 
several bundles of nerve-fibres, and at its attachment extends for some distance 
along the side of the spinal cord. The pairs of spinal nerves are grouped as 
follows : cervical 8, thoracic 12, lumbar 5, sacral 5,' coccygeal 1, and, for 
convenience of description the spinal cord is divided into cervical, thoracic, 
lumbar, and sacral regions, corresponding with the attachments of the different 
groups of nerves. 
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Although no trace of transverse segmentation is visible on the surface of the 
spinal cord, it is convenient to regard it as being built of a series of super- 
imposed spinal segments or muromeres, to each of which is attached a pair of 
spinal nerves. 

The filum termivxik (figs. 824, 825) Fio. 825.— Diagrams of the spinal cord, 
is a delicate filament, about 20 cm. 


long, continued downwards from the 
apex of the conus meduUaris. Its 
upper part, ov filum termiimle internum, 
about 15 cm. long, is continued within 
the tubular sheath of dura and arach- 
noid mater, and reaches as far as the 
lower border of the second sacral 
vertebra. It is surrounded by the 
nerve-roots forming the cauda equina, 


Fig. 824. — ^The cauda equina and filum 
tenninale seen from behind.' The dura 
mater has been opened and spread 
out, and the arachnoid mater has been 
removed. 



VEXTEAL ASPECT 
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but can be readily distinguished from them by its bluish-white colour. Its 
lower part, or filum terminale externum, is closely invested by, and adherent 
to, the dura mater ; it descends from the apex of the tubular sheath of dura 
mater and is attached to the back of the first segment of the coccyx. The 
filum terminale consists mainly of fibrous tissue, continuous above with that 
of the pia mater, but adhering to the outer surface of its upper part are a few 
strands of nerve-fibres which probably represent the nerve-roots of rudimentary 
second and third coccygeal nerves ; further, the central canal of the spinal 
cord is continued downwards into it for 5 or 6 cm. 

Enlargements. — The spinal cord is not quite cylindrical, being slightly 
flattened from before backwards ; it also presents two swellings or enlargements, 
an upper or cervical, and a lower or lumbar (fig. 825). 

The cervical enlargement is the more pronounced, and corresponds with the 
attachments of the large nerves of the upper limbs. It extends from the third 
cervical to the second thoracic vertebra, its maximum circumference (about 
38 mm.) being at the level of the roots of the sixth pair of cervical nerves. 


Fig. 826. — transverse section through the mid-thoracic region of the 
spinal cord, x 8. 



Anterior median fissure 


The lumbar enlargement corresponds with the attachments of the nerves of 
the lower limbs. It begins at the level of the ninth thoracic vertebra, and 
reaches its maximum circumference — about 33 mm. — opposite the last thoracic 
vertebra, below which it tapers rapidly into the conus meduUaris. 

Fissures and sulci (fig. 826). — ^An anterior median fissure and a posterior 
median septum incompletely divide the spinal cord mto two symmetrical parts, 
which are joined across the median plane by a commissural band of nervous 
matter. 

The anterior median fissure has an average depth of about 3 mm., but is 
deepest in the lower part of the spinal cord. It contaius a reticulum of pia 
mater, and its floor is formed by a transverse band of white matter, termed the 
anterior white commissure, which is perforated by blood-vessels on their way 
to or from the central part of the spiual cord. 

The 'posterior median sulcus is very shallow ; from it a septum of neuroglia 
reaches rather more than half-way into the substance of the spinal cord ; 
this septum varies in depth from 4 to 6 mm., but diminishes considerably as 
it is traced downwards. 

On each side of the posterior median sulcus, and at a short distance from 
it, the posterior nerve-roots are attached along a vertical fuirow (B.N.A. 
posterolateral sulcus). The portion of the spiual cord which lies between this 
and the posterior median septum is named the posterior white column (posterior 
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funiculus). In the cervical and upper thoracic regions the surface of this 
white column presents a longitudinal furrow (B.N.A. postero^infermediate 
sulcus) : this marks the position of a septum which extends into the posterior 
white column and subdivides it into two fasciculi — a medial, named the fasciculus 
gracilis ; and a lateral, the fasciculus cuTieatus (fig. 831). 

The portion of the spinal cord between the posterolateral sulcus and 
the anterior median fissure is termed the anterolateral region. The anterior 
nerve-roots, unlike the posterior, are not attached in linear series, and their 
positions of exit are not marked by a sulcus ; they arise by separate bundles 
which spring from the anterior grey column and, passing forward through the 
white matter, emerge over an area of some width. The line of emergence of 
the most lateral of these bundles is generally taken as the dividing line which 
separates the anterolateral region into two parts, viz. an anterior white column, 
between the anterior median fissure and the most lateral of the anterior nerve- 
roots ; and a lateral white column, between the exit of these roots and the postero- 
lateral sulcus. In the upper part of the cervical region a series of nerve-roots 
passes outwards through the lateral white column ; these unite to form the 
spinal root of the accessory nerve, which ascends and enters the cranial cavity 
through the foramen magnum (fig. 839), and conveys to the accessory nerve the 
fibres which supply the Stemomastoid and Trapezius. 


Development oe the Spinal Cord 

Although the development of the spinal cord has been dealt with in a 
preceding section (pp. 104-108) the following summary will be foimd useful for 
a proper appreciation of the internal structure of the adult spinal cord. 

The cavity of the neural tube in the region of the spinal cord becomes 
narrowed down to a dorsiventral slit by the growth of its lateral walls. During 
the fifth week of development a longitudinal groove, termed the sulcus limitans, 
appears on the inner surface of the lateral wall. This sulcus is the earliest sign 
of the difrerentiation of the wall into two functionally distinct areas. The 
anterior area, or basal lamina, contains cells which belong to the efrerent 
pathway and are consequently motor in function ; the posterior area, or alar 
lamina, contains cells which belong to the afferent pathway. The cells in the 
anterior part of the basal lamina belong to the somatic efferent component, and 
their axons are distributed to the voluntary musculaturiB of the body. The 
cells in the dorsal part of the basal lamina belong to the visceral efferent 
component and their axons, after being relayed in a sympathetic or parasym- 
pathetic ganglion, are distributed to the involuntary muscle of the viscera and 
blood-vessels. In the highest segments of the spinal cord and the hind-brain 
a third group of cells develops in the basal lamina and lies in an intermediate 
position between the two groups which have just been described. These cells 
distribute their axons to the voluntary muscles which develop in association 
with the visceral or branchial arches (fig. 840). 

This early functional differentiation of the wall of the neural tube is reflected 
in the adult spinal cord, for the nerve- cells retain their primitive relationships 
to a very large extent, as will be seen later. 

The character of the lumen of the tube undergoes a striking change during 
the second and third months of intra-uterine life. Dorsal to the limiting sulcus, 
the walls become approximated and unite with each other so that the lumen 
becomes obliterated in its posterior part, while its anterior part persists as a 
small canal. Incoming fibres from the spinal ganglia collect at first on the 
dorsilateral aspect of the spinal cord, but as growth proceeds and the grey 
matter derived from the alar lamina extends in a dorsilateral direction they 
come to he at first dorsal to it and finally insinuate themselves between it and 
the posterior median septum. 

While these changes are occurring in the alar lamina and the dorsal half 
of the spinal cord the cells of the basal lamina are proliferating rapidly, and 
the grey matter so formed extends in an anterolateral direction. The floor 
plate at first undergoes httle change, so that, as a result of the growth of 
the adjoining grey matter, a surface elevation is produced on each side of 
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the median plane anteriorly, and further growth converts the shallow sulcus — 
which separates them at first — ^into a deep anterior median fissure (figs. 138, 823). 

Nerve-cells and nerve-fibres invade the fioor plate 
and constitute the grey and white commissures. 

Large efferent tracts grow down from the brain 
into the lateral and anterior parts of the spinal 
cord, intervenmg between the surface and the 
derivatives of the alar and basal laminae. Further 
thickening of these areas is produced by the 
passage into them of important ascending tracts, 
whose constituent fibres arise from the cells 
derived from the alar laminae. 


Fig. 827. — ^Transverse sections 
through the spinal cord at 
different levels. 
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Internai. Structure of the Spinal Cord 

The spinal cord is composed of grey and white 
nervous matter, in both of which there is a sup- 
porting framework of neuroglia. 

The grey matter [substantia grisea] is situated 
centrally and has the form of a fluted column 
which runs through its whole length. On trans- 
verse section of the spinal cord this column is 
seen to consist of right and left symmetrical por- 
tions connected by a transverse commissure of 
grey matter, the whole bearing a resemblance 
to the letter H. The transverse grey commissure 
is traversed by the central canal, which is just 
visible to the naked eye. Each lateral portion is 
shaped like a crescent with its concavity directed 
laterally, and, as seen on transverse section, can 
be divided into anterior and posterior horns* 
according to their relation to the transverse grey 
commissure. , 

The anterior horn is directed forwards and 
somewhat laterally. It is short but broad in pro- 
portion and fails to reach the surface of the spmal 
cord, from which it is separated by the anterior 
white column. The posterior part of the anterior 
horn is termed the base, and the anterior part 
the head, but they are not separated from each 
other by any defibmte constriction. 

The posterior horn is directed backwards and 
somewhat laterally. It is long and slender, and 
reaches almost as far as the posterolateral sulcus, 
from which it is separated by a thin coating of 
white matter, named the ^posterolateral tract. 
It consists of a base, which is continuous with 
the base of the anterior horn, a constricted neck, 
and an oval or fusiform head, the a^ex of which 
is capped by a mass of translucent nervous tissue, 
termed the substantia gelatinosa. This gelatinous 
substance is V-shaped or crescentic in transverse 
section, and contains both neuroglia and nerve- 
cells. 

A pointed projection from the lateral surface of 
the grey matter opposite the transverse commissure 

* It should be observed that the terms ‘ anterior horn,’ 

‘ posterior horn ’ and ‘ lateral horn ’ are used only with 
reference to transverse sections of the spinal cord. When 
the grey matter of the spinal cord as a whole is under 
consideration, the terms ‘anterior grey column,’ ‘posterior 
grey column ’ and ‘ lateral grey column ’ are employed. 
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constitutes tlie lateral Iloiil. It is easily recognisable in transverse sections 
through the thoracic and first lumbar segments of the spinal cord, bujb not 
elsewhere. 

The limits of the grey matter are, as a rule, clearly defined, but in the cervical 
region strands of grey matter extend into the lateral white column, where they 
form a network, termed the formatio reticularis, opposite the base of the post- 
erior horn. Traces of this reticular formation can be seen also in lower segments. 

The quantity of grey matter and the form it presents on transverse section 
vary at different levels. In the thoracic region the grey matter is small in 
amount, not only absolutely but relatively to the surrounding white matter. 
In the cervical and lumbar enlargements, to which the nerves of the limbs are 
attached, it is greatly increased ; so that in the latter, and especially in the 
conus meduUaris, its proportion to the white matter is greater than elsewhere 
(fig. 829). In the cervical region the posterior horn is comparatively narrow, 
while the anterior horn is broad and expanded ; in the thoracic region, the 
anterior and posterior horns are narrow, and the lateral horn is evident ; in 
the lumbar enlargement the anterior and posterior horns are both broad ; 
while in the conus meduUaris the 

grey matter assumes the form of two 5 ^ 0 . 828— A transverse section through the 
oval masses, one in each half of the 
spinal cord, connected together by a 
broad grey commissure. The motor 
nerves to the limbs arise from groups 
of nerve- ceUs which occupy the lateral 
parts of the broad anterior grey col- 
umns in the cervical and lumbar en- 
largements. 

The central canal traverses the 
entire length of the spinal cord. It 
is continued upwards through the 
lower part of the medulla oblongata 
and opens into the fourth ventricle 
of the brain ; below, it reaches for a 
short distance (5-6 cm.) into the filum 
terminale. In the lower part of the 
conus meduUaris it exhibits a fusi- 
form dilatation (the terminal verUricle), Bpendymai cells 

which has a vertical measurement of 
from 8 to 10 mm., is triangular on 
cross section with its base directed forwards, and tends to undergo obUteration 
after the age of forty years. 

In the cervical and thoracic regions the central canal is situated in the 
anterior part of the spinal cord : in the lumbar enlargement it is near the 
middle, and in the* conus meduUai-is it approaches the posterior surface. It is 
fiUed with cerebrospinal fluid, and lined with oUiated, columnar epithelium 
{e^pendyina), which is encircled by a band of gelatinous substance, termed the 
substantia gelatinosa centralis. This gelatinous substance consists mainly of 
neurogUa, but contains a few nerve-ceUs and nerve-fibres ; it is traversed by 
processes from the deep ends of the columnar ceUs which line the central canal 
(fig. 828). 

The grey matter surrounding the canal is named the grey commissure. The 
part in front of the canal is thin, and in contact with the white commissure : it con- 
tains a pair of longitudinal veins, one on each side of the median plane. The part 
behind the canal reaches from the central canal to the posterior median septum ; 
it is thinnest in the thoracic region, and thickest in the conus meduUaris. 

The structure of the grey matter. — The grey matter of the spinal cord 
consists of neuroglia, nerve- ceUs, and nerve-fibres. Throughout the greater 
part of it the nexuroglia is arranged in the form of a sponge-Uke network, but 
around the central canal and on the apices of the posterior horns it is condensed 
to form the gelatinous substance already referred to. The nerve- ceUs are 
multipolar, and vary greatly in size and shape, but they may be classified in 
four main types : ( 1 ) Motor ceUs of large size are found in the anterior grey 
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column throughout the whole length of the spinal cord. Their axons enter the 
anterior nerve-roots of the spinal nerves and are distributed to the voluntary- 

musculature, Before leaving 
Fig. 829. — Transverse sections through the spinal the Spinal COrd they frequently 
cord at different levels, showing the arrangement give off collaterals which re- 
of the principal cell-columns. enter and ramify in the grey 

matter. These large cells are 
derived from the ventral part 
of the basal lamina. (2) Motor 
cells of smaller size are found 
throughout the lateral grey 
column. Their axons join the 
anterior nerve-roots, but they 
are destined for a sympathetic 
ganglion where they are re- 
layed to the visceral muscu- 
lature. (3) Smaller cells, be- 
longing to Golgi’s type I, are 
found throughout the post- 
erior grey column. Their 
axons, on reaching the white 
matter, may ascend to higher 




levels in the spinal cord or 
may reach the brain ; or, they 
may descend to lower seg- 
ments of the spinal cord : or, 
they may divide dichotom- 
ously into ascending and de- 
scending branches. (4) A few 
of the small cells found in 
the posterior grey column and 
the substantia gelatinosa be- 
long to Golgi’s type II. Their 
axons, therefore, do not leave 
the grey matter, and are usu- 



ally short and confined to 
one segment (intrasegmental 
neurones). Most of these 
neurones are confined to one 
side of the spinal cord. Those 
whose axons terminate in the 
grey matter at higher or lower 
levels constitute intersegmental 
neurones, and serve to link up 
the different parts of the spinal 
cord to one another. Some of 
the axons traverse the white 
commissure and terminate in 
the grey matter of the oppo- 
site side. They are termed 
crossed commissural fibres. 

Most of the nerve-cells are 
arranged in longitudinal col- 
umns, and they therefore ap- 
pear as groups on transverse 
section (fig. 829). 

Nerve-cells in the anterior 
grey column. — ^The nerve-cells 


in the anterior grey column 
are arranged in columns of varying length. The longest of them occupies 
the anteromedial portion of the anterior grey column, and constitutes in 
transverse sections the anteromedial group of the anterior hom. It extends 
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from the first cervical to the fourth lumbar segments and reappears again in 
the third and fourth sacral segments, being at its widest in the fourth and fifth 
cervical segments. A second collection of cells, named the posteromedial groups 
is present in the sixth and seventh cervical and absent from the succeeding 
two segments, and thereafter extends from the second thoracic to the first 
lumbar segment, Ijmg immediately posterior to the anteromedial group. There 
is strong presumptive evidence, from the position and extent of these two col- 
umns, for supposing that they innervate the muscles of the trunk, and that the 
enlargement of the anterome^al group in the fourth and fifth cervical segments 
indicates the cells of origin of the phrenic nerve. 

The other cell-groups in the anterior grey column are more localised and 
are found in the upper cervical region, and in the cervical and lumbar enlarge- 
ments. A group of cells is found in the first, second and third cervical segments, 
lying to the lateral side of the anteromedial group and somewhat dorsal to it. 
These cells send their axons through the lateral white column to emerge midway 
between the anterior and posterior nerve-roots, where they constitute the 
spinal root of the accessory nerve. This group of cells probably represents the 
branchial (special visceral) efferent group in the basal lamina (fig. 840). 

Both m the cervical and in the lumbar enlargements the anterior grey 
column widens out in a lateral direction, and contains groups of cells which 
have been classified as anterolateral, posterolateral, post-posterolateral and 
central. The anterolateral group does not extend into the first thoracic or third 
sacral segments, while the post-posterolateral group is only found in the eighth 
cervical, first thoracic and the upper three sacral segments. The central group 
is not present as a separate entity in the cervical enlargement, but it is present 
from the second lumbar down to the upper part of the second sacral segment. 

The functional significance of these cell-groups is diffi cult to determine. 
It is possible that the definition of anterolateral and posterolateral groups may 
be associated with the primitive arrangement of the musculature of the limbs 
into ventral or flexor and dorsal or extensor groups. 

The motor cells in the anterior grey column constitute the last neurone in 
the efferent pathway. Through their numerous dendrites they receive nerve 
impulses from a variety of sources and transmit them to the effectors, which are, 
in this way and at different times, brought under the control of the cerebral 
cortex, the cerebellum, the corpus striatum, the vestibular apparatus, etc. 
But the motor cells of the anterior grey column exercise a special influence of 
their own over the muscular apparatus apart altogether from the stimuh which 
they merely transmit. Destruction of the motor cells, or the division of their 
axons, is followed by the phenomena of muscular degeneration, phenomena 
which do not result from any other lesion or combination of lesions of the nervous ^ 
system. Destruction of the great efferent pathway from the brain will cause 
paralysis and, after a period, atrophy of the muscle fibres, but the muscle retains 
its peculiar structure. This variety of control exerted by the nerve-ceHs of 
the anterior grey column is referred to as idiodynamic control. It must be remem- 
bered, however, that these cells, when cut off from all other sources of stimul- 
ation, are not themselves able to generate impulses which throw the effector 
into a state of contraction. 

For local reflexes the anterior column cells stand in connexion with posterior column 
cells of the same segment, and the constant stream of impulses which they receive from 
this source is responsible for the reflex activity of muscle fibres and for their normal myo- 
tonus. Section of the posterior nerve-roots interrupts the intrasegmental reflex arc and, 
therefore, abolishes both these forms of activity. 

Volitional control is exercised by the cerebrospinal (pyramidal) tract acting through the 
dendrites of the cells m the anterior grey column. But in order that the muscles may 
respond rapidly and effectively to volitional control they must be in a state of ‘ ideal tonus,’ 
and this condition is brought about by the influence of the cerebrospinal tract. Destruction 
of this great motor pathway results, therefore, not only in the paralysis of all volitional 
movement but also in hypertonicity of the affected muscles. This increase in muscle tonus 
is due to the loss of the inhibitory control exercised by the cortex. Spasticity of a paralysed 
limb is characteristic of an upper motor neurone lesion. 

Synergic control is exercised by the cerebellum and is essential for co-ordination of 
different muscles and muscle groups during the performance of volitional movements. 
The efferent pathway from the cerebellum passes to the red nucleus in the mid-brain and 
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then travels by the rubrospinal tract to the cells in the anterior grey column. The inter- 
ruption of this pathway leads to muscular incoordination during the performance of voluntary 
movements, which are then carried out in a jerky and exaggerated manner. 

The corpus striatum may possibly exercise control over automatic associated movements 
(p. 1013) ; its efferent pathway runs through the red nucleus and the rubrospinal tract. In 
some cases of hemiplegia, a patient, paralysed in the upper and lower Umbs of the same side 
so far as volitional control is concerned, may, especially on yawning when waking from 
sleep, stretch both arms above his head. This movement is carried out unconsciously and 
always in association with the limb of the opposite side ; it has been explained as an 
automatic associated movement inaugurated by the corpus striatum. 

The vestibular apparatus controls unconscious equilibratory movements. The efferent 
pathway runs direct from the lateral nucleus of the vestibular nerve to the cells in the 
anterior grey column in the vestibulospinal tract. 

Nerve-cells in the lateral grey column.— The cells in this column constitute 
a single group, named the intcTmediolaterctl group. It extends from the first 

Fig. 830. — scheme showing the mode of distribution of the nerve-cells in the 
grey matter. (Testut.) 



1, 2. Medial and lateral groups of nerve-cells in anterior horn. 3. Xerve-cells in lateral horn 
4, 4. Thoracic nucleus. 5. Groups of nerve-ceUs in substantia gelatinosa. 6. Nerve-cell of 
anterior horn, the axon of which is passing into the posterior nerve-root. 7. Cells of substantia 
gelatinosa centralis. 8. Solitary cell. 9. Cells of Golgi. 10. Cells of origin of the anterior spino- 
cerebellar tract. 11. Anterior root. 12. Posterior root. 13. Spinal ganglion. 

thoracic to the first lumbar segment and reappears again in the second, third 
and fourth sacral segments. In the longer upper part of its extent this cell- 
group is responsible for the surface projection of the lateral grey column, and 
its axons pass out in the anterior nerve-roots, and traverse the white rami 
communicantes to reach the sympathetic gangliated trunk. Finally they are 
distributed to glands and cardiac or unstriped muscle. In the sacral part of 
its extent this cell-group is overshadowed by the large posterolateral group 
and so produces no surface projection. Its axons traverse the anterior nerve- 
roots and anterior primary rami of the corresponding sacral nerves and event- 
ually constitute the " pelvic splanchnic nerves ’ (p. 1138), which represent the 
sacral contribution to the parasympathetic system. 

It should be remembered that this cell-group is a derivative of the dorsal 
part of the basal lamina (fig. 840), and it retains the same relative position 
in the adult. 
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Nerve-cells in tlie posterior grey colxiznn. — 1. The thoracic nucleus (nucleus 
dorsalis) occupies the medial part of the base of the posterior grey column, and 
appears on transverse section as a well-defined oval area (figs. 829, 830). It 
begi^ below at the level of the first or second lumbar nerve, and reaches its 
maximum size opposite the twelfth thoracic nerve. It diminishes in size above 
the level of the ninth thoracic nerve, and ends opposite the last cervical or first 
thoracic nerve. Its cells are of medium size, and oval or pyriform in shape ,* 
most of their axons pass into the peripheral part of the lateral white column 
of the same side, and there ascend, under the name of the posterior spino- 
cerebellar tract ,' a few cross to the opposite side and ascend in the anterior 
spino-cerebellar tract In the upper cervical region, and again in the middle and 
lower sacral regions, the posteromedial part of the base of the posterior grey 
column is occupied by a group of small cells. These two groups are known as 
the cervical and sacral nuclei, but, although they occupy the same relative 
position as the thoracic nucleus, the structure of their cells and the arrangement 
of the NissFs bodies show little in common with it, and apparently no close 
functional relationship exists between them. 

2. Nerve-cells in the substantia gdatinosa , — ^These are arranged in three zones : a 
posterior or marginal, of triangular or fusiform cells ; an intermediate, of small fusiform 
cells ; and an anterior, of star-shaped cells. The axons of these cells pass into the lateral 
and posterior white columns, and there pursue a vertical course. Some of the cells in 
the anterior zone belong to Golgi’s type II, their short axons being confined to the grey 
matter. 

3. Solitary cells of varying form and size are scattered throughout the posterior grey 
column. Some of these are grouped to form an ill-defined posterior basal column, lateral 
to the thoracic nucleus. The axons of the cells of this column pass partly to the posterior 
and lateral white columns of the same side, and partly through the white commissure 
to the lateral white column of the opposite side. Before leaving the grey matter, a 
considerable number run longitudinally for a varying distance in the head of the post- 
erior grey column, forming what is termed the lofigitudinal fasciculus of the posterior 
column. 

A few star-shaped or fusiform nerve-cells of varying size are found in the substantia 
gelatinosa centralis. Their axons pass into the lateral white column of the same, or of the 
opposite, side. 

The nerve-fibres in the grey matter form a dense interlacement among the nerve -cells. 
This interlacement is formed partly of axons which pass from the cells in the grey matter 
to enter the white columns or the anterior nerve-roots ; partly of the axons of Golgi’s cells 
type n, which ramiJfy only in the grey matter ; and partly of collaterals from the nerve- 
fibres in the white columns, which, as already stated, enter the grey matter and ramify 
within it. 


The white matter [substantia alba] of the spinal cord surrounds the grey 
matter, and consists chiefly of meduUated nerve-fibres. The nerve-fibres are 
arranged in three white columns : anterior, lateral, and posterior. The anterior 
white column lies between the anterior median fissure and the most lateral of 
the anterior nerve-roots ; the lateral, between these nerve-roots and the postero- 
lateral sulcus ; and the posterior, between the posterolateral sulcus and the 
posterior median septum (fig, 831). The nerve-fibres vary in thickness ; the 
thinnest are found in the fasciculus gracilis, the posterolateral tract (p. 901), 
and the central part of the lateral white column ; the thickest are situated 
in the anterior white column, and in the peripheral part of the lateral white 
column. Some of the nerve-fibres run more or less transversely, as for example 
those which cross the median plane in the white commissure, but the majority 
pmsue a longitudinal course and are divisible into (1)* those connectmg the 
spinal cord with the brain and conveying impulses to or from the latter, and 
(2) those which are confined to the spinal cord, and link together its diflerent 
segments (i.e. intersegmental or association fibres). 

Nerve-fasciculi or tracts. — ^The longitudinal fibres are grouped into more or 
less definite bundles or tracts. These are not recognisable from one another in 
the natural state, for the individual tracts are not surrounded by special 
sheaths, and their identity has been established by the following methods. 
(1) A. Waller discovered that if a bundle of nerve-fibres is cut, the portions of 
the fibres which are separated from their cells, rapidly degenerate and become 

O.A. 2x 
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atrophied. This is known as Wallerian degeneration,^ Similarly, if a group of 
nerve-cells is destroyed, the fibres arising from them undergo degeneration. 
Thus, if the motor cells of the cerebral cortex are destroyed, or if the fibi^es 
arising from these cells are severed, a descending degeneration from the seat of 
injury takes place in the fibres. In the same manner, if a spinal ganglion is 
destroyed, or the fibres which pass from it into the spinal cord be cut, an 
ascending degeneration occurs in these fibres above the lesion. (2) In the early 
stages of the development of the nervous system, the nerve-fibres are naked 
axis-cylinders ; groups of nerve-fibres acquire their medullary sheaths at 
different periods ; hence the fibres can be grouped according to the dates at 
which they receive these sheaths. The first fibres to acquire medullary sheaths 
are those of the nerve-roots and of the intersegmental tracts, the last, those of 


Fig. 831. — A diagram of the principal tracts of the white matter of the 

spinal cord. 



the cerebrospinal tracts. (3) Golgi’s method of staining nervous tissues allows 
the course and mode of termination of the axis-cylinder processes to be followed. 

Tracts in the anterior white column. — {a) The anterior cerebrospinal tract is 
usually small, but varies in size inversely with the lateral cerebrospinal tract. 
It is present only in the upper part of the spinal cord ; gradually diminishing in 
size as it descends, it ends about the middle of the thoracic region. It consists 
of fibres which arise iffom cells in the motor area of the cerebral hemisphere of 
the same side, and which, as they run downwards in the spinal cord, cross in 
succession through the white commissure to the opposite side, where they end 
by arborising around the motor cells in the anterior grey column. This tract 
is found only in man and in the anthropoid apes, but its precise significance is 
unknown. 

(b) The vestibulospinal tract, which is derived from the large cells of the 
lateral vestibular nucleus (p. 922), descends in the anterior white column ; 

* Somewhat later a change, termed chromatolysis, takes place in the nerve-cells, and 
consists of the breaking down and ultimate disappearance of the Nissl’s bodies. The cell- 
body swells, the nucleus is displaced towards the periphery of the cell, and the part of the 
axon still attached to the altered cell diminishes in size and atrophies. Under favourable 
conditions the cell may resume its normal appearance, and its axon may grow again. 
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its fibres end around the cells in the anterior grey column. This fasciculus is 
uncrossed and brings the anterior column cells under the control of the vestibular 
nuclei of the same side, serving as the efferent path for equilibratory control. 

(c) The antefior spinothalaTYiic traot is described here as one of the ascending 
pathways in the anterior white column, although the evidence in favour of 
its existence as a separate entity is not completely 

convincing. It has been suggested that it constit- fig. 83i>.— a diagram showing 
utes a pathway for the coarser elements of tactile in longitudinal section the 
sensibility, as distinguished from tactile dis- intersegmental neurons of 

crimination (p. 883) ; its fibres are described as spmal coM. The grey 

axising from cells in the posterior grey column of rSpeltively^’tfthr^^y^md 
the opposite side of the spinal cord, ascend in the white matter of the spinal 
posterior white column for two or three segments ^o^d. (Poirier.) 
and then cross in the white commissure to reach 
the anterior white column, in which they ascend 
to the thalamus. 

(d) A small sulcomargiTial tract"^ adjoins the 
anterior median fissure. 

The remaining fibres of the anterior white 
column constitute the anterior intersegmental tract 
(fasciculus proprius anterior). It consists of longi- 
tudinal intersegmental fibres which arise from cells 
in the grey matter, and, after a longer or shorter 
course, re-enter the grey matter. Some of the 
fibres of this tract pass upwards into the medial 
longitudinal bundle (p. 949). 

Tracts in the later^ white column. — 1. Descend- 
ing tracts. 

(a) The lateral cerebrospinal tract (crossed pyra- 
midal tract) extends throughout nearly the whole 
length of the spinal cord : it gradually diminishes 
in size as it descends, and ends about the level of 
the attachment of the third or fourth sacral nerves. 

On transverse section it appears as an oval area 
in front of the posterior horn and medial to 
the posterior spinocerebellar tract ; in the lumbar 
and sacral regions, where the posterior spino- 
cerebellar tract is absent, the lateral cerebrospinal 
tract reaches the surface of the spinal cord. Its 
fibres arise from cells in the motor area of the 
cerebral hemisphere of the opposite side. They 
pass downwards in company with those of the 
anterior cerebrospinal tract, but cross to the 
opposite side in the medulla oblongata and descend 
in the lateral white column of the spinal cord ; 
they end by arborising around the motor cells in the anterior grey column.t 

The anterior and lateral cerebrospinal tracts constitute the motor pathway 
of the spinal cord and have their origins in the motor cells of the cerebral cortex. 
They descend through the internal capsule of the cerebrum, traverse the cerebral 
peduncle and pons, and enter the pyramid of the medulla oblongata. In the 
lower part of the pyramid about two-thirds of them cross the median plane and 
run downwards in the lateral white column as the lateral cerebrospinal tract 
while the remaining fibres do not cross, but are continued into the same side 
of the spinal cord, where they form the anterior cerebrospinal tract. Fibres 

* According to some authorities this tract is formed by the crossed fibres of the 
tectospinal pathway (p. 900). 

t Sir E. Sharpey-Schafer {Proo. Physiological Soc, 1899) says it is probable that the fibres 
of the anterior and lateral cerebrospinal tracts are not directly related with the ceUs of the 
anterior grey column, but terminate by arborising round the cells at the base of the posterior 
grey column, which in turn link them to the motor cells in the anterior column, usually of 
several segments of the spinal cord. In consequence of these interposed neurons the fibres 
of the cerebrospinal tracts correspond, not to individual muscles, but to associated groups 
of muscles. 
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of this tract cross in succession through the white commissure, and thus, 
generally speaking, all the motor fibres from one side of the brain reach the 
opposite side of the spinal cord. The proportion of fibres which cross in the 
medulla oblongata is not a constant one, and thus the anterior and lateral 
cerebrospinal tracts vary inversely in size. Sometimes the former is absent, and 
it is then presumed that complete decussation of the motor fibres has occurred 
in the medulla oblongata. There is experimental and clinical evidence to show 
that the lateral cerebrospinal tract contains a few fibres which are derived from 
the cerebral hemisphere of the same side {uncrossed lateral cerebrospinal fibres), 
{b) The rubrospinal tract is anterior to the lateral cerebrospinal tract, and 
on transverse section appears as a somewhat triangular area. Its fibres descend 
from the mid-brain, where they have their origins in the cells of the red nucleus 
of the tegmentum of the opposite side ; they end by forming synapses with the 
cells in the anterior grey column. Through this tract the cells of the anterior 
grey column are brought under the control of the cerebellum and the corpus 
striatum. The former exercises synergic control, while the latter may possibly 
be associated with the control of automatic associated movements (p. 1013). 

(c) The tectospinal tract is anterior to the' rubrospinal tract; its fibres 
originate in the superior quadrigeminal body of the opposite side,* and end by 
forming synapses with the cells in the anterior grey column. This tract provides 
the efferent pathway for visual reflexes. 

{d) The olivospinal tract arises in the vicinity of the olivary nucleus (inferior 
olivary nucleus) in the meduUa oblongata and is seen only in the cervical region 
of the spinal cord, where it forms a small triangular area at the periphery, 
close to the most lateral of the anterior nerve-roots. Its fibres form synapses with 
the cells in the anterior grey column. The functional significance of this tract is 
unknown, and, m view of the uncertainty which exists with regard to its precise 
origin in the medulla oblongata, it is frequently termed the bulbospinal tract, 

2. Ascending tracts. — {a) The posterior spino-cerebellar tract is a flattened 
band situated at the periphery of the posterior portion of the lateral white 
column ; medially it is in contact with the lateral cerebrospinal tract ; behind, 
with the posterolateral tract. It begins about the level of the second or 
third lumbar nerve, increases in size as it ascends, and finally passes to the 
cerebellum through the inferior cerebellar peduncle. Its fibres are the axons 
.of the cells of the thoracic nucleus of the same side. 

(b) The anterior spino-cerebellar tract, as seen on transverse section, is a 
crescentic, flattened tract which occupies the periphery of the lateral white 
column, in front of the area occupied by the posterior spino-cerebellar tract. 
Its constituent fibres arise in the cells of the thoracic nucleus and of the adjoin- 
ing part of the posterior grey column, both from the same and from the opposite 
half of the spmal cord. The tract commences in the upper lumbar region and 
extends upwards to the upper part of the pons, where it turns downwards and 
backwards in the superior cerebellar peduncle to reach the cerebellum. 

The spino- cerebellar tracts form, in the main, a homolateral connexion be- 
tween the spinal cord and the cerebellum . They convey to the cerebellum impulses 
arising in the locomotor apparatus and essential for the adjustments of muscle 
tonus and for synergic control during the performance of voluntary movements. 

(c) The lateral spinothalamic tract lies medial to the anterior spino-cerebellar 
tract in the lateral white column of the spinal cord (fig. 831). Its constituent 
fibres arise in the head of the posterior grey column of the opposite side (possibly 
in the substantia gelatinosa) and soon cross the median plane in the white 
commissure. The tract ascends through the medulla oblongata, where it comes 
into close relationship with the anterior spinothalamic tract. The two ascend 
together as the spinal lemniscus and reach the ventral portion of the lateral 
nucleus of the thalamus, where they are relayed to the cerebral cortex. 

The lateral spinothalamic tract is an exteroceptive pathway, conveying 
pamful and thermal sensibility, without any discriminative quality so far as 
painful sensibility is concerned. It is believed that this crude form of 
sensibility is carried by the non-myelinated or very finely myelinated fibres in 
the spinal nerves. When they enter the spinal cord they have a tendency to lie 

* According to some authorities this tract arises in the superior quadrigeminal body of 
the same side. See footnote *, p. 899. 
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on the lateral side of the other fibres of the posterior nerve-root, and they con- 
stitute ihe posterolateral tract, the fibres of which soon terminate in the substantia 
gelatinosa or the adjoining head of the posterior grey column. 

Owing to the fact that the fibres which form the lateral spinothalamic 
tract cross at once, decussating with the corresponding fibres of the opposite 
side, lesions affecting the commissural area, such as occur in the disease termed 
S3rringomyelia, will produce a bilateral loss of painful and thermal sensibilities 
for the particular areas involved. 

{d) The spinotectal tract is placed medial to the anterior spinocerebellar 
tract and anterior to the lateral spinothalamic tract. Its constituent fibres 
arise in the posterior grey column of the opposite side and soon cross the median 
plane to reach the lateral white column. They ascend to the mid-brain where 
they terminate in the superior quadrigeminal body (superior colliculus) of the 
tectum. They provide a pathway for spino visual reflexes. In this connexion it 
is to be remembered that the superior quadrigeminal bodies constitute a reflex 
centre on the visual path and are not concerned with the transmission of visual im- 
pulses to the cerebral cortex. Afferent stimuli -passing up the spinotectal tract 
result in movements of the head and eyes towards the source of stimulation. 

(e) The posterolateral tract (fasciculus dorsilateralis) is a smaU strand situated 
at the tip of the posterior grey column, close to the entrance of the posterior 
nerve-roots. It consists of unmyelinated and finely myelinated fibres which do 
not receive their medullary sheaths until near the close of foetal life. It is 
usually regarded as being formed by the lateral group of the fibres of the post- 
erior nerve-roots, which ascend for a short distance in the tract and then enter 
the substantia gelatinosa, where new fibres arise and pass to the lateral spino- 
thalamic tract. There is ground for supposing that the posterolateral tract is 
formed by the fibres which convey crude painful and thermal sensibilities in 
the spinal nerves. 

{f) The lateral intersegmental tract (fasciculus proprius lateralis) constitutes 
the remainder of the lateral white column, and is continuous in front with the 
anterior intersegmental tract. It consists chiefly of intersegmental fibres which 
arise from cells in the grey matter, and, after a longer or shorter course, re-enter 
the grey matter and ramify in it. Most of the fibres of the anterior and lateral 
intersegmental tracts are confined to the same side bjut some cross to the opposite 
side of the spinal cord. Some of the fibres of the lateral intersegmental tract 
are continued upwards into the brain under the name of the medial longitudinal 
bundle. It is believed that this intersegmental pathway may function as an 
alternative route for exteroceptive sensibility. 

Tracts in the posterior white column. — 1. Ascending tracts. 

This white column comprises two large tracts, viz. the fasciculus gracilis and 
the fasciculus cuneatus, which are separated from each other by the postero- 
intermediate septum. 

The fasciculus gracilis commences at the lowest limit of the spinal cord. 
Incoming fibres from the rhedial group of the fibres of the posterior nerve-roots 
on entering at the posterolateral sidcus divide into short descending and long 
ascending branches. The latter run upwards in the posterior funiculus, and 
as the tract ascends it receives accessions from each posterior nerve-root. The 
fibres which enter in the coccygeal and lower sacral regions are thrust medially 
by the fibres which enter at a higher level. The fasciculus gracilis, which 
contains fibres derived from the lower thoracic, lumbar, sacral and coccygeal 
segments, occupies the medial part of the posterior white column in the upper 
part of the spinal cord. The fasciculus cuneatus commences in the mid-thoracic 
region and derives its fibres from the posterior roots of the upper thoracic and 
cervical nerves and, in consequence, is placed on the lateral side of the fasciculus 
gracilis. 

Both fasciculi are heavily myelinated, and the fibres of which they are 
comprised are larger in the fasciculus cuneatus than they are in the fasciculus 
gracilis. They ascend uncrossed to the medulla oblongata and terminate there 
in the nucleus gracilis and cuneatus. Relayed in these nuclei, the majority 
of the fibres sweep ventraUy round the central grey matter (fig. 844), as the 
internal arcuate fibres, and take part in the great sensory decussation. There- 
after, as medial lemnisci, they ascend on each side to the ventral portion of 
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the lateral nucleus of the thalamus and are there relayed to the cortex of the 
post-central gyrus. Through the medium of the external arcuate fibres (pp. 917 
and 919) the remaining fibres of the posterior white column are relayed to the 
cerebellum. 

These two tracts, which occupy nearly the whole of the posterior white 
column, convey all the elements of deep sensibility, with the possible exception 


Fig. 833. — A diagram showing the 
formation of the fasciculus 
gracilis (Poirier). 


Fig. 834. — The descending fibres in 
the posterior white columns, shown 
at different levels. (After Testut.) 



The spinal cord viewed from behind. To the 
left, the fasciculus gracilis is shaded. To the 
right, the drawing shows that the fasciculus 
gracilis is formed by the long ascending fibres 
of the posterior roots and that the sacral nerves 
lie next the median plane, the lumbar to their 
lateral side, and the thoracic still more laterally. 


Semilunar tract 



Doraal peripheral band 




A. In the conus meduUaris. R. In the lumbar 
region, c. In the lower thoracic region. 
B'. In the upper thoracic region. 


of pressure and pressyre pain, and in addition they convey aU the afferent fibres 
which are involved in discriminative sensibility. The higher forms of sensibility, 
which include tactile discrimination and localisation, all pass up to the medulla 
oblongata uncrossed in the posterior white columns, together with the fibres 
which convey sensations of posture and of movements, both active and passive. 
It is mteresting to observe that the exteroceptive pathways of the lateral and 
anterior white columns are phylogeneticaUy much older than the proprioceptive 
and discriminative pathway of the posterior white column. 

2. Descending tracts. — The posterior white column contains some descending 
fibres which occupy different parts at different levels (figs. 831, 834). In the 
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cervical and upper thoracic regions they appear as a comma-shaped fasciculus, 
termed the semilunar tract, in the medial part of the fasciculus cuneatus, the 
blunt end of the fasciculus being directed forwards. In the lower thoracic 
region they form a dorsal ^erijpTieral strand on the posterior surface of the spinal 
cord ; in the lumbar region they are situated by the side of the posterior median 
septum, and appear on section as a semi-oval bundle ; in the conus meduUaris 
they assume the form of a triangular strand in the posteromedial part of the 
fasciculus gracilis. Collectively these three strands constitute the septomarginal 
tract. These descending fibres in the posterior white column are mainly inter- 
segmental in character and derived from cells in the posterior grey column, 
but some are said to consist of the descending branches of the medial divisions, 
of the posterior nerve-roots {vide infra). The semilunar tract was supposed to- 
belong to the second category, but against this view is the fact that it does not 
undergo descending degeneration when the posterior nerve -roots are destroyed. 


Occupying the anterior or 
a small strand of fibres named the 
proprius posterior). It is somewhat 
crescentic on transverse section, and 
is placed between the grey commissure 
and the posterior white column; it 
is best marked in the lumbar region, 
but can be traced into the thoracic 
and cervical regions. Its fibres, which 
are intersegmental, are derived from 
the cells of the posterior grey column ; 
they divide into ascending and de- 
scending branches which re-enter and 
ranufy in the grey matter. 

Roots of the spinal nerves. — ^Each 
spmal nerve has two roots, an anterior 
and a posterior, which are attached to 
the surface of the spmal cord opposite 
the corresponding columns of grey 
matter (fig. 83fi). MeduUation of "Sieir 
fibres precedes meduUation of most 
of the fibres m the spinal cord (p. 
898), and commences about the four- 
teenth week of foetal life. 

The anterior nerve-root consists 
mainly of motor fibres which are the 
axons of the nerve-cells in the anterior 
grey column, but in certain regions it 
contains also the efferent autonomic 


t part of the posterior white column is- 
posterior intersegmental tract (fasciculus. 

Fig. 835. — spinal nerve with its anterior 
and posterior roots. (Testut.) 



1. A portion of the spinal cord viewed from the 
left side. 2. Anterior median fissure. 3. Anterior grey 
column. 4. Posterior grey column. 5. Lateral grey 
column. 6. Pormatio reticularis. 7. Anterior root. 
8. Posterior root, with 8', its ganglion. 9. Spinal nerve ; 
and 9% its posterior primary ramus. 


fibres from the cells in the lateral grey column. A short distance from their 
origins these axons are invested with medullary sheaths, and, passing forwards, 
emerge in two or three irregular rows over an area which measures about 3 mm. 
in width. 


The posterior nerve-root comprises six or eight fasciculi, attached in linear 
series along thg posterolateral sulcus. It consists of afferent fibres which arise 
from the nerve- cells in a spinal ganglion. Each ganglion- ceU gives off a single 
fibre which divides in a T-shaped manner into two processes, medial and lateral. 
The medial processes of the ganglion-ceHs pass into the spinal cord as the posterior 
roots of the spinal nerves, while the lateral are directed towards the periphery. 

As the posterior nerve-root enters the spinal cord its fibres tend to form 
medial and lateral bundles, which, however, are not sharply demarcated from 
each other. The medial strand passes directly into the posterior white column ; 
it consists of coarse fibres, which acquire their medullary sheaths between the 
fifth and the seventh month of intra-uterine life ; the lateral strand is mainly 
composed of fine fibres, many of which are non-medullated ; they enter the 
posterolateral tract (p. 901). 

After entering the spinal cord, all the fibres of the posterior nerve-roots 
divide into ascending and descending branches, and these in their turn give 
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•off collaterals which enter the grey matter. The descending branches are short, 
^and soon enter the grey matter. The ascending branches are grouped into 
long, short and intermediate fibres ; the long fibres ascend in the fasciculus 
ouneatus and fasciculus gracilis as far as the medulla oblongata, where they 
end by arborising around the cells of the cuneate and gracile nuclei ; the short 
fibres run upwards for a distance of only 5 or 6 mm., and enter the grey matter ; 
while the intermediate fibres, after a somewhat longer course, have a similar 
destination. AU fibres entering the grey matter end by arborising aroimd its 
nerve-cells ; in the thoracic region those of intermediate length are especially 
associated with the cells of the thoracic nucleus. The collaterals which spring 
from the ascending and descending branches of the fibres of the posterior nerve- 
roots end by arborising around the cells in the posterior grey column ; in 
the thoracic region many of these collaterals arborise around the cells of the 
thoracic nucleus and the cells of the lateral grey column. 


THE PARTS OP THE BRAIN DERIVED PROM THE 
HIND-BRAIN OR RHOMBENCEPHALON 

In the development of the spinal cord the reduction of the lumen of the 
neural tube into a central canal is a striking feature, and is brought about in 
part by the fusion of the opposed surfaces of the alar laminae (p. 891). A similar 
process occurs in the hind-brain in its most caudal part only. Over the greater 
part of its extent the contained lumen becomes enormously widened, and the 
narrow roof-plate is expanded in a corresponding manner. The large cavity 
so formed constitutes the fourth ventricle of the brain. 

The caudal portion of the hind-brain becomes the medulla oblongata, while 
its cephalic portion forms both the pons and the cerebellum. These three 
structures in the adult occupy the posterior cranial fossa. Below, the medulla 
oblongata passes through the foramen magnum to become continuous with the 
spinal cord. Above, the pons is continuous with the mid-brain, which connects 
it, indirectly, to the cerebrum (fig. 821). The cerebellum hes behind the pons 
and the medulla oblongata, and it is separated from the occipital lobes of the 
brain above by a fold of dura mater, named the tentorium cerebeUi (p. 1024). 
It is connected to the brain stem by three pairs of peduncles, termed respectively 
the inferior, middle and superior cerebellar peduncles. The inferior cerebellar 
peduncles (restiform bodies) connect the cerebellum to the posterolateral aspects 
of the medulla oblongata : the middle cerebellar peduncles (brachia pontis) 
connect it to the corresponding aspects of the pons : the superior cerebellar 
peduncles (brachia conjunctiva) connect it to the corresponding aspects of the 
mid-brain. 

When the medulla oblongata and the pons, on the one hand, are compared 
with the spinal cord on the other, it is found that, although they have many 
features in common, the medulla oblongata and the pons possess many features 
which are not found in the spinal cord. The enlargement of this part of the 
brain, therefore, does not indicate an enlargement of the constituent structures 
of the spinal cord but is to be attributed to the presence of. new elements in 
addition to those which are present in the spinal cord. 

The spinal cord shows obvious signs of its segmental origin. The metameric 
arrangement of its nerve-roots and the structure of its grey matter is sufficient * 
evidence, even although the individual segments are not demarcated on its 
surface at any stage of its development. The structure of the medulla oblongata 
and of the pons shows signs of an original metamerism, but this has been 
profoundly altered by the superposition of a branchiomeric arrangement. 

Reference to fig. 210 will show that during the fifth week of development 
the hind-brain lies in immediate relationship with the dorsal wall of the pharynx 
and the dorsal extremities of the branchial or visceral arches, and it is not 
surprising to find that it is from this region of the brain that the arches derive 
their nerve supply. In this way a branchiomeric arrangement of its constituents 
is strongly impressed on the medulla oblongata. It must be remembered that 
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the branchial apparatus in fishes constitutes the respiratory system. Oxygen- 
bearing water is taken into the mouth and expelled through the gill clefts, and 
as it fiows over the pharyngeal aspects of the branchial arches, it oxygenates 
the blood which is circulating through them and relieyes it of its carbon dioxide. 
This respiratory function naturally comes under the control of the hind-brain 
at this stage, and, at a later period in evolution, when the marine habitat was 
exchanged for a terrestrial one and the branchial apparatus was replaced 
by the pulmonary apparatus, the control of the new respiratory system re- 
mained vested in the same part of the brain. The proximity of the heart to 
the respiratory apparatus is essential, for the circulatory and respiratory 
systems must work harmoniously together. On this account the heart and the 
circulatory system are brought under the control and regulation of the hmd- 
bram, which constitutes the controlling centre for the vital activities of the body. 

The transition ftom a water to an air-breathing apparatus set free the 
branchial arches and their corresponding clefts and pouches, which were 
subsequently not allowed to atrophy and disappear in their entirety, but were 
adapted for new uses. The organs of the lateral line serve to convey to the 
fish vibrations arising in its vicinity, but these organs were not weU a’dapted 
to the reception of waves in an air medium. At the headward end of the 
lateral line, the semicircular canals, the utricle and the saccule had developed 
to provide the receiving apparatus to enable the animal to maintain its equi- 
librium, and a further elaboration of this apparatus provided, in the cochlea, 
the mechanism for the perception of sound waves. New elements were there- 
fore added to the hind-brain in connexion with this new acquisition. 

The evolution of the limbs and the increased possibilities of movement 
which they conferred led to further changes in the structme of the hind-brain. 
The movements of the fish, though very generalised, are relatively simple, and 
their co-ordination does not call for any elaborate mechanism. Increased 
possibility of movement requfred increased powers of co-ordination in order that 
the animal might derive the maximum benefit. This demand was met by the 
growth and elaboration of the vestibular nuclei and the cerebellum, an organ 
which, as we have already seen, is responsible for synergic control. 

To sum up, the hmd-brain owes its importance to (1) its control over the 
heart and the respiratory apparatus ; (2) its control over the alimentary tract 
and its derivatives ; (3) its association with the modifications of the lateral 
line and branchial apparatus, which led to the acquisition, first, of the sense of 
hearmg and, subsequently, of the power of phonation, and (4) its synergic 
control over the musculature of the body. 

The Medulla Oblongata 

The medulla oblongata extends from the lower margin of the pons to a 
transverse plane passing above the first pair of cervical nerves ; this plane 
corresponds with the upper border of the atlas behind, and the middle of the 
odontoid process of the axis in front ; at this level the medulla oblongata is 
continuous with the spinal cord. The anterior surface of the medulla oblongata 
is separated from the basilar part of the occipital bone and the upper part of 
the odontoid process by the membranes of the brain, and the occipito-axial 
ligaments. Posteriorly it is received into the fossa between the hemispheres of 
the cerebellum, and the upper portion of this surface forms the lower part of 
the floor of the fourth ventricle. The vertebral arteries pass upwards and for- 
wards in relation to its lateral surfaces ; they then curve forwards to its anterior 
surface and unite at the lower border of the pons to form the basilar artery. 

The medulla oblongata is somewhat piriform in shape (fig. 836), its broad 
extremity being directed upwards towards the pons, while its narrow lower end 
is continuous with the spinal cord. It measures about 3 cm. longitudinally, 
2 cm. transversely at its widest part, and 1*25 cm. anteroposteriorly. The 
central canal of the spinal cord is prolonged into its lower half, and then opens 
into the cavity of the fourth ventricle ; the medulla oblongata may therefore 
be divided into a lower part containing the central canal, and an upper part 
corresponding with the lower portion of the fourth ventricle. Its anterior and 
posterior surfaces are marked by median fissures. 

G.A. 2 F 2 
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The anterior fissure contains a short fold of pia mater, and extends 

along the entire length of the medulla oblongata ; below, it^ is continuous 
with the anterior median fissure of the spinal cord ; above, it ends at the 
lower border of the pons in a small triangular expansion termed the foramen 
ccBCum. Its lower part is interrupted by bundles of fibres which cross obliquely 
from one side to the other, and constitute the decussation of the pyramids. Some 
fibres, termed the exterfial arcuate fibres, emerge from the fissure above this 
decussation and curve laterally over the surface of the medulla oblongata. 


Pig. 836. — The medulla oblongata, pons and mid-brain. Viewed from below. 
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The wall of the lateral recess of the fourth ventricle is shown in blue, and the choroid plexus 
which protrudes through the foramen of the lateral recess into the suharachnoid space is coloured 
crimson. 

Note that the lateral recess covers the medial part of the flocculus and is itself partially 
obscured by the glossopharyngeal nerve. 


The posterior median fissure is a narrow groove which exists only in the 
closed part of the medulla oblongata ; it is continuous below with the posterior 
median sulcus of the spinal cord, but becomes rapidly shallower fi:om below 
upwards, and ends about the middle of the medulla oblongata, where the 
central canal expands into the cavity of the fourth ventricle. 

The two fissures divide the lower part of the medulla oblongata into lateral 
halves which, on surface view, appear to be continuous with the halves of the 
spinal cord. In the upper part the halves are separated by the anterior median 
fissure, and by a median raphe which extends from the bottom of the fissure 
to the median sulcus pf the floor of the fourth ventricle. Further, certain 
of the cranial nerves pass through the substance of the medulla oblongata, and 
are attached to its surface in series with the roots of the spinal nerves ; thus, 
the fibres of the hypoglossal nerve correspond in position- with the anterior 
roots of the spinal nerves, and emerge in linear series from a furrow termed the 
'anterolateral sulcus. Similarly, the accessory, vagus, and glossopharyngeal 
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nerves are in line with the posterior roots of the spinal nerves (p. 1079), and 
are attached to the bottom of a sulcus named the posterolateral sulcus. Ad- 
vantage is taken of this arrangement to subdivide each half of the meduUa 
oblongata into anterior, middle and posterior regions. Although these three 
regions appear to be directly continuous with the correspondiag white columns 
of the spinal cord, they do not contain precisely the same nerve-fibres, since 
some of the fasciculi of the spinal cord end in the medulla oblongata, while 
others alter their course in passing through it. 

The anterior region of the med^a oblongata (fig. 836) is named the pyramid, 
and lies between the anterior median fissure and the anterolateral sulcus. 


Fig. 837. — A. scheme showing the decussation of the p37rami(is. 



Its upper end is slightly constricted and between it and the pons the fibres of 
the abducent nerve emerge ; below, it tapers into the anterior white column 
of the spinal cord, with which it appears to be directly continuous. 

The two pyramids contain the motor fibres which pass JBcom the brain to 
the spinal cord. When traced downwards, two-thirds or more of these fibres 
leave the pyramids in successive bundles, and decussate in the anterior median 
fissure, forming what is termed the decussation of the pyramids. Having crossed 
the median plane, they pass down in the posterior part of the lateral white column 
of the spinal cord as the lateral cerebrospinal tract. The remaining fibres — 
i.e. those in the lateral part of the pyramid — do not cross the median plane, but 
descend as the anterior cerebrospinal tra'ct (fig. 837) into the anterior white 
column of the same side of the spinal cord. 

The lateral region of the medulla oblongata (fig. 838) is limited in front by 
the anterolateral sulcus and the roots of the hypoglossal nerve, and behind 
by the posterolateral sulcus and the roots of the accessory, vagus, and glosso- 
pharyngeal nerves. Its upper part consists of a prominent oval mass which is 
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named the olive, while its lower part is of the same width as the lateral column 
of the spinal cord, and appears on the surface to be a direct continuation of it. 
As a matter of fact, only a portion of the lateral column of the spinal cord 
is continued upwards into this region, for the lateral cerebrospinal tract is 
derived from the pyramid of the opposite side, and most of the fibres of the 
posterior spinocerebellar tract leave it to enter the inferior cerebellar peduncle 
in the posterior region. The lateral intersegmental tract and the anterior 
spinoce^bellar tract are continued upwards into the lateral region of the med- 
ulla oblongata. Most of these fibres dip beneath the olive and disappear from 
the surface ; but a small strand remains superficial, and ascends between the 
olive and the posterolateral sulcus. 


Fig. 838. The hind-brain and the mid-brain. Posterolateral aspect. 
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The olive is a smooth, oval elevation, which is caused by an underlying 
nucleus of grey matter named the olivary nucleus (p. 914). It is situated lateral 
to the pyramid, from which it is separated by the anterolateral sulcus and the 
fibres of the hypoglossal nerve. Behind, it is separated from the posterolateral 
sulcus by the small superficial strand of the anterior spinocerebellar tract 
already referred to. It is about 1 -25 cm. long, and dorsilateral to its upper end 
there is a slight depression at the lower border of the pons to which the roots 
of the facial nerve are attached. The external arcuate fibres emerge from the 
anterior median fissure, and wind backwards across the pyramid and the olive 
and enter the inferior cerebellar peduncle. 

The posterior region of the medulla oblongata (fig. 839) lies behind the 
posterolateral sulcus and the roots of the accessory, vagus and glossopharyngeal 
nerves, and, like the lateral region, is divisible into a lower and an upper 
portion. 

The lower part is limited behind by the posterior median fissure, and consists 
of the fasciculus gracilis and the fasciculus cuneatus of the spinal cord. The 
fasciculus gracilis is placed along the side of the posterior median fissure, and 
is separated from the fasciculus cuneatus by a faint longitudinal groove and a 
septum. These two fasciculi are at first vertical ; but at the lower part of 
the fourth ventricle they diverge from the median plane, and each presents an 
elongated swelling. The swelling on the fasciculus gracilis is named the gracile 
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tubercle^ and is produced by the upper end of a subjacent nucleus of grey matter 
termed the nucleus gracilis ; that on the fasciculus cuneatus is termed the 
cuneate tubercle, and is caused similarly by a grey nucleus named the nucleus 
cuneatus. The fibres of these two fasciculi end by arborising around the cells 
in their respective nuclei. A third elevation may be present in the lower part 
of the posterior region of the medulla oblongata. It lies between the fasciculus 
cuneatus and the roots of the accessory nerve, and is narrow below but wider 
above. It is produced by a nucleus which is continuous below with the sub- 
stantia gelatinosa, and in which the fibres of the spinal tract of the trigeminal 


Fig. 839.— The upper part of the spinal cord and the hind- and mid-brains. 
Exposed from behind. 
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nerve end ; these fibres separate the nucleus from the surface of the medulla 
oblongata. The obex and the tcenice of the fourth ventricle are described on p. 939. 

The u^'per part of the posterior region of the medulla oblongata is occupied 
by the inferior cerebellar peduncle, a thick rope-like strand situated between the 
lower part of the fourth ventricle and the roots of the glossopharyngeal and 
vagus nerves. The two inferior cerebellar peduncles leave the dorsilateral 
aspect of the medulla oblongata and pass to the cerebellum. As they ascend, 
they diverge from each other, and assist in forming the lower parts of the 
lateral boundaries of the fourth ventricle ; higher up, they are dkected back- 
wards, each passing to the corresponding cerebellar hemisphere. Near their 
entrance into the cerebellum they are crossed by several strands of fibres 
which run to the median sulcus of the floor, or anterior wall, of the fourth 
ventricle and are named the auditory striae (striae medullares). The inferior 
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cerebellar peduncle is not, although, it appears to be, the upward continuation 
of the fasciculus gracilis and fasciculus cuneatus, since the fibres of these 
fasciculi end in the nucleus gracilis and nucleus cuneatus ; its constitution is 
described on p. 919. 

The stages in the development of the hind-brain have been described in 
detail in a preceding section (p. Ill), but certain points in the process require 
special emphasis m order that the internal structure of the medulla oblongata 
and the pons may be appreciated adequately. 

Attention has been drawn to the expansion of the roof-plate which accom- 
panies the formation of the pontine fiexure, and to the consequent alteration 
in the position of the alar and basal laminae (fig. 840). In their subsequent 
growth these laminae do not form contmuous columns of grey matter throughout 
the hind-braio, as they do in the spinal cord. Instead they become broken 
up into nuclear masses of varying size and extent, and many of them migrate 


Fig. 840. — Diagram of a transverse section through the developing hind-brain 
to show the relative positions of the nuclei of the different varieties of nerve 
components. 
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from the areas in which they first appear. The somatic efferent column is 
represented by the nucleus of the hypoglossal nerve in the medulla oblongata 
and by the nupleus of the abducent nerve in the pons ; but these two nuclei 
are separated from each other by an interval in which the column is un- 
represented. The branchial (special visceral) efferent column, which is found 
only in the upper segments of the spinal cord, is represented by the nucleus 
ambitus m the medulla oblongata and by the motor nuclei of the facial and 
the trigeminal nerves in the pons. The nucleus ambiguus gives origin to those 
fibres of the glossopharyngeal and vagus nerves which are distributed to 
striped muscle, and to some of the fibres of the accessory nerve. These nerves 
are intimately associated with, the visceral arches. The mandibular division 
of the trigeminal supplies the first, the facial the second, the glossopharyngeal 
the third and the vagus and accessory the remaining arches. The splanchnic 
efferent column is represented by the dorsal nucleus of the vagus in the medulla 
oblongata and by the superior and inferior salivary nuclei. 

In the same way, the derivatives of the alar laminae constitute a number of 
separated masses of grey matter. The general visceral afferent colunan is 
represented by a portion of the dorsal nucleus of the vagus ; the general somatic 
afferent column by the nuclei of termination of the trigeminal nerve ; the 
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special visceral afferent column by the nucleus of the tractus solitarius, which 
receives gustatory fibres from the facial the glossopharyngeal and the vagus 
nerves ; and the special somatic afferent column by the nuclei of the cochlear 
divisions of the auditory nerve (fig. 840). As already described (p. 901), the 
proprioceptive fibres ascend uncrossed, and without beiug relayed, through the 
spinal cord. There are, however, in the medulla oblongata and the pons, 
nuclei which are concerned with this variety of sensibility. The nuclei of 
termination of the vestibular division of the auditory nerve, the olivary nuclei, 
and many other smaller nuclei represent this column. 

Owing to the growth of the cerebrum, which sends down large fibre tracts 
through the hind-brain, and the growth of the spinal cord, which sends similar 
fibre tracts upwards to the cerebrum, the relative positions of the various 
constituents of these columns may undergo considerable alteration. In 
addition, it has been clearly demonstrated that during the course of develop- 
ment, nerve- cells or groups of nerve-cells are capable of active migration. 
Ariens Kappers has pointed out that a nerve-cell tends to remain as near as 
possible to its source of stimulation, and that when, owing to the development 


Fig. 841. — section through the medulla 
oblongata below the level of the decuss- 
ation of the pjTxamids. Schematic. 
(Testut.) 



1. Anterior median fissure. 2. Posterior median 
sulcus. 3. Anterior horn (in red), with 3', anterior 
root. 4. Posterior horn (in blue), with 4', 
posterior root. 5. Lateral cerebrospinal tract. 
6. Posterior white column. The arrow, a a\ indicates 
the course of the decussation of the pyramids ; the 
arrow, b 6', that of the sensory decussation. 


Fig. 842. — section through the medulla 
oblongata at the level of the decussation 
of the pyramids. Schematic. (Testut.) 



1. Anterior median fissure. 2. Posterior median 
sulcus. 3. Motor roots. 4* Sensory roots. 5. Base 
of the anterior horn, from which the head (5') has 
been detached by the lateral cerebrospinal tract. 
6. Decussation of the pyramids. 7. Posterior horn 
(in blue). 8. Nucleus gracilis. 


of neighbouring structures, the danger of separation arises, it will bodily 
migrate in the direction from which its stimuli come. The nature of the attrac- 
tion exerted by the source of stimulation is unknown, and Kappers has given 
the phenomenon the name of Neurobiotaxis. Cells can migrate in this way 
only by a lengthening of their axons, which therefore map out the route taken 
by the ceU or group of cells in its transit. The curious course of the fibres 
arising from the facial nucleus and the nucleus ambiguus illustrate this point 
clearly (p. 924), 

The internal structure of the medulla oblongata, — (1) A transverse section 
through the lower ‘part of the medulla oblongata shows many of the appearances 
of a transverse section through the upper end of the spinal cord. The posterior, 
lateral and anterior white columns can be identified easily, and they contain 
the same nerve tracts. The grey matter shows two very striking alterations. 
The anterior horn is separated from the grey matter surrounding the 
central canal by the pyramidal fibres, which are coursing backwards and laterally 
to reach the lateral white column. In the upper part of the medulla oblongata 
the pyramidal fibres occupy its ventrimedial portion, but in the lower part the 
majority of them run backwards and laterally, crossing the median plane and 
decussating in front of the central grey matter. The decussation of the great 
motor tracts [decussation of the pyramid^ constitutes the most striking feature 
in sections of the medulla oblongata at this level. The actual proportion of 
the fibres which take part is subject to variation, but, as a rule, 75 per cent. 



912 


NEUROLOGY 


of them do so and continue down the spinal cord in the lateral white column 
as the lateral, or crossed, cerebrospinal (pyramidal) tract. The remaining 
fibres retain their ventrimedial position and descend in the anterior white 
column of the spinal cord as the anterior, or direct, cerebrospinal tract. As a 
result of this decussation the anterior intersegmental tract of the spinal cord 
is thrust backwards towards the central grey matter, which also takes up a more 
dorsal position so that the central canal inclines backwards as it ascends. The 
continuity between the anterior grey column and the central grey matter, main- 
tained throughout the whole length of the spinal cord, is severed. At higher 
levels the detached anterior column rapidly ^minishes in size and merges into 
the grey matter of the formatio reticularis (p. 914), but at this level it contains 
the upper end of the nucleus which gives origin to the spinal part of the access- 
ory nerve. 

The outline of the posterior horn of the grey matter can stiU be made out, 

but it, too, has undergone some modi- 
fication. A narrow, strip-like portion of 
grey matter appears in the heart of the 
fasciculus gracifis, continuous ventrally 
with the base of the posterior hom. 
This constitutes the lower end of the 
nucleus gracilis, which extends upwards 
as far as the lower limit of the fourth 
ventricle and forms an elevation on the 
posterior surface of the medulla oblon- 
gata already described as the gracile 
tubercle on p. 908. A second projection 
from the base of the posterior horn in- 
vades the ventral part of the fasciculus 
cuneatus, and constitutes the nucleus 
cuneatus. 

The substantia gelatinosa is a promi- 
nent feature, capping the apex of the 
posterior horn of the grey matter. In 
this situation it constitutes the nucleus 
of the spinal tract of the trigeminal nerve^ 
and the fibres of the tract itself are 
ioterposed between the nucleus and the 
surface of the medulla oblongata. It 
will be considered in detail in a subse- 
quent section (p. 924). 

(2) A transverse section made through 
the upper part of, or just above, the 
decussation of the pyramids shows an 
accentuation of the differences already noted and the appearance of certain 
new elements. 

The nucleus gracilis has increased in breadth and the fibres of its correspond- 
ing fasciculus are grouped together on its dorsal, medial and lateral surfaces ; 
and the nucleus cuneatus has undergone a similar change. Both still retain 
their continuity with the central grey matter. The fibres of the fasciculus 
gracilis and cuneatus have ascended imcrossed through the spinal cord, and 
they terminate in their respective nuclei at different levels by arborising with 
the dendrites of their contained nerve- cells. New fibres arise in the nuclei 
and constitute the second neurone on the pathway of discriminative and pro- 
prioceptive sensibilities. These internal arcuate fibres emerge from the ventral 
aspects of the nuclei and, curving forwards and laterally at first round the ^ 
central grey matter, they bend medially to reach the median plane, where they 
decussate with the corresponding fibres of the opposite side (fig. 844). There- 
after, they turn upwards and ascend close to the median raphe, constituting 
the medial lemniscus. This great sensory decussation occurs in the area dorsal 
to the pyramids and in front of the central grey matter, which is in this way 
thrust still further backwards towards the dorsal surface of the medulla 
oblongata. As the internal arcuate fibres sweep forwards they interrupt the 


Fig. 843. — scheme showing the connexions 
of the fasciculus gracilis and the fasciculus 
cuneatus. 
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grey matter whicli cormeets tlie substantia gelatinosa with the central grey 
matter. 

In addition, the nucleus gracilis and the nucleus cuneatus give origin to the 
anterior bxA posterior external arcuate fibres (pp. 917 and 919). 

The nucleus of the spinal tract of the trigeminal nerve is now severed from 
the central grey matter by the internal arcuate fibres, and it is separated from 
the lateral surface of the medulla oblongata only by the fibres whose terminal 
nucleus it constitutes. 

Two additional collections of grey matter are found at this level. One 
lies dorsal to the lateral part of the pyramid, while the other is placed to its 
medial side and not far from the median plane. These are portions of the 
medial accessory olivary nucleus and will be considered together with the olivary 
nucleus. 


Fig. 844. — A transverse section through the sensory decussation. 
(Senoidiagrammatic. After Villiger.) 

Medial longitudinal bundle 



The central grey matter, now occupying a position near the dorsal surface 
of the medulla oblongata, contains three important nuclei, A prominent 
group of large motor nerve- cells is situated ventrimediaDy, in the position of 
the somatic efferent column. This is the nucleus of the hypoglossal nerve. It 
extends upwards into the open part of the medulla oblongata where it lies under 
the medial part of the trigonum hypoglossi in the floor of the fourth ventricle, 
Dorsilateral to the hypoglossal nucleus, in the position of the splanchnic efferent 
column, there is a second group of cells, which constitutes the dorsal nucleus 
of the vagus. It contains cells of two different types. The larger cells give 
rise to the fine fibres which innervate unstriped muscle, while the smaller 
spindle-shaped cells probably represent the splanchnic afferent column (fig. 840). 
The dorsal nucleus of the vagus, at a higher level, lies to the lateral side of the 
hypoglossal nucleus in the floor of the fourth ventricle and corresponds in 
position to the trigonum vagi. 

A third group of cells lies dorsflateral to the dorsal nucleus of the vagus, at 
this level. It is the nucleus of the tractus solitarius, and it is intimately related to 
a group of descending fibres which constitute the tractus solitarius itself. As 



NEUROLOGY 


914 

the nucleus is traced upwards it comes to lie a little more deeply in the substance 
of the medulla oblongata, on the ventrilateral aspect of the dorsal nucleus, 
with which it is practically coextensive. The tractus soHtarius contains afferent 
fibres from the facial, glossopharyngeal and vagus nerves, which enter the 
nucleus in that order from above downwards, conveying to it gustatory sensi- 
bility from the mucous membrane of the tongue. 

In addition, numerous scattered islets of grey matter are found in the 
centre of the ventrilateral portion of the medulla oblongata. They occupy 
an area which is fireely intersected by nerve fibres running in all directions and 
which is therefore termed the formatio reticularis. 

The white matter has undergone an important rearrangement. The 
'pyramidal tracts constitute two large bundles placed on the ventral part of the 
section, one on each side of the anterior median fissure. DorsaUy they are 
related to the accessory ohvary nuclei and the sensory decussation. 

The fibres of the medial lemniscus^ after emerging from the sensory decuss- 
ation, turn upwards abruptly and form a flattened tract, closely applied to the 
median raphe. In this position they ascend to the pons, increasing in bulk as 
additional fibres join them from the upper levels of the decussation. Ventrally 
they are related to the medial part of the pyramidal tract, and dorsally they are 
separated from the nucleus of the hypoglossal nerve by the medial longitudiual 
bundle and the tectospinal tract. On its lateral side hes the grey matter of the 
formatio reticularis intersected by the internal arcuate fibres. In the upper 
part of the meduUa oblongata and as it enters the pons the tract undergoes an 
alteration in position and it comes to lie in a coronal plane in the ventral part 
of the tegmental region (fig. 850). In the mid-brain it occupies a similar 
position, dorsal to the substantia nigra, but it gradually inclines laterally. In 
this situation some of its fibres terminate in the substantia nigra and others in 
the superior quadrigeminal bodies. The majority of the fibres ascend on the 
lateral aspect of the red nucleus and enter the ventrilateral surface of the thal- 
amus, where the fibres of the second neurone in the pathway of discriminative 
and proprioceptive sensibilities terminate by arborising roxmd the dendrites 
of the cells of the ventral portion of the lateral thalamic nucleus. There the 
fibres of the third neurone begin, and they pass upwards to the cortex of the 
postcentral gyrus. 

The medial longitudinal bundle forms a small compact tract of nerve-fibres, 
situated close to the median plane and ventral to the hypoglossal nucleus. 
Below, it is continuous with the anterior intersegmental tract of the spmal 
cord, but it has been thrust dorsally by the pyramidal and the sensory decuss- 
ations. It is continued upwards through the pons and the mid-brain in the 
same position relative to the central grey matter and the median plane, and 
therefore comes into intimate relationship throughout its course with the 
somatic efferent column of the grey matter. The constituent fibres of the tract 
run relatively short courses within it, for they are derived from a variety of 
sources, which are detailed on p. 949. The tract affords a pathway for com- 
munications passing between the nuclei of the cranial nerves. 

The spinocerebellar, spinothalamicjspinotectal, olivospinal, vestibulospinal and 
rubrospinal tracts are all found in the anterolateral area, limited dorsally by the 
nucleus of the spinal tract of the trigeminal nerve and ventrally by the pyramid. 

(3) A transverse section through the medulla oblongata made on a level with 
the inferior limit of the fourth ventricle, shows the appearance of a number of 
new elements, together with most of those already described at a lower level. 

The grey matter shows a distinct increase in amount owing to the presence 
of the large olivary nucleus, the nucleus arcuatus and nuclei associated with 
the glossopharyngeal, vagus and accessory nerves. 

The olivary nucleus (inferior olivary nucleus) is a large hoUow mass of grey 
matter, with irregularly crenated walls and a longitudinal hiliim, which is 
situated on its medial side. Situated dorsal to the pyramid, the nucleus 
underlies the surface elevation of the olive and extends upwards almost to 
the pons. Derived from the rhombic Up of the alar lamina (p. 112), its cells 
migrate ventrally and medially into the basal lamina. The site of origin of its 
cells indicates a probable connexion with the vestibular apparatus and the 
cerebellum, and that such a connexion does exist is demonstrated by the large 
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number of fibres which arise from the small cells of the nucleus and constitute 
the olivocBTcbcllchT tTcict. These fibres emerge from the hilum or through its 
medial wall, and run medially, intersecting the fibres of the medial lemniscus. 
They cross the median plane, and, sweeping dorsally, traverse the olivary 
nucleus of the opposite side, intersect the spinothalamic and rubropsinal tracts 
and nucleus of the spinal tract of the trigeminal nerve and enter the inferior 
cerebellar peduncle by which they are conveyed to the cerebellum. Despite 
the size of the nucleus and the 

ease with which its cerebellar Fig. 845. — ^Tiie nuclei of the cranial nerves schemati- 
connexions can be demon- pally represented. Dorsal aspect. Motor nuclei 
strated, it has hitherto been in sensory in 6Jwe. (The olfactory and optic 
found impossible to determine ® 

with certainty the afferent 
paths which lead to it. Several 
such pathways have, however, 
been described by Helweg, 

Elechsig, Bechterew and others. 

It appears probable that fibres 
reach the nucleus from the 
spinal cord, but whether they 
ascend in a separate spino- 
olivary tract or whether they 
are derived from the medial 
lemniscus and spinothalamic 
tracts, as Ramon y Cajal has 
suggested, is not clear. A 
group of fibres can be traced 
downwards through the mid- 
brain and pons, many of which 
are believed to end in the 
lateral aspect of the olivary 
nucleus, but, although they 
have been termed the thal- 
amo-oKvary fasciculus, their 
source of origin has not been 
demonstrated satisfactorily ; 
some authorities ascribe them 
to the red nucleus and the 
globus paUidus of the lentiform 
nucleus. This bundle of fibres 
is sometimes described as the 
central tegmental fasciculus* 
and many of its constituents 
are continued downwards into 
the anterior intersegmental 
tract of the spinal cord. 

On account of its intimate 
and free communication with 
the cerebellum it is clear that 
the olivary nucleus plays some 

intermediate part in muscular co-ordination. Tihiey suggests, on clinical 
grounds, that it is associated with the co-.ordinative control of head and eye 
movements. 

The medial accessory olivary nucleus is a curved la min a, of grey matter 
which is found at this level. The concavity of the curve is directed laterally 
and the nucleus is interposed between the medial lemniscus and the pyramid, 
on the one hand, and the medial and ventral aspects of the olivary nucleus 
on the other. 

The dorsal accessory olivary nucleus is a second lamina of grey matter, placed 
dorsal to the medial part of the olivary nucleus. 

* For a detailed account, see Modem ProibUms in Neurology, by S. A. K. Wilson. 
Wood & Co.. New York, 1929. 



Nucleus ambiguus^ 
(IX and X) 


, Nucleus of 
solitary tract 
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Both the olivary and the accessory nuclei are intimately associated with 
the cerebellum. Phylogenetically, the accessory nuclei are older than the 
olivary nucleus, and they send their fibres to the palaeocerebellum (p. 928). 
The olivary nucleus is a later acquisition and, in the course of evolution, 
it has enlarged in a tailward direction. The destination of its fibres in 
the human brain is in harmony with its phylogenetic history, for those which 
arise from its upper end and the lips of the upper part of the hilum pass to the 
palseo cerebellum, whereas those from the larger, caudal portion proceed to 
neocerebellum (p. 929). Gordon Holmes and Stewart have been able to 
demonstrate that different parts of the olivary nucleus are each represented 
ui a definite part of the cerebellar cortex. The interdependence of the two 
has been emphasised recently by Brouwer, who has shown that neocerebellar 
atrophy is associated with a corresponding atrophy of all but the upper and 
medial part of the olivary nucleus. 


Fig. 846.- 


-A transverse section through the medtdla oblongata below the 
middle of the olive. 
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The arcuate nuclei form a curved, interrupted band of grey matter which 
is closely applied to the anterior and medial aspects of the pyramid. It is 
traversed by, and may relay, the anterior external arcuate fibres, which emerge 
at the anterior median fissure and then course laterally and backwards over 
the surface of the medulla oblongata to enter the inferior cerebellar peduncle. 

The central grey matter contains the hypoglossal nucleus and the dorsal 
nucleus of the vagus, and the nucleus of the tractus solitarius lies ventrilateral 
to the last-named. 

A small isolated .group of large motor nerve- cells, termed the nucleus 
ambiguus, is placed deeply in the formatio reticidaris. It extends upwards 
as far as the upper limit of the dorsal nucleus of the vagus. The fibres which 
emerge from its upper end join the glossopharyngeal nerve, and those which 
emerge at a lower level join the fila of the vagus nerve. Inferiorly it is con- 
tinuous with a nucleus which gives origin to fibres of the cranial root of the 
accessory nerve. This nucleus represents the branchial (special visceral) 
efferent column in the medulla oblongata, and the fibres which arise from 
its cells are all distributed to striped muscle of branchial origin (p. 100). The 
manner in which these fibres behave on leaving the nucleus indicate that it 
has migrated from its normal position in relation to the central grey matter, 
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presumably under the influence of neurobiotaxis, for they pass dorsaUy and 
medially for a short distance before they curve laterally to join the emerging 
fila of the vagus and glossopharyngeal nerves (fig. 846). 

The nucleus gracilis and the nucleus cuneatus, now dimiT>iRhi-ng in size 
and irregular in outline, occupy the dorsilateral portion of the section, and 
ventral to them the nucleus of the spinal tract of the trigeminal nerve, which 
is here intersected by the fibres of the olivocerebellar tract and the emerging 
fila of the vagus, can be recognised without difficulty. 

The white matter of the medulla oblongata shows little change at this 
level. The pyramid, the medial lemniscus, the tectospinal tract and the 
medial longitudinal bundle occupy the same relative positions as they did 
at a lower level. The fibres of the olivocerebellar tract, sweeping across the 
median plane and turning dorsally to join the inferior cerebellar peduncle, 
have already been described in connexion with the olivary nucleus (p. 915). 
The anterioT esctemcU arcuate fibres, which arise from the nucleus gracilis and 
cuneatus of the opposite side, emerge from the anterior median fissure and 
course over the surface of the medulla oblongata. They pass through the 
nucleus arcuatus and may be relayed there. Then they run obliquely back- 
wards and upwards over the surface of the olive and the spinal tract of the 
trigeminal nerve, where they come into relationship with the posterior spino- 
cerebellar tract, with which they ascend to enter the ioferior cerebellar peduncle. 

The emerging fila of the hypoglossal nerve leave the ventral aspect of its 
nucleus and run forwards through the formatio reticularis. Passing lateral 
to the medial lemniscus and medial to the olivary nucleus, they curve laterally 
to emerge from the anterolateral sulcus. A relatively small lesion in the ventral 
part of the medulla oblongata at this level wiU therefore involve both the pyr- 
amidal tract and the hypoglossal nerve, causing a peculiar crossed paralysis. 
The muscles of the tongue are paralysed on the same side as the lesion, but it 
is the limbs of the opposite side of the body that are affected, for the lesion 
is situated above the level of the pyramidal decussation. 

More dorsaUy, the formatio reticularis is traversed by the fila of the vagus, 
travelling between the posterolateral sulcus and the dorsal nucleus, the nucleus 
ambiguus and the nucleus of the tractus solitarius. 

It should be observed that the spinal lemniscus, which is formed about this 
level by the union of the anterior and lateral spinothalamic tracts, is closely 
related to the nucleus ambiguus as it ascends through the upper part of the 
medulla oblongata. A small lesion in the ventral part of the formatio reticularis 
may cause paralysis of the vocal fold and of the soft palate of the same side, 
but a loss of sensibility to pain and temperature on the opposite side of the 
body. 

(4) A transverse section through the uppermost part of the medulla oblongata 
shows less striking changes. The olivary nucleus occupies the same relative 
position, but the accessory ohvary nuclei are being broken up and tend to 
disappear. 

Additional elements are present in the central grey matter. The medial 
nucleus of the vestibular nerve lies on the lateral side of the dorsal vagal nucleus, 
under the vestibular area of the floor of the fourth ventricle. It is the largest 
of the four nuclear masses in which the fibres of the vestibular nerve terminate, 
and it extends upwards into the pons, separated from the floor of the fourth 
ventricle by the auditory striae. In this nucleus fibres from the vestibular 
nerve are relayed to the cerebellum and to the medial longitudinal bundle. 

The inferior nucleus of the vestibular nerve lies on the lateral side of the medial 
nucleus, intervening between it and the inferior cerebellar peduncle. It extends 
to a lower level than the medial nucleus, but it does not extend so high into the 
pons. It receives the descending branches of the incoming fibres of the vest- 
ibular nerve. 

The dorsal nucleus of the vagus is separated from the upper end of the 
hypoglossal nucleus by a collection of cells which is termed the nucleus inter- 
calatus. This small nucleus occupies the lateral part of the trigonum hypoglossi. 
A second small nucleus ties ventral to the hypoglossal nucleus and dorsilateral 
to the medial longitudinal bundle. It is believed to function as a respiratory 
centre. 
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Fig. 847. — ^The nuclei of origin of the cranial motor nerves schematically 
represented. Lateral aspect. 



Flo. 848.— The primary terminal nuclei of the afferent (sensory) cranial nerves 
schematically represented. Lateral aspect. (The olfactory and optic centres 
are omitted.) 





THE PONS 


919 


The nucleus of the tractus solitarius^ the substantia gelatinosa and the 
nucleus ambiguus show little alteration in position. Near the upper end of the 
nucleus ambiguus a small collection of cells in the formatio reticularis constitutes 
the inferior salivary nucleus. The fibres which arise in this nucleus join the fila 
of the glossopharyngeal nerve and ultimately reach the parotid gland (p. 1068). 

The arrangement of the white substance at this level shows no conspicuous 
alteration. The hiferior cerebellar peduncle has increased in size and forms a 
well-marked elevation on the dorsilateral aspect of the medulla oblongata. 
Fibres from the olivary nucleus [olivocerebellar tract] and from the nucleus 
gracilis and the nucleus cuneatus of the opposite side [anterior external arcuate 
fibres] and the posterior spinocerebellar tract of the same side, have already 
been traced into it, and in addition it receives the posterior external arcuate 


Fig. 849. — scheme showing the constitution of the inferior cerebellar peduncle. 
V estibulocerebdlar fibres 



fibres which join it from the nucleus gracilis and the nucleus cuneatus of the 
same side (figs. 849 and 857). 

The disposition of the medial lemniscus alters as it is traced upwards. Its 
ventral part widens and insinuates itself between the dorsal aspect of the 
pyramid and the narrowing upper end of the olivary nucleus. At the same 
time its dorsal part recedes from the tectospinal tract and the medial longitud- 
inal bundle, with which it is in close relation at lower levels in the medulla 
oblongata. 


The Pojrs 

The pons, or fore part of the hind-brain, is situated in front of the cere- 
bellum. From its upper part the cerebral peduncles emerge, one on each side 
of the median plane. Behind and below, the pons is continuous with the 
medulla oblongata, but is separated from it in front and laterally by a transverse 
furrow in which the abducent, facial, and auditory nerves appear. 

The ventral or anterior surface of the pons (fig. 836) is prominent, being 
markedly convex from side to side, less so from above downwards. It consists 
of transverse fibres arched like a bridge across the median plane, and gathered 
on each side into a compact mass which forms the middle cerebellar peduncle. 
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It rests upon the dorsum sellse of the sphenoid bone and on the upper portion 
of the basilar part of the occipital bone, and is limited above and below by well- 
defined borders. In the median plane the anterior surface of the pons is marked 
by the shallow sulcus basilaris for the lodgement of the basilar artery ; this 
sulcus is bounded on each side by an eminence caused by the descent of the 
cerebrospinal fibres through the substance of the pons. Lateral to these 
eminences, near the upper border of the pons, the trigeminal nerves make their 
exit, each consisting of a smaller, medial, motor root, and a larger, lateral, 
sensory root ; vertical lines, drawn immediately lateral to the attachments 
of the trigeminal nerves, may be taken as the boundaries between the ventral 
surface of the pons and the middle cerebellar peduncles. 

The dorsal or posterior surface of the pons, triangular in shape, is hidden by 
the cerebellum, and bounded laterally by the superior cerebellar peduncles ; 
it forms the upper part of the floor of the fourth ventricle, with which it will be 
described (p. 940). 

The surface distinctions between the medulla oblongata and the pons, 
which are present in all mammals but are accentuated in the anthropoid apes 
and man, are not discernible in lower vertebrates. Transverse sections through 
the pons in man show that it is readily subdivisible into a ventral and a dorsal 
portion. The ventral portion, which is termed the basilar part, contains bundles 
of longitudinal fibre, a great number of transverse fibres, and scattered collect- 
ions of grey matter which constitute the nuclei pontis. The dorsal portion 
retains all the characteristic features of the medulla oblongata and is the true 
upward continuation of that structure. It contains representatives of the 
somatic efferent column, the branchial efferent column, the somatic afferent 
column and the auditolateral column. In addition, it is traversed by the 
medial lemniscus, the medial longitudinal bundle, the spinal lemniscus, the 
anterior spinocerebellar tract, the rubrospinal tract, etc., in fact, all the tracts 
which are passing from lower to higher or from higher to lower levels, with the 
single exception of the pyramidal tract. 

The si^iificance of the basilar part of “the pons becomes clear when it is 
remembered that owing to the increased possibilities of movement in the 
mammalia, the mammalian cerebellum attains a vastly greater importance 
than it possesses in the nervous system of lower vertebrates. The complex 
movements of the mammalia demand perfect synergic control for their proper 
execution, and it is assured by the connexions which develop between the 
cerebral cortex and the neocerebeUum, through the medium of the nuclei pontis. 
In man, large fibre tracts connect all the areas of the cerebral cortex with the 
nuclei pontis, where they are relayed to the cerebellum. 

The basilar part of the pons is an expression of the importance of the effector 
apparatus as an index of evolutionary progress. The intimate relationship 
between visual and auditory impressions on the one hand and the movements 
involved in speech and writing on the other demand a rich connexion between 
the visual, auditory and motor areas of the cortex with the cerebellum. There 
is no need to multiply examples to illustrate that in the complexity of his 
movements man is far ahead of his nearest relations in the animal kingdom, 
and that, therefore, in man the basilar part of the pons attains its highest 
development. 

In the lowliest mammals, such as Echidna, the basilar part is present only 
in the region of the pons which lies above the attachment of the trigeminal 
nerve. Its enlargement in higher mammals is effected by its extension in a 
caudal direction. As a direct result of this extension, the sixth, seventh 
and eighth cranial nerves take their surface origin along its lower 
border. 

Internal structure of the pons. — The basilar part presents a similar arrange- 
ment of its grey and white matter at aU levels. 

The latitudinal bundles comprise the cerebropontine and the important 
cerebrospinal (motor) fibres, which are continued downwards from the base of 
the cerebral peduncle. As they enter the upper limit of the basilar part of the 
pons, they form a compact collection of fibres, but they rapidly become broken 
up into numerous smaller bundles, separated from one another by the nuclei 
pontis and the transverse fibres of the pons. The cerebrospinal fibres descend 
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througb. the whole length of the pons and enter the pyramid of the medulla 
oblongata, where they form a compact tract (p. 914). In their course through 
the pons they give off fibres which run backwards, downwards and medially 
and cross the median plane to reach the motor nuclei of the fifth, sixth and 
seventh cranial nerves of the opposite side. The cerebTopontiTie fibres ^ which are 
derived from the cerebral cortex, especially of the frontal, temporal and occipital 
regions, terminate at different levels in the nuclei pontis and are relayed as 
ponticerebellar fibres to the opposite cerebellar hemisphere (fig. 857). These 
latter form the transverse fibres of the pons and constitute nearly the whole 
of the middle cerebellar peduncle. 


Fig. 850. — coronal section through the upper part of the pons. 
(Semidiagrammatie. After Villiger.) 
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The nuclei pontis comprise aU the masses of grey matter which are scattered 
everywhere throughout the basilar part of the pons. As already indicated, 
they constitute cell-stations on the pathway from the cerebral cortex to the 
cerebellum. The cells which constitute the nuclei pontis are derivatives from 
the rhombic lip which migrate ventrally and headwards. 

All the cells which migrate in this direction do not succeed in reaching the basilar part of 
the pons. Some of them remain, forming an oblique ridge across the dorsilateral aspect 
of the inferior cerebellar peduncle, and constitute the nucleus of the circumolivary bundle 
(corpus pontobulbare). The fibres to which this discrete part of the nuclei pontis gives 
origin run vertically upwards on the surface between the emerging seventh nerve on the 
medial side, and its sensory root and the eighth nerve on the lateral side. The afferent 
fibres to the nucleus traverse the whole length of the pons with the cerebrospinal fibres and 
leave them only in the medulla oblongata. They course obliquely backwards and upwards 
over the surface of the olive, to reach their destination, forming thb fa^dculus circumolivaris 
pyramidis (fig, 856 ). 

The dorsal part of the pons shows many differences in structure, in its lower 
and upper parts. 
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The areas not occupied by the central grey matter, the named nuclei and 
the principal jfibre tracts constitute the formatio reticularis of the pons. • It 
consists of scattered islets of grey matter, traversed by white fibres which are 
passing in all directions. 

(A) The lower part of the tegmentum contains the somatic motor nucleus of 
the sixth cranial nerve, the branchial motor nucleus of the seventh cranial 
nerve, the auditolateral nuclei of the vestibular and cochlear divisions of the 
eighth nerve, and certain isolated collections of grey matter which will be 
referred to below. 

The medial nucleus and the inferior nucleus of the vestibular nerve are con- 
tinued upwards for a short distance into the tegmentum of the pons. The 
lateral vestibular nucleus is placed on the ventrilateral aspect of the medial 
nucleus, between it and the inferior cerebellar peduncle. This nucleus is 
characterised by the large size of its constituent cells, which is strongly suggest- 
ive of their motor character. Some of the fibres of the vestibular nerve are 
relayed in the lateral nucleus and emerge from its medial side. They turn 
downwards and descend through the pons and medulla oblongata to enter the 
anterior white column of the spinal cord, where they -constitute the vestibule- 
spinal tract They end, uncrossed, by arborising round the dendrites of the 
large motor cells of the anterior grey column, and they clearly constitute the 
outgoing pathway for vestibulospinal reflexes. 

The superior vestibular nucleus extends to a higher level in the pons than 
the other nuclei of the vestibular nerve. It is continuous with the upper end 
of the lateral nucleus and occupies the superolateral portion of the vestibular 
area. The fibres of the vestibular nerve which are relayed in this nucleus may 
pass to the cerebellum or to the medial longitudinal bundle, of which they form 
an important constituent. 

The ventral cochlear nucleus is placed on the ventrilateral aspect of the 
inferior cerebellar peduncle (restiform body), as it passes upwards and laterally 
through the lower part of the pons. It receives afferent fibres from the cochlear 
nerve, and its outgoing fibres pass medially through the substance of the teg- 
mentum and decussate with corresponding fibres of the opposite side. In this 
situation they constitute the corpus trapezoideum and they subsequently 
enter the lateral lemniscus. Small islets of grey matter are found amongst the 
fibres of the corpus trapezoideum, from which they receive fibres and collaterals. 
They send their efferent fibres into the lateral lemniscus and into the dorsal nucleus 
of the corpus trapezoideum (superior olive) (p. 923). These scattered collections 
of nerve- cells together form the ventral nucleus of the corpus trapezoideum. 

The dorsal cochlear nucleus, which receives the remainder of the fibres of 
the cochlear nerve, lies on the dorsal aspect of the inferior cerebellar peduncle 
(restiform body) and forms the auditory tubercle (p. 941). The fibres to which its 
cells give origin course medially, lying immediately under the fioor of the fourth 
ventricle and constituting the auditory strice (strise meduUares).* On reaching 
the median sulcus they bend ventrally and cross the median plane, decussating 
obliquely with the corresponding fibres of the opposite side. Continuing in a 
ventrilateral direction they join the fibres of the corpus trapezoideum, and turn 
upwards with them to form the lateral lemniscus (p. 924). Some of the fibres 
from the dorsal cochlear nucleus take no part in the formation of the auditory 
strise but run obliquely through the substance of the tegmentum to reach the 
lateral lemniscus of the opposite side. 

The pathways followed by the second neurone fibres of the vestibular and 
cochlear nerves are not so sharply differentiated as might be supposed ffom 
the description given above. It’ would appear from the work of Winkler f and 
others that the vestibular nuclei (especially the lateral nucleus) contribute 
many fibres to the auditory striae, the corpus trapezoideum and the lateral 
lemniscus, and that similar reflex movements may be induced both by vest- 
ibular and by cochlear stimulation (see also p. 949). 

* It would appear that the strise auditorise are formed by the external arcuate fibres 
and by fibres from the peduncle of the flocculus, as well as by fibres from the dorsal cochlear 
nucleus. , • 

f Winkler, C., The Central Course of the Nervus Octavus and its Influence on Motility.” 
1918. Opera omnia, vol. iv. 
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The dorsal 7iucleus of the corpus irapezoideum (superior olive) is a small 
nucleus which is closely related to the corpus trapezoideum in the ventrilateral 
part of the formatio reticularis. It receives collaterals from many of the second 
neurone fibres of the eighth nerve, and others of these fibres terminate in its 
substance. Prom its dorsal aspect a bundle of new fibres emerges and con- 
stitutes its peduncle. They pass to the medial longitudinal bundle (fig. 851), 
and so, probably, reach the motor nuclei of other cranial nerves and the inferior 
corpus quadrigeminum. 

The nucleus of the abducent nerve lies in the central grey matter a short 
distance from the median plane. It is the representative at this level of the 
somatic efferent column, and it lies in line with the nuclei of the third and fourth 
cranial nerves, above, and the hypoglossal nerve, below. It is in close relation 
with the medial longitudinal bundle, which is placed to its ventrimedial side. 
In this way fibres from the vestibular and cochlear nuclei and the nuclei of other 


Fig. 851. — Section through the left half of the pons, showing the coui'se 
taken by the fibres of the facial nerve after leaving their nucleus of origin. 
Diagrammatic. 



cranial nerves, especially the third nerve, have easy access to the sixth nucleus. 
It also bears an intimate relationship to the emerging fibres of the facial nerve 
(see below). The outgoing fibres of the sixth nerve pass ventrally and down- 
wards through the formatio reticularis, intersecting the corpus trapezoideum 
and the medial lemniscus and traversing the basilar part of the pons to reach 
the surface at its lower border. 

The facial nucleus lies m the ventrilateral part of the^ formatio reticularis 
of the pons, immediately dorsal to the dorsal nucleus of the corpus trapezoideum. 
Dorsal to it, and somewhat to its lateral side, lies the spinal tract of the trigeminal 
nerve and its associated nucleus. The facial nucleus receives fibres from the 
pyramidal tract of the opposite side and also a smaller number from the pyr- 
amidal tract of the same side. Its large motor cells give origin to the fibres of 
the facial nerve. These fibres do not pass directly from their origin to the 
surface of the pons, but pursue a very remarkable course. At first they incline 
dorsaUy and medially towards the floor of the fourth ventricle, where they 
come into relationship with the abducent nucleus (fig. 851). They then course 
upwards on the medial side of this nucleus, coming into close relationship 
with the medial longitudinal bundle, by means of which the seventh nerve may 
be brought into communication with the other cranial nerves. Finally, the 
fibres of the facial nerve curve forwards over the upper end of the sixth nucleus 
and pass forwards, laterally and downwards through the reticular formation. 
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In their course to the surface they pass between their own nucleus on the medial 
side and the nucleus of the spinal tract of the trigeminal nerve on the lateral 

The imusual behaviour of the emerging fibres of the seventh nerve provides 
striking evidence in favour of the theory of neurobiotaxis (p, 911). In the 
10 mm, human embryo the facial nucleus lies in the floor of the fourth ventricle, 
occupying the position of the branchial (special visceral) efferent column, and 
at this stage it is placed at a higher level than the abducent nucleus. As 
growth proceeds, the facial nucleus migrates at first caudally, domal to the 
sixth nucleus, and then ventraUy to reach its adult position. As it migrates 
the axons to which its cells give rise elongate, and their subsequent course 
maps out the pathway along which the facial nucleus has travelled. 

It must be remembered that the facial nucleus not only receives fibres from 
the pyramidal tracts for volitional control, but it also receives fibres from its 
own sensory root (through the nucleus of the tractus solitarius) and from the 
nucleus of the spinal tract of the trigeminal nerve. These latter sources of 
stimulation complete local reflex arcs, in every way similar to the segmental 
reflex arcs in the spinal cord. It is in an endeavour to retain its proximity 
to the nucleus of the tractus solitarius and to the nucleus of the spinal tract 
of the trigemmal nerve that the facial nucleus migrates from its original position 
in the basal lamina. 

The nucleus of the spinal tract of the trigeminal nerve is continued up through 
the lower part of the pons, the fibres of the tract being closely applied to the 
lateral aspect of the nucleus. It is placed ventral to the lateral vestibular 
nucleus and is intersected by the fibres of the vestibular nerve which are 
destined for that nucleus. The inferior cerebellar peduncle (restiform body) hes 
to its lateral side below, but passes dorsally as it ascends to the cerebellum, and 
the spinal tract of the trigeminal nerve and its nucleus are subsequently related 
to the middle cerebellar peduncle. 

In addition to most of the important tracts akeady studied at a lower level 
the white matter of the lower part of the tegmental region of the pons has 
the corpus trapezoideum, the lateral lemniscus and the emerging fibres of the 
sixth and seventh cranial nerves which are new elements not present in the 
upper part of the medulla oblongata. 

The medial lemniscus occupies the ventral part of the tegmentum. Its 
outline, on transverse section, is a flattened oval, extending laterally from the 
median raphe. The vertically running fibres of the medial lemniscus are 
intersected by the horizontal fibres of the corpus trapezoideum. Laterally 
they are related to the spinal lemniscus and to the trigeminal lemniscus. The 
fibres of the latter are derived from the cells of the nucleus of the spinal tract 
of the trigeminal nerve of the opposite side, and they convey painful and 
thermal impressions from the sk^ of the face, the mucous membrane of the 
tongue, mouth, nose, etc. 

The corpus trapezoideum is formed by the fibres which arise in the ventral 
cochlear nucleus. They run horizontally in the ventral part of the tegmentum, 
and, having intersected the vertical fibres of the medial lemniscus, they cross 
the median raphe, decussating with the corresponding fibres of the opposite 
side. Before they reach the emerging fibres of the seventh nerve the fibres 
of the , corpus trapezoideum turn upwards to form the lateral lemniscus. In 
addition to the fibres from the ventral cochlear nucleus, the corpus trapezoideum 
is joined by the fibres which arise in the dorsal cochlear nucleus of the opposite 
side (p. 922). 

The course of the outgoing fibres from the nuclei of the sixth and seventh 
cranial nerves has already been examined. 

The medial longitudinal bundle lies close to the median plane, immediately 
ventral to the central grey matter. It is closely related to the nucleus of the 
abducent nerve and to the emerging fibres of the facial nerve, as they ascend 
on the medial side of that nucleus. The proximity of the fasciculus suggests 
that it may receive fibres froni and transmit fibres to both structures (p. 949). 
As it hes in the lower part of the pons, the medial longitudinal bundle receives 
fibres from the medial and superior vestibular nuclei, the dorsal nucleus of 
the corpus trapezoideum (superior ohve) (p. 923), and probably also from the 
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auditory striae, with which it comes into close relation. These contributions 
from the eighth nerve form the greater part of the fasciculus (p. 949). 

(B) The tegmental region of the upper part of the pons contains new 
elements in connexion with the trigeminal nerve, but otherwise shows no very 
noticeable alteration. 

The somatic efferent column of the grey matter is unrepresented, but the 
branchial efferent column is represented by the important motor nucleus of the 
trigeminal nerve. It is separated from the lateral part of the floor of the fourth 
ventricle by a thin layer of central grey matter and by a part of the formatio 
reticularis pontis. The general splanchnic efferent and afferent columns are 
not represented in the pons, and so the trigeminal motor nucleus has its sensory 
nucleus — ^which represents the somatic afferent column — situated close to its 
lateral side. It receives fibres from the pyramidal tract of the opposite side 
^nd from the rubrospinal tract of the same side. 

The su'perior sensory nucleus of the trigeminal nerve hes on the lateral side 
of its motor nucleus, intervening between it and the middle cerebellar peduncle. 
It receives the short ascending branches of the iiicoming sensory fibres of the 
trigeminal nerve and is continuous below with the nucleus of the spinal tract, 
wHch receives their long descending branches. 

The sensory root of the trigeminal nerve, unlike the sensory roots of the 
other cranial nerves, contains fibres of both cutaneous and deep sensibility. 
CUnical evidence suggests that the fibres which terminate in the nucleus of 
the spinal tract convey crude painful and thermal (vital) sensibility, while the 
superior sensory nucleus receives the fibres conveying proprioceptive and dis- 
criminative (gnostic) sensibility. This view receives additional support from 
the phylogenetic history of the superior sensory nucleus. It is absent in 
fishes, although they possess a well-defined nucleus of the spinal tract. It is 
present, but of small size relatively, in amphibia and reptiles, and it is con- 
stantly present in the mammalia. It therefore shows a close parallel to the 
nucleus gracilis and the nucleus cuneatus. 

In addition, clinical evidence tends to show that painful stimuli from 
the area innervated by the ophthalmic nerve enter the lowest part of the 
nucleus of the spinal tract ; those from the maxOlary nerve terminate in its 
middle part ; and those from the mandibular nerve, in its upper part. 

The nucleus of the lateral lemniscus is a small collection of cells placed on the 
medial aspect of the tract in the upper part of the pons. It receives collaterals 
and fibres from the lateral lemniscus, and some of its efferent fibres enter the 
medial longitudinal bundle. 

The white matter of the tegmentum at this level is marked by the absence 
of the corpus trapezoideum, which is now replaced by the lateral lemniscus, 
and the invasion of its dorsilateral part by the superior cerebellar peduncles. 

The medial lemniscus occupies a position in the ventral part of the tegmentum, 
but it has moved laterally a short distance from the median raphe. Laterally 
it is related to the spinal lemniscus^ the trigeminal lemniscus^ and to the lateral 
lemniscus and its nucleus. As the lateral lemniscus ascends, it passes dorsally 
and lies close to the surface. It will be seen subsequently to send its fibres into 
the inferior corpus quadrigeminum and the medial geniculate body. The 
medial longitudinal bundle retains its paramedian position. 

The superior cerebellar peduncle is formed by a large collection of fibres which 
take origin in the dentate nucleus of the cerebellum (p. 937), and pass upwards 
and forwards to enter the lateral part of the roof of the fourth ventricle. As it 
ascends in this position it. inclines forwards and medially and enters the dorsi- 
lateral part of the tegmentum. The anterior spinocerebellar tract is intimately 
associated with the foregoing. It has already been traced up through the 
medulla oblongata, where it lies dorsal to the olivary nucleus and only separated 
from the surface by the anterior extemah arcuate fibres. In the lower part of 
the pons it inclines dorsaUy between the sensory nucleus of the trigeminal nerve 
and the middle cerebellar peduncle until it reaches the lateral aspect of the 
superior peduncle. Its fibres then curve downwards and backwards to enter 
the cerebellum. 
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The Cerebellum 

The cerebellum, the largest part of the hind- brain, lies behind the pons 
and medulla oblongata, and its median portion is separated from these structures 
by the cavity of the fourth ventricle. It lies in the inferior fossae of the occipital 
bone and is covered by the tentorium cerebelli (p. 1024). It is somewhat ovoid 
in form, but constricted in its median part, and flattened from above downwards, 
its greatest diameter being from side to side. Its surface is not convoluted 
like that of the cerebrum, but is traversed by numerous curved furrows, which 
vary in depth at different parts and separate its constituent folia. Its average 
weight in the male is about 150 gms. In the adult the proportion between the 
cerebellum and cerebrum is about 1 to 8, in the infant about 1 to 20. 

General form. — The cerebellum consists of a narrow, median strip, termed 
the vermis, and two cerebellar hemispheres. On the superior surface, however^ 
there is no attempt at subdivision in the sagittal or parasagittal planes, so that 
the superior vermis, which is raised into a slight median ridge, is directly con- 
tinuous with the hemisphere on each side. Anteriorly the superior vermis 

Eig. 852. — The cerebellum. Superior aspect. (Sharpey-Schafer.) 
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projects upwards beyond the free margin of the tentorium cerebelli, and &om 
there it slopes downwards and backwards, related above to the straight sinus. 
The upper surface of each hemisphere is in contact with the tentorium cerebelli, 
and slopes downwards and laterally from the superior vermis. It is bounded, 
in front, by an anterolateral margin, which corresponds to the attachment of 
the tentorium cerebelli to the posterior border of the petrous part of the temp- 
oral bone, and behind, by a curved posterior margin, which abuts against the 
transverse sinus as it lies in the attached margin of the tentorium cerebelli. 

On the inferior surface the cerebellar hemispheres are separated from each 
other by a deep hollow, which is termed the vallecula. The inferior surface 
of the hemisphere is irregularly, convex and lies in contact with the posterior 
surface of the petrous part of the temporal bone, the sigmoid sinus, the mastoid 
part of the temporal bone and the lower part of the squamous portion of the 
occipital bone. The inferior vermis projects into the floor of the vallecula and 
is limited on each side by the sulcus valleculce. 

Anteriorly the cerebellum presents a wide, shallow notch, which lodges the 
pons and the upper part of the medulla oblongata, but these portions of the brain- 
stem are separated from it by the fourth ventricle. In the floor of the anterior 
cerebellar notch the peduncles pass into the white centre of the cerebellum. 

Posteriorly the hemispheres are separated from each other by the posterior 
cerebellar notch, which is a deep and narrow interval, lodging the falx cerebelli 
of the dura mater. 
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Subdivisions of the Cerebellum 

Ths nomenclature of the subdivisions of the cerebellum has undergone 
drastic revision in recent years and, owing to the researches of Bolk, Elliot 
Smith, Ingyar, Eiley, Abbie and others, it is now possible to subdivide the 
cerebellum into areas which have the merit of possessing both an embryological 
and a morphological significance. Two lobes can be recognised, each consisting 
of a median and right and left lateral parts. They are separated by a deep 
fissure, termed the fissura prima, which crosses the whole width of the superior 
surface of the cerebellum and presents the outline of a widely open V (fig. 852). 
The portion of the cerebellum which lies in front of the fissura prima constitutes, 
the anterosuperior (morphologically anterior) lobe. The portion which lies 
behind the fissura prima constitutes the postero-inferior (morphologically post- 
erior) lobe ; it includes not only the 
posterior part of the superior surface, 
but the whole of the inferior surface as 
well. 

Superior surface. — ^The antero- 
superior lobe forms rather less than one 
half of this surface. It is bounded in 
front by the anterior cerebellar notch 
and behind by the fissura prima, and 
includes a large part of the superior 
vermis. The remainder of this surface 
forms a part of the postero-inferior 
lobe. On each side the fissura prima 
reaches the anterolateral margin of the 
hemisphere, where it meets the middle 
cerebellar peduncle and cuts into the 
horizontal fissure. It is not continued 
round the anterolateral margin on to 
the inferior surface. 

The part of the superiorvermia which 
is included in the anterosuperior lobe is 
intersected by two short, but deep, 
transverse fissures, and is subdivided 
into three portions, termed the lingula, the central lobule and the lobulus culminis, 
in that order- from before backwards. The lingula consists of a single lamella, 
which presents four or five poorly marked folia on its posterior aspect, while its 
anterior aspect is devoid of grey matter and is directly continuous with the 
white matter of the superior medullary velum (fig. 863), The central lobule, 
which is separated from the lingula by the postlingual fissure, is visible only on 
the anterior surface of the cerebellum ; on each side it is continuous with the 
ad joining parts of the hemisphere, which are named the alee. The lobulus 
culminis forms the whole of the median part of the anterosuperior lobe visible 
on the superior surface of the cerebellum. It is separated from the central 
lobule by the postcentral fissure and is Mmited behind by the fissura prima. On 
each side it is continuous with the adjoining parts of the hemisphere, which are 
termed the anterior lunate lobules. 

The posterior part of the superior surface of the cerebellum is formed by the 
postero-inferior lobe. It includes a small portion of the superior vermis, which is 
divided into a lobulus clivi and a lobulus folii ; the former adjoins the fissura 
prima. The large part of the superior surface of the hemisphere which belongs 
to this lobe is sub^vided into two parts by a curved fissure, termed the post- 
lunate fissure ; it separates the posterior lunate lobule in front from the superior 
surface of the ansiform lobule hehmd. 

The inferior surface of the cerebellum belongs entirely to the postero-inferior 
lobe : it includes the whole of the inferior vermis and the inferior aspect of each 
hemisphere. The inferior vermis is subdivided into four small portions, named, 
from before backwards, the nodule, the uvula, the pyramid and the lobulus 
tuberis. The nodule, which is intimately related to the fourth ventricle {vide 


Fig. 853. — The lobes of the cerebellum. 



A. Superior surface. B. Inferior surface. 
The anterosuperior lobe is shown in blue, and the 
postero-inferior lobe is uncoloured. 
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infra), is separated from the uvula by a short but deep transverse fissure, termed 
the postnodular fissure. A similar fissure, termed th.G fissura secuuda, intervenes 
between the uvula and the pyramid, which is separated from the lohulus tuberis 
by the postpyramidal fissure."^ 

The inferior surface of the hemisphere is marked by a deep fissure, termed 
the retrotonsillar fissure, which passes laterally from the sulcus valleculae opposite 
the fissura secunda and then curves forwards to gain the anterior aspect of the 
hemisphere. Together with the sulcus valleculse it forms the boundaries of a 
circumscribed portion of the cerebellum, termed the tonsil, which is connected 
to the uvula across the floor of the sulcus valleculse by a strip of cortex, termed 
the furrowed hand. Superiorly the tonsil lies in intimate relation with the 
inferior surface of the inferior medullary velum. The large remaining part of 
the inferior surface of the hemisphere forms the inferior surface of the aTtsiform 
lobule, and the portion of it which lies lateral to the tonsil is connected to the 
lateral aspect of the pyramid across the floor of the sulcus valleculae. The 
ansiform lobule is intersected by a deep fissure, named the horizontal fissure, 
which separates its inferior from its superior surface. In a general way 
this fissure follows the posterior and anterolateral borders of the hemisphere 
and its lips are separated -in front by the middle cerebellar peduncle ; it 
may appear on the superior surface of the cerebellum near the posterior 
cerebellar notch. 

A small, partially detached portion of the cerebellum, termed the flocculus, 
lies immediately below the auditory nerve as it enters the brain-stem, and is 
crossed anteriorly by the fila of the glossopharyngeal and vagus nerves as they 
pass laterally to reach the jugular foramen. It is somewhat oval in outline, 
with a crenated margin, and from its medial end a narrow band of white fibres 
emerges, which constitutes the peduncle of the flocculus ; it is covered anteriorly 
by the lateral recess of the fourth ventricle and the part of the choroid plexus 
which projects from the aperture of the recess (fig. 836). 

The superior aspect of the nodule is directed towards the fourth ventricle. Anteriorly 
it is covered with grey matter and crossed by two or three shallow fissures. In this situation 
it is separated from the ventricular cavity by a double layer of pia mater and its contained 
choroid plexus, and the ventricular ependjuna (fig. 863). Posteriorly the grey matter is 
deficient, and the white matter hes on the free surface, covered with a layer of neuroglia 
and the ventricular ependyma (fig, 863). The lateral aspect of the nodule is free anteriorly 
and is covered with grey matter ; posteriorly, it presents a narrow strip, where its white 
core would be exposed, were it not directly continuous with the nervous layer of the inferior 
medullary velum. 

The peduncle of the flocculus contains both afferent and efferent fibres. At the lateral 
angle of the floor of the fourth ventricle it divides into a dorsal and a ventral part. Through 
the dorsal part the flocculus establishes connexions with the cerebellar nuclei and the 
pyramid, and some fibres traverse the inferior medullary velum to reach the nodule and 
the uvula. The ventral part passes medially and turns upwards close to the lateral border 
of the pontine part of the floor of the fourth ventricle. Many of these fibres are afferent 
from the vestibular nuclei, but others are efferent and ascend to a higher leveLf 

Certain portions of the cerebellum are phylogenetically much older than the 
rest and constitute the palceocerebellum. They comprise the lingula in the antero- 
superior lobe, and the flocculi, the nodule and the uvula in the postero-inferior 
lobe. The appearance of higher motor centres in the neopallium (p. 973) called 
for increased cerebellar activity, and the demand was met by enlargement of 
certain portions of the vermis (lobulus culminis, lobulus clivi, lobulus folii and 
lobulus tuberis J) and by lateral extensions which formed the hemispheres. 
These therefore are more recent acquisitions and have become greatly expanded 

* On morphological grounds this fissure is frequently termed the prepyramidal fissme. 

t For a detailed description consult a paper by T. B. Johnston in the Jov/mal of Anatomy, 
vol. Ixviii., July, 1934. 

f According to Abbie the lobulus cuhninis receives, through the medium of the lower 
transverse fibres of the pons, numerous connexions from the temporal, parietal and occipital 
cortex, whereas the lobuli clivi, folii et tuberis receive similar connexions from the frontal 
cortex through the upper transverse fibres of the pons. For a detailed account, see Phil. 
Trans. Series B. vol. 115, j^o. B. 795, “ The Projection of the Forebrain on the Pons and 
Cerebellum,” by A. A. Abbie. 
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and elaborated in the mammalia and especially in the anthropoid apes and man. 
They are linked up freely with the cerebral cortex and constitute the nco- 
cerebellum, which has kept pace in its evolution with the growth of the basilar 
part of the pons and the growth of the olivary nucleus. 

The superior (anterior) meduU^ velum is a thin lamina of white substance, 
which stretches between the superior cerebellar peduncles (brachia conjunctiva), 
and with them forms the roof of the upper part of the fourth ventricle ; its 
deep surface is covered with the ventricular ependjuna. The velum is narrow 
above, where it extends into the interval between the inferior corpora <][uadri- 
gemina, and broader below, where it is continuous with the white substance 
of the superior vermis. The folia of the lingula are prolonged on to the dorsal 
surface of its lower half, and a median ridge, termed the freTiuluin veli, descends 
upon its upper part from between the inferior corpora (^[uadrigemina. The 
trochlear nerves emerge at the sides of the frenulum (fig. 864). 

The inferior (posterior) medullary vela form two thin, somewhat crescentic, 
sheets, placed one on each side of the nodule. Each consists of a thin layer of 
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The tonsU and the adjoining part of the ansiform lohule of the right side have been removed. 


white matter and neuroglia, covered on its upper aspect with the ventricular 
ependyma, and on its lower aspect with pia mater. Its superior surface forms 
the lower wall of the lateral dorsal recess of the fourth ventricle (p. 938) ; its 
inferior surface is related to the superior aspect of the tonsil. Its convex 
peripheral margin is continuous with the white core of the cerebellum and with 
the sides of the pyramid, uvula and nodule ; its anterior (sometimes inferior) 
border is free (fig. 863) and from it the ventricular ependyma is prolonged 
downwards in close apposition with the pia mater to form the thm part of the 
roof of the ventricle and to reach the tsenise. At its anterolateral comer the 
velum is continuous with the dorsal part of the peduncle of the flocculus, 
from which most, if not all, of its nerve fibres are derived. 


Development of the Cebebelltjm 

Early in the third month the cerebellum is represented by a mass which 
stretches across the roof of the upper part of the hind-brain vesicle and presents 
the appearance of a dumb-bell (fig. 146). Its narrow median part is destined 
to form the vermis, and its enlarged extremities develop into the hemispheres. 
As growth proceeds a number of transverse grooves appear on the dorsal aspect 
of the cerebellar rudiment, and give rise to the numerous fissures which char- 
acterise the surface of the cerebellum (fig. 854). 



930 NEUROLOGY 

The first of these grooves demarcates the most caudal portion of the hemi- 
sphere, and is termed the parafloccular fissure. The parts which lie caudal to 
the fissure form the flocculus and the paraflocculus,* which is only a vestigial 
structure in the human brain. At first these structures constitute the most 
caudal part of the hemisphere, but, owing to the growth of the adjoining areas, 
they come to occupy the anterior part of the inferior surface in the adult. 
About the same period a small groove delimits the most caudal part of the 
vermis, which forms the nodule. This postnodular fissure is in line with the 
parafloccular fissure, and throughout life the nodule remains connected to 
the- flocculus by the inferior medullary velum. Both these parts of the cere- 
bellum are formed in close proximity to the line of attachment of the epithelial 
roof, i.e. to the rhombic lip (p. 112). 

At the end of the third month a transverse furrow appears on the cephalic 
slope of the cerebellar rudiment, and deepens to form the fissura prima, which 
cuts into th^ vermis and both hemispheres, separating off the most headward 
portion of the rudiment to form the anterosuperior lobe of human anatomy 
(morphologically anterior lobe). 

About the same period two short transverse grooves appear on the inferior 
vermis behind the postnodular fissure. The first of these is the fissura securda^ 
which demarcates the uvula, and the second is the postpyramidal fissure^ 
which demarcates the pyramid (fig. 855). The whole cerebellum grows in a 
dorsal direction, and the caudal, or inferior, aspects of the hemispheres undergo 
much greater enlargement than the inferior vermis, which therefore becomes 
buried at the bottom of a deep hollow — ^the vallecula. While these changes 
are taking place numerous additional fissures develop, but they have little 
morphological significance. The most extensive of them forms the horizontal 
fissure. 


THE INTERNAL STRUCTURE OF THE CEREBELLUM 

The cerebellum exhibits a profound difference in structure from the spinal 
cord, the medulla oblongata and the pons, for the grey and white matter of 
which it is comprised are arranged in a precisely opposite maimer. The grey 
matter is found covering the whole, surface of the cerebellum and dipping 
in to line the various fissures which cross its surface. It is true that certain 
aggregations of grey matter are found in its interior, but that does not m any 
way alter the importance of the peripheral distribution of the grey matter as 
a whole, and the central arrangement of the white matter. In this way the 
cerebellum resembles the cerebrum, and it is this modification of the disposition 
of the grey matter which has rendered possible the enormous degree of expan- 
sion which these two parts of the nervous system have undergone during the 
process of evolution. 

The white matter forms a central core, which is much thicker in the lateral 
parts than it is in the median area, where it forms a flattened strip connecting 
the enlarged lateral portions to each other. From its surfaces a series of nearly 
parallel plates or laminae project towards the surface, and these give off second- 
ary laminae, usually more or less at right angles to the primary laminae. In 
turn the secondary laminae may give off still shorter laminae, all of which are 
covered with grey matter. When a section is made through the cerebellum 
parallel to the median plane it divides the primary laminae at right angles, and 
the cut surface presents a characteristic branched appearance which is termed 
the arbor vitce (fig. 860). 

The white matter of the cerebellum consists of (I) fihrice proprice and (2) 
projection fibres. 

(1) The fibrm proprioe do not leave the cerebellum, but connect different 
cortical areas with one another. They may cross the median plane, and in that 

* In man the paraflocculus is represented by one or two small folia, placed on the inferior 
aspect of the middle cerebellar peduncle, close to the posterior margin of the flocculus, from 
which it is separated by a distinct fissure (fig. 854 ). 
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ev6iit thoy are termed. coYnyyiissuTcil fibtcs^ or tliey may be homolateral dusocicLf iou 
fibres. The latter may pass between adjoining laminss or they may extend 
from one area to another through the central white core, 

(2) The itinerant (projection) fibres connect the cerebellum with other parts 
of the brain and the spinal cord. They are grouped together into three large 
bimdles or peduncles on each side and these issue from the anterior cerebellar 
notch. The superior peduncles connect the cerebellum to the mid-brain, the 
middle peduncles connect it to the pons, and the inferior peduncles connect it 
to the medulla oblongata. 

The superior cerebellar peduncles (brachia conjunctiva) emerge from the 
upper part of the anterior cerebellar notch and are hidden from view by the 
anterosuperior lobe of the cerebellum. When that structure is pulled aside they 
can be seen connected by the superior (anterior) medullary velum, and ascending 
in the lateral part of the roof of the fourth ventricle to disappear just 


Fig. 855. — ^Median sagittal sections through the developing cerebellum, showing 

four different stages. 
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below the inferior corpora quadrigemina. The great majority of the fibres 
which constitute this strand are efferent from the cerebellum and take origin, 
for the most part, in the cells of the nucleus dentatus. They emerge from the 
hilum of the nucleus and, having been joined by the efferent fibres from the 
other cerebellar nuclei, they pass upwards, forwards and medially, covered over 
at first by the medial fibres of the inferior and the deep fibres of the middle 
peduncle. As they ascend m the roof of the fourth ventricle the fibres gradually 
incliue forwards, and sink into the tegmental region of the mid-brain under 
cover of the lateral lemniscus. They then sweep medially to decussate with 
the corresponding fibres of the opposite side. After the decussation the fibres 
divide into ascending and descending branches. Most of the ascending branches 
end in the red nucleus, but some are continued upwards into the subthalamic 
region, where most of them end in the arcuate portion of the lateral nucleus of 
the thalamus. Others are said to proceed to the nuclei of the oculomotor and 
trochlear nerves. The descending .branches can be traced downwards through 
the pons into the medulla oblongata and, according to Cajal, they are continued 
into the anterior and lateral white columns of the spinal cord. The red nucleus, 
through the rubrospinal tract, acts as the main distributing centre for efferent 
cerebellar impulses. 

In addition to these efferent fibres the superior cerebellar peduncle contains 
the afferent fibres of the anterior spinocerebellar tract and a group of fibres 
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which take origin in the tectum of the mid-brain and constitute a tectocerebellar 
pathway for the passage of visual impulses to the cerebellum. These two 
afferent tracts utilise the peduncle as a convenient mode of access to the 
cerebellum. 

The fibres of the anterior spinocerebellar tract ascend from the spinal cord 
(pp. 900 and 925), and terminate in the cortex of the superior vermis on both 
sides of the median plane. 

The middle cerebellar peduncles (brachia pontis) (fig. 856) are largely com- 
posed of centripetal fibres, which arise from the cells of the nuclei pontis of 
the opposite side and end in the cortex of the cerebellar hemispheres (neo- 
cerebellum) ; they are said to contain also some efferent fibres to the nuclei 
pontis, and others to the spinal cord. 

The fibres of each middle peduncle are arranged m three fasciculi, superior, inferior, 
and deep. The sujpericyr fasciculus is derived from the upper transverse fibres of the pons ; 
it is directed backwards and laterally superficial to the other two fasoicuH, and is distributed 
mainly to the lobules on the inferior surface of the cerebellar hemisphere, and to the parts 


Pio, 856. — dissection showing the projection fibres of the cerebellum, 
(E. B. Jamieson.) 
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of the superior surface adjoining the posterior and lateral margins. The inferior fasciculus 
is formed by the lowest transverse fibres of the pons ; * it passes under cover of the superior 
fasciculus and is continued downwards and backwards more or less parallel with it, to be 
distributed to the folia on the imder surface close to the vermis. The deep fasciculus 
comprises most of the deep transverse fibres of the pons. It is at first covered by the 
superior and inferior fasciculi, but crossing obliquely it appears on the medial side of 
the superior, from which it receives a bundle ; its fibres spread out and pass to the 
upper anterior cerebellar folia. The fibres of this fasciculus cover those of the inferior 
peduncle. 

The inferior cerebellar peduncle (restiform body) forms a second large tract 
of afferent fibres to the cerebellum. It draws its constituent fibres from a 
variety of sources, and they coifie together on the dorsilateral aspect of the 
upper part of the medulla oblongata. At the anterior cerebellar notch the 
tract bends backwards abruptly and insinuates itself between the superior and 
the middle peduncles. Each inferior peduncle contains the following fasciculi : 
(1) the posterior spinocerebellar tract, which ascends uncrossed from the spinal 
cord, and terminates in the cortex of the vermis on both sides of the median 

* See footnote p. 928. 
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plane * ; (2) the olivocerebellar tract from the olivary nucleus of the opposite 
side, which terminates for the most part in the cortex of the hemispheres ; (3) the 
parolivocerebellar fibres fi:om the accessory olivary nuclei of the opposite side, 
which terminate in the cortex of the palaeocerebellum. (4) The anterior external 
arcuate fibres firom the nucleus gracilis and nucleus cuneatus of the opposite 
side ; (5) the posterior external arcuate fibres fi:om the corresponding nuclei 
of the same side. Both these groups end in the cortex of the cerebellum, but 

Fig. 857. — The connexions of the cerebellum. Diagrammatic. 



The constituent fibres of the inferior cerebellar peduncle those of the noiddle pedundo 
=red\ those of the superior peduncle = Woe*. The gracile, olivary, accessory olivary and 
vestibular nuclei are coloured blue ; the dentate and red nuclei are shaded. 

their precise connexions have not been satisfactorily demonstrated. (6) Vest- 
ibular fibres, derived partly from the vestibular nuclei but largely from the 
vestibular division of the auditory nerve, occupy the medial part of the inferior 
cerebellar peduncle and terminate in the cerebellar cortex, including the 
flocculus ; (7) cerebello-vestibular fibres, which constitute an efferent pathway 
from the roof nuclei to the superior and lateral vestibular nuclei. 

Grey matter.— The grey matter of the cerebellum is found in two situations : 
(1) on the surface, forming the cortex ; (2) as independent masses in the interior. 

(1) The grey matter of the cortex presents a characteristic foliated appear- 
ance, due to the series of laminae which project from the central white matter ; 

* The hbres of the posterior spinocerebellar tract terminate in the vermis, but very few 
can be traced into the lobuli clivi, tuberis et folii. This distribution was demonstrated 
by Salisbury, McNulty and Horsley, and has recently been confirmed by Ingvar. 
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these in their turn give off secondary lamina, which are covered by grey matter. 
Externally the cortex is covered with pia mater ; internally it rests on the white 

™^^^oughout its whole extent the cerebellar cortex shows complete uniformity 
of structure. Local differences, which are so pronounced in the cerebral cortex, 
do not occur in the cerebellum, so that it is impossible to distinguish between 
sections taken from different areas. Not only is this the case in man, but it 
holds good throughout the vertebrate kingdom. 


Fig. 858. — A transverse section through a cerebellar folium. Diagrammatic. 
(After Ramon y Cajal and KSlliker.) 



The cerebellar cortex consists of three layers, viz. an outer, molecular layer, 
an inner, granular layer and an intermediate, ganglionic layer formed by the 
large Purkinje cells. 

The molecular layer comprises a large number of non-medullated nerve-fibres 
and two layers of nerve-cells. The nerve-fibres are derived from several 
sources, (a) The axons of the cells in the granular layer pass into the molecular 
layer where they divide at right angles, the individual branches passing right 
and left in the long axis of the folium. As these branches traverse the folium 
they come into contact association with the dendrites of a large number of 
Purkinje cells, and they are described as forming cruciate axodendritic synaptic 
connexions. \h) Fibres enter the molecular layer from the white matter of the 
cerebellum. They come into intimate relation with the dendrites of Purkinje’s 
cells, breaking up into end filaments which follow the dendrites in their arbor- 
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isations (fig. 869). They are termed ‘ climbing fibres,’ and Cajal regards them 
as the afferent fibres from the vestibidar (in the palseocerebellum) and pontine 
nuclei (in the neocerebellum), (c) The dendrites and the collaterals of the 
axons of the cells of Purkinj e, which will be referred to below, {d) The dendrites 
and fibres of the nerve-cells which lie within the molecular layer. In addition 
to these there are other fibres which have a vertical direction and are the 
processes of large neuroglia cells situated in the granular layer. They pass 
outwards to the periphe^ of the grey matter, where they expand into little 
conical enlargements, which form a sort of limiting membrane beneath the pia 
mater, analogous to the membrana limitans interna of the retina. 

Fig. 859. — Schematic representation of the intracortical connexions of the 
cerebellar projection fibres. 



Blm : cells of Purkinje and their axons. Red i climbing fibres. Orange : * moss ’ fibres. 

The cells of the molecular layer are arranged in superficial and deep strata. 
The deep stratum contains large pyramidal cells, which have been termed the 
' basket ’ cells. Their dendrites and their axons extend in a sagittal direction, 
and the latter are clearly of great importance since they not only end by 
arborising around the body of a Purkinje cell, but they also give ofi collaterals 
which terminate in the same way. One basket cell may, through its axon, 
come into relationship with six or seven Purkinje cells (fig. 858). The superficial 
stratum consists of small pyramidal cells which, like the basket cells, send their 
dendrites and axons in a sagittal direction. Their axons terminate by estabhsh- 
ing synaptic relationships with the dendrites of Purkinje^s cells. 

The ganglionic layer consists of cells of Purkinje, which are peculiar to the 
cerebellum ; they form a single stratum of large, flask-shaped cells at the junctr 
ion of the molecular and granular layers, their bases resting against the latter. 
The cells are flattened in a direction transverse to the long axis of a folium, and 
thus appear broad in sections carried across a folium, and fusiform in sections 
parallel to the long axis of a folium (fig. 859). From the neck of the flask one 
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or more dendrites arise and pass into the molecular layer, where they subdivide 
and form an extremely rich arborescence, the various subdivisions of the den- 
drites being covered by lateral spine-hke processes. This arborescence, like the 
cell, is flattened at right angles to the long axis of a folium ; in other words, it 
resembles the branches of a fruit-tree trained against a trellis or a wall. Hence, 
in sections carried across a folium the arborescence is broad and expanded ; 
whereas in sections parallel to the long axis of a folium, the arborescence, like 
the ceU, is seen in profile, and is limited to a narrow area (fig. 859). 

From the bottom of the flask-shaped cell the axon arises ; this passes 
through the granular layer, and, becoming medullated, is continued as a nerve- 
fibre in the subjacent white matter. As it traverses the granular layer it 
gives off fine collaterals, some of which run into the molecular layer. The axons 
of the cells of Purkinje terminate in the deep nuclei of the cerebellum. 

The granular layer (fig. 859) contains numerous small nerve- cells together 
with many nerve-fibres. The granular cells, which are the most abundant of 


Fig. 860. — A sagittal section through the right cerebellar hemisphere. 
The right olive has also been cut sagittally. 



the elements of the cerebellar cortex, are small and round, with relatively large 
nuclei. Each cell is provided with four or five dendrites, which radiate out from 
it and end close to the cell body in fine terminal tufts. The axons of the granular 
cells have already been described in the molecular layer. 

Many fibres enter the granxdar layer from the white substance of the cere- 
bellum. Some merely pass through it on their way to the molecular layer 
(climbing fibres), but others end in the granular layer by dividing into numerous 
branches, on which peculiar moss-like appendages can be seen. They are 
termed moss fibres, and they end by forming synaptic connexions with the 
dendrites of the granular layer. According to Cajal these fibres are derived 
from the inferior cerebellar peduncle and especially from the spinocerebellar 
and olivocerebellar tracts. 

Apart from the homogeneity of the cortex, the most striking feature of 
the minute anatomy of the cerebellum is the provision which is made for the 
simultaneous discharge of the impulses transmitted by the basket and granular 
cells into a large number of Purkinje cells. As each ' moss ’ fibre discharges 
into several granular cells,* the number of Purkinje cells which can be stimulated 
by one moss ’ fibre is considerably magnified. It will be remembered that 
the Purkinje cells constitute the first neurone on the efferent pathway from the 
cerebellum, and this arrangement therefore provides a mechanism whereby an 
afferent impulse is able to bring about a widely distributed response. 

(2) The independent centres of grey matter are imbedded in the white matter 
of the cerebellum and are four in number on each side : one is of large size^ 
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and is known as the nucleus dentatus ; the other three, much smaller, are 
situated near the middle of the cerebellum, and are known as the nucleus 
emboliformis, nucleus globosus, and nucleus fastigii. These nuclei receive the 
axons of the cells of Purkinje, and they therefore constitute cell stations on the 
efferent pathways from the cerebellar cortex. 

The nucleus dentatus (fig. 860) is situated a httle to the medial side of the 
centre of the stem of the white matter of the hemisphere. It consists of 
an irregularly folded grey lamina, containing a white centre and presenting, 
on its anteromedial aspect, an opening, termed the hilum, from which most 
of the fibres of the superior cerebellar peduncle (brachium conjunctivium) 
emerge (p. 931). 

The nucleus emboliformis lies close to the medial side of the nucleus dentatus, 
and partly covering its hilum. The nucleus globosus, an elongated mass, lies 
on the medial side of the nucleus emboliformis, and is directed anteroposteriorly. 
The nucleus fastigii, somewhat larger than the other two, is situated close to 
the median plane in the anterior part of the superior vermis. All these 
nuclei he in the upper wall of the lateral dorsal recess of the fourth ven- 
tricle (p- 938) and are separated from its cavity by a thin layer of white 
matter. 

It may be noted that, whereas electrical stimulation of the cerebellar cortex 
produces no visible response, electrical stimulation of the dentate nucleus 
causes movements which vary in their site and character with the particular 
part of the nucleus stimulated, the different parts of the body being definitely 
associated with specific areas of the nucleus. 

The Functional SiGNmoANCB or the Ceeebellum 

The cerebellum differs from the portions of the central nervous system 
which have been examined hitherto in showing no sign of segmentation at any 
stage of its development. It is entirely a suprasegmental structure, which 
presumbly took over functions previously carried out in the individual segments 
of the spinal cord. 

Its outstanding feature, and one that differentiates it from aU other parts 
of the central nervous system, is the homogeneity of the structure of its cortex. 
In the cerebral cortex it has been possible to map out a number of areas which 
show differences in structure (p. 988), and it has been demonstrated in many 
instances that differences in structure are associated with differences in function. 
Accordingly there is good ground for supposing that the influence which the 
cerebellum exerts on the motor apparatus can be referred to one function only. 
The experimental and clinical evidence, though sometimes contradictory, tends 
on the whole to show that the cerebellum exerts a controlling and regulating 
influence over muscle tone, the word ‘ tone ’ being used in its broadest sense. 
Luciani summed up the cardinal symptoms of cerebellar disease as ‘ Atonia, 
Asthenia and Astasia,’ but it is certainly probable that the asthenia can be 
ascribed to loss of tone in the actively contracting muscle groups, and not 
unlikely that the astasia may be attributed to loss of tone in the antagonistic 
groups. 

The cells which form the cerebellum in the embryo migrate from the rhombic 
lip and especially from the region of the vestibular nuclei, but this intimate 
relationship with the equihbratory centres does not necessarily mean more 
than that the muscular movements concerned in equilibratory reflexes demand 
corresponding adjustments of muscle tone, which are carried out by the cere- 
bellum. The part which the cerebellum plays in muscular co-ordmation and 
in synergic control is probably also attributable to its control and regulation 
of muscle tone. 

Functional localisation. — Of recent years many attempts have been made 
to demonstrate the association of definite areas of the cerebellum with individual 
parts of the body. The enormous elaboration of the neocerebellum in mammals 
at once suggests its association with the complicated, unilateral movements 
of the individual limbs, while the palaeocerebellum would, on the same grounds, 
be associated with the movements of the head, neck and trunk and the automatic 
associated movements of the Hmbs. To a certain extent this can be said to be 

O.A. 2 G 2 
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borne out both by experimental and by clinical evidence, but only in a very broad 
and general way. In lesions confined to the superior vermis falling forwards 
is a striking symptom, indicating a loss of tonus in the extensor muscles of the 
trunk and head. In lesions confined to the inferior vermis the striking feature 
is falling backwards, indicating a loss of tonus in the flexor muscles. Gordon 
Holmes, however, has found that it is impossible to localise a small cerebellar 
lesion by studying the muscle groups affected, for in every case, and independent 
of the size of the lesion, he has found alterations in more than one part of the 
body. Nevertheless, it would appear that certain regions do exercise a general 
but not exclusive dominance over certain parts of the body. 

A different type of cortical localisation, the importance of which cannot yet 
be appreciated fully, has been worked out by Gordon Holmes and Grainger 
Stewart. They found that definite areas of the olivary nucleus are associated 
with definite areas of the cerebellar cortex of the opposite side. They showed 
that the accessory ohves and the upper and medial portion of the olivary nucleus 
are associated with the vermis, while the much larger, lower part of the ohvary 
nucleus is associated with the hemisphere, not in a general way but in a very 
particular manner, definite portions of the nucleus being associated with 
quite circumscribed areas of the cerebellar cortex. This work has been con- 
firmed by Brouwer in his study of cases of neocerebellar atrophy. The com- 
parative study of the ohvary nucleus is in perfect harmony with these findings, 
for the greater part of it develops pari passu with the development of the ventral 
part of the pons and the cerebellar hemispheres. What this close relationship 
connotes will only be determined when the connexions of the olivary nucleus 
have been more fully studied and elucidated. 

The Foxjrth Venteicle (figs. 861 — 864) 

The fourth ventricle, or cavity of the hind-brain, is a somewhat lozenge- 
shaped space situated in front of the cerebellum, and behind the pons and 
upper half of the medulla oblongata. Developmentally considered, it consists 
of three parts : a superior belonging to the isthmus rhombencephali, an inter- ^ 
mediate, to the metencephalon, and an inferior, to the myelencephalon. It is 
fined with ciliated epithelium, and its inferior angle is continuous with the 
central canal of the medulla oblongata ; its superior angle is continuous with 
the aqueduct of the mid-brain, which opens above into the cavity of the third 
ventricle. From its middle part a narrow, curved pouch, named the lateral 
recess, is prolonged on each side between the inferior cerebellar peduncle and 
the peduncle of the flocculus, and reaches as far as the medial part of the flocc- 
ulus itself. It is crossed anteriorly by the fila of the glossopharyngeal and 
vagus nerves. The lateral extremity of the recess is open, allowing a portion of 
the choroid plexus of the fourth ventricle to protrude into the subarachnoid 
space (fig. 836). In the median plane the cavity extends dorsally into the white 
core of the cerebellum, forming a dorsal median recess (fig. 861) above the nodule, 
and on each side a lateral dorsal recess extends backwards still further (fig. 906), 
lying below the cerebellar nuclei, from which it is separated by a thin layer of 
white matter. 

The fourth ventricle possesses lateral boundaries, a roof or dorsal wall, and 
a fioor or ventral wall (rhomboid fossa). 

Lateral boundaries. — ^The lower part of each lateral boundary is constituted 
by the gracile tubercle (clava), the fasciculus cuneatus, and the inferior cere- 
bellar peduncle (restiform body) ; the upper part, by the superior cerebellar 
peduncle. 

The roof or dorsal wall (fig. 862). — The upper portion of the roof is simple, 
and is formed by the superior cerebellar peduncles (brachia conjunctiva) and 
the superior medullary velum. The lower portion is more complicated ; it is 
formed by : (1) the posterior part of the upper surface of the nodule, which is 
devoid of grey matter, (2) the inferior medullary vela, (3) the ventricular 
ependyma, covered with the tela chorioidea inferior, (4) the tseniss of the 
ventricle, and (5) the obex. 

The superior cerebellar peduncles (p. 931), on emerging from the central 
white matter of the cerebellum, pass upwards and forwards, forming at first 
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the lateral boundaries of the upper part of the ventricle ; on approaching the 
inferior corpora quadrigemina, they converge, and their medial portions overlap 
the ventricle and form part of its roof. 

The superior {anterior) medullary velum (p. 929) fills the angular interval 
between the superior cerebellar peduncles, and is continuous behind with the 
central white matter of the cerebellum ; it is covered on its dorsal surface by 
the lingula of the superior vermis (fig. 863). 

The nodule (p. 927) and the iiiferior medullary vela (p. 929) have already 
been described in detail. 

Below the free margin of the inferior medullary velum on each side, and over 
the anterior part of the nodule in the median plane, the roof of the ventricle is 
devoid of nervous matter except in the immediate vicinity of the lower lateral 
boundaries of the ventricle, where two narrow white bands, termed the toenicB 
of the fourth ventricle, appear ; these bands meet over the inferior angle of the 
ventricle in a thin triangular lamina, named the obex. The non-nervous part 

Fig. 861 . — Sagittal section through the brain-stem and the cerebellum close to 
the median plane. Diagrammatic. The arrow is in the median aperture of 
the fourth ventricle. 



The area enclosed by the dotted lines is shown enlarged as fig. 863. 
Blue : arachnoid mater. Red : pia mater. Yellow r ependyma. 


of the roof is formed by the epithelial lining of the ventricle, which is prolonged 
downwards as a thin membrane, from the ventricular surface of the nodule 
and the inferior medullary vela to the corresponding surface of the obex and 
the lateral limits of the ventricle, and thence on to the floor ; it is covered 
and strengthened by a portion of the pia mater which is named the tela chorioidea 
of the fourth ventricle. A small recess of the ventricle passes downwards for a 
short distance behind the obex (fig. 861), which is thus separated from the 
pia mater ascending from the posterior aspect of the meduUa oblongata. 

The obex is a thin, triangular, grey lamina, which covers the lower angle 
of the ventricle and is attached by its lateral margins to the gracile tubercle. 
It is covered with ependyma on both its anterior and posterior surfaces. The 
tela chorioidea of the fourth ventricle is the name apphed to the fold of pia mater 
which is carried upwards between the cerebellum and the medulla oblongata. 
It consists of two layers, which are continuous with each other above, and are 
more or less adherent throughout. The posterior layer covers the antero- 
inferior surface of the cerebellum, while the anterior is applied to the structures 
which form the lower part of the roof of the ventricle^ and is continuous inferiorly 
with the pia mater on the inferior cerebellar peduncles and the lower part of the 
medulla. 
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The openings in the roof. — In the roof of the fourth ventricle there are 
three openings, a median and two lateral. The median aperture is a large 
opening, situated below the nodule (fig. 862) ; it varies considerably in its extent 
and its irregular upper border is drawn backwards towards the inferior vermis in 
a somewhat funnel-shaped manner (fig. 863). The lateral apertures are placed 
at the ends of the lateral recesses and they are partly occupied by portions of 
the choroid plexus, which protrude into the subarachnoid space (fig. 836). 
Through these openings the ventricular cavity communicates with the sub- 
arachnoid space, and the cerebrospinal fluid can circulate from the one cavity 
to the other. Occasionally one of the lateral recesses may fail to open into the 
subarachnoid space, but the median aperture is constantly present. 

The choroid plexuses. — Two highly vascular fringe-like processes of the tela 
chorioidea contain the choroid plexuses of the fourth ventricle ; they ihvaginate 
the lower part of the roof of the ventricle and are everywhere covered by the 
epithehal lining of the cavity. Each consists of a vertical and a horizontal 


Fig. 862. — The roof and the lateral recesses of the fourth ventricle 
exposed from behind. 
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portion : the former lies close to the median plane, and the latter passes into 
the lateral recess and projects through the lateral aperture still covered by 
ependyma. The vertical parts of the plexuses are distinct from each other, 
but the horizontal portions are joined in the median plane ; and hence the 
entire structure presents the form of the letter T, the vertical limb of which, 
however, is double. Numerous small tufts of the plexus are associated with the 
drawn-back upper wall of the median aperture and project into the sub- 
arachnoid space (fig. 863), like the tufts which protrude from the foramina of the 
lateral recesses. 

The floor of the fourth ventricle (rhomboid fossa) (fig. 864). — ^The anterior 
wall or floor of the fourth ventricle is rhomboidal in shape ; it is formed by the 
posterior surfaces of the pons and medulla oblongata. It is covered by a layer 
of ^ey matter continuous with that surrounding the central canal of the 
medulla oblongata and spinal cord ; superficial to this there is a thin lamina of 
neuroglia covered with a layer of ciliated epithelium, which constitutes the 
epenmynm of the ventricle. The floor consists of three parts, superior, inter- 
mediate and inferior. ^ The superior part is triangular in shape and limited 
laterally by the superior cerebellar peduncles ; its apex, directed upwards, is 
continuous mth the aqueduct of the mid- brain ; its base is represented by an 
imagmary line at the level of the upper ends of two small depressions, named 
the superior foyeae. The intermediate part extends from this level to that of the 
horizontal portions of the taeniae of the ventricle and is prolonged into the lateral 
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recesses. The inferior part is triangular, and its downwardly directed apex is 
continuous with the waU of the central canal of the closed part of the medulla 
oblongata. 

The floor of the fourth ventricle is divided into symmetrical halves by a 
median sulcus, which reaches from its upper to its lower angle and is deeper below 
than above. On each side of this sulcus there is an elevation, termed the medial 
eminence, bounded laterally by a sulcus which represents the sulcus limitans and 
separates the basal from the alar lamina. In the superior part of the floor the 
medial eminence has a width equal to that of the corresponding half of the 
floor, but opposite the superior fovea it forms an elongated swelling, named 
the facial colliculus, which overlies the nucleus of the abducent nerve, and is 
in part produced by the ascending portion of the root of the facial nerve. In the 
inferior part of the fossa the medial eminence assumes the form of a triangular 


Fig. 863. — The relationship of the nodule to the fourth ventricle. 



Blue : arachnoid mater. Bed : pia mater. YeUow : ependyma. 

The arrow is placed in the median aperture of the fourth ventricle. 

area, termed the hypoglossal triangle or trigonum hypoghssi. When examined 
under water with a lens the hypoglossal triangle is seen to consist of a medial 
and a lateral area separated by a series of oblique furrows ; the medial area 
corresponds with the upper part of the nucleus of the hypoglossal nerve, the 
lateral with a small nucleus, termed the nucleus intercalatus. 

The sulcus limitans forms the lateral boundary of the medial eminence. 
Its superior part corresponds with the lateral limit of the floor and presents 
a bluish-grey area, named the locus cceruleus, which owes its colour to a patch 
of deeply pigmented nerve-cells, termed the substantia ferruginea. At the level 
of the colliculus faciahs the sulcus hmitans widens into a flattened depression, 
termed the superior fovea, and in the inferior part of the floor appears as a distinct 
dimple termed the inferior fovea. Lateral to the foveae there is a rounded elev- 
ation named the vestibular area (area acustica), which extends into the lateral 
recess where it forms the auditory tubercle (p. 922). Winding round the Merior 
cerebellar peduncle and crossing the vestibular area and the medial eminence 
are a number of white strands, most of which are derived from the dorsal 
nucleus of the cochlear nerve. They are termed the auditory strice (striae 
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medullares), and disappear into the median sulcus (p. 941). Below the inferior 
fovea, and between the hypoglossal triangle and the lower part of the vestibular 
area a triangular dark field, named the vagal triangle or trigonum vagi, overlies 
the dorsal nucleus of the vagus nerve (p. 913). The lower part of the vagal 
triangle is crossed by a narrow translucent ridge, often named the funicvlus 

Fig. 864. — The floor of the fourth ventricle. 
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separans, and between this funiculus and the gracile tubercle (clava) is a small 
tongue-shaped area, which is often termed the area postremu. On section it is 
seen that the funiculus separans is formed by a strip of\thickened ependyma, 
and the area postrema by loose, highly vascular, neuroglial tissue containing 
nerve-ceUs of moderate size. 


THE MESENCEPHALON OR MID-BRAIN 

The mesencephalon or mid-brain is derived from the second of the three 
primary cerebral vesicles. In the course of its development in man and in 
its phylogenetic history it retains a much simpler form than either the fore- 
brain or the hind-brain. In lower vertebrates the leading feature of the mid- 
brain is the development in its roof-plate or tectum of the higher visual, and, 
later, the higher auditory centres. In the mammalia, however, these centres 
shift forwards to the neopallium, and the importance of the tectum is corre- 
spondingly dimitiished. 

The sulcus Hmitans develops, as in the hind-brain and the spinal cord, 
difierentiating the basal and the alar laminae. Representatives of the somatic 
efferent column are present in the form of the nuclei of the third and fourth 
cranial nerves, and the somatic afferent column is represented by the mesen- 
cephalic nucleus of the trigeminal nerve. In these respects, 'therefore, the 
mid-brain shows indications of a primitive metamerism and resembles the 
medulla oblongata and the tegmental portion of the pons. 

With the development of the neopallium of the cerebrum the mid- brain 
becomes invaded by great tracts of fibres of cortical origin. Some of these 
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form the great new motor-pathway from the cortex, while others are destined 
to be relayed in the nuclei pontis and constitute cerebro-cerebellar connexions 
(p. 921). These fibre tracts group themselves on the ventral aspect of the 
mid-brain on each side of the median plane and cause a characteristic alteration 
in its appearance. 

Position and surface form. — ^The mid-brain passes upwards and forwards 
through the gap in the tentorium cerebelli and connects the pons and cerebellum 
(rhombencephalon) with the subthalamic region (diencephalon) and the cerebral 
hemispheres (telencephalon). It is the shortest segment of the brain-stem, being 
not more than 2 cm. in length. On each side it is related to the hippocampal 
gjTus, which hides its lateral aspect from view when the inferior, or basal, aspect 
of the brain is examined. 

The mid-brain consists of ventral and dorsal portions^ separated from one 
another in its interior by the aqueduct of the mid- brain (cerebral aqueduct), 
which represents the lumen of the primitive neural tube. The ventral portion 
consists of the two cerebral peduncles, which are separated horn each other in 
front by a deep notch but are continuous with each other behind, across the 
median plane. 

The dorsal portion, or tectum, comprises the corpora qmdrigemina, which 
consist of four rounded elevations sjrmmetrically arranged in superior and 
inferior pairs. 

The cerebral peduncles emerge from the upper surface of the pons, one on 
each side of the median plane, and, diverging as they pass upwards and forwards, 
disappear into the substance of the cerebral hemispheres. Curving round each 
peduncle, close to the upper surface of the pons, a thin white band, named the 
tcenia pontis, is frequently seen ; it enters the cerebellum between the middle 
and the superior cerebellar peduncles. The depressed area between the diverging 
cerebral peduncles forms the posterior part of the interpeduncular fossa (p.-971), 
and consists of a layer of greyish substance, termed the posterior perforated 
substance (p. 963). 

The ventral surface of each peduncle is crossed anteriorly, from the medial 
to the lateral side, by the superior cerebellar and posterior cerebral arteries, 
while, close to the point of ^sappearance of the peduncle into the cerebral 
hemisphere, the optic tract winds backwards around it. The medial surface of 
the peduncle is marked by a longitudinal furrow, termed the medial sulcus, from 
which the roots of the oculomotor nerve emerge (fig. 866). In its upper part 
it forms the lateral boundary of the interpeduncular fossa. The lateral surface 
of the peduncle is in relation with the gjnrus hippocampi of the cerebral hemi- 
sphere and is crossed from behind forwards by the trochlear nerve (fig. 838). 
This surface is marked by a longitudinal furrow, termed the lateral sulcus ; 
the fibres of the lateral lemniscus come to the surface in this sulcus, and pass 
backwards and upwards. Some of them disappear under the inferior quadri- 
geminal body ; the remainder enter the inferior brachium. 

Structure of the cerebral peduncles (figs. 865, 866). — On transverse section, 
each peduncle is seen to consist of a dorsal and a ventral part, separated by 
a deeply pigmented lamina of grey matter, termed the substantia nigra. The 
dorsal part is named the tegmentum ; the ventral, the base. The basal parts 
of the peduncles are separated from each other, but the tegmenta are continuous 
with one another across the median raphe. Laterally, the tegmenta are free ; 
dorsally, they blend with the corpora quadrigemina. 

The base is semilunar on transverse section, and consists almost entirely 
of longitudinal bundles of efferent fibres which arise from the cells of the 
cerebral cortex and are grouped into two principal sets, viz, cerebrospinal 
and cerebropontine (fig. 865). The cerebrospinal fibres are derived from the 
cells of the motor area of the cerebral cortex, and occupy the middle three- 
fifths of the base ; they descend through the pons and medulla oblongata, 
where some of them end in the nuclei of the motor cranial nerves of the opposite 
side, but most of them are continued into the pyramids of the medulla oblongata. 
The cerebropontine fibres arise in the cerebral cortex and terminate in the 
nuclei pontis, where they are relayed to the opposite cerebellar hemisphere. 
They are*subdivided into two groups : {a) frontopontine and (6) temporopontine, 
(a) The frontopontine fibres arise in the frontal lobe, traverse the anterior limb 
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of the internal capsule, and occupy the medial one-fifth of the base of the 
cerebral peduncle, (b) The temporopontine fibres arise in the temporal lobe, 
traverse the posterior limb of the internal capsule and occupy the lateral one- 
fifth of the base of the cerebral peduncle ; they originate in the temporal lobe 
and end in the nuclei of the pons.* 

The substantia nigra is a layer of grey matter containing numerous, deeply 
pigmented, multipolar nerve-cells. It is semilunar on transverse section, its 
concavity being directed towards the tegmentum ; from its convex surface, 
processes extend between the fibres of the base of the peduncle. Thicker 
medially than laterally, it reaches from the medial to the lateral sulcus, a-nd 
extends from the upper surface of the pons to the subthalamic region ; its 
medial part is traversed by the fibres of the oculomotor nerve as these stream 


Fig. 865. — A transverse section through the mid-brain at the level of the inferior 
quadrigeminal bodies. (Semidiagrammatic. After Villiger.) 
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forwards to reach the oculomotor sulcus. The fibre connexions and the functions 
of the substantia nigra are still obscure. It has been stated that it receives 
afferent fibres from the inferior frontal gyrus (Monakow), the medial and lateral 
lemnisci, the superior quadrigeminal bodies and the fasciculus retroflexus 
(p. 963), and that it sends efferent fibres into the tegmentum to reach the globus 
pallidus of the lentiform nucleus, the red nucleus and the superior quadrigem- 
inal bodies. It is relatively small in lower mammals, and contains no pigment. 
It has been suggested recently that the substantia nigra constitutes a co-ordin- 
ating centre for proprioceptive impulses. 

* A hand of fibres, named the tractus peduncularis transversus, is sometimes seen emerg- 
ing from the optic tract on the lateral aspect of the cerebral peduncle ; it passes round the 
ventral surface of the peduncle about midway between the pons and the optic tract, and 
disappears by entering the interpedunclear fossa behind and lateral to the corpus mamillare, 
where it terminates in a small nucleus. This band is a constant structure in many mammals, 
but is only present in about thirty per cent, of human brains. Since it undergoes atrophy 
after enucleation of the eyeballs, it may be considered as being associated with the visual 
pathway. 
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The tegmentum of the mid-brain presents appearances which differ accord- 
ing to the level of the section ex ami ned. Below it is directly continuous with 
the tegmentum of the upper part of the pons and contains the same fibre tracts. 

A. In its lower part, i.e. on a level with the inferior quadrigeminal bodies, 
the grey matter is restricted to the immediate environs of the aqueduct of the 
mid-brain and to the scattered collections in the reticular formation (fig. 865). 

The nucleus of the trochlear (fourth cranial) nerve lies in the ventral part of 
the central grey matter, close to the median plane. It occupies a position 
homologous with that occupied by the abducent and hypoglossal nerves at 
lower levels in the brain-stem, and it constitutes the representative of the 
somatic efferent column. Closely related throughout its extent to the medial 
longitudinal bundle, which Hes on its ventral aspect, the nucleus extends through 
the lower half of the mid-brain, and its upper limit lies just below the lower 
limit of the oculomotor nucleus. Its outgoing fibres pass laterally and back- 
wards round the central grey matter. Inclining downwards, they decussate 
with each other immediately below the inferior quadrigeminal bodies and 
emerge fi:om the dorsal aspect of the superior medullary velum (fig. 864). 

The unusual course of the outgoing fibres, their decussation and then 
emergence on the dorsal aspect of the brain-stem, are very difficult to explain. 
The fact that in the embryo the trochlear nucleus is at first separated from the 
oculomotor nucleus by a distinct gap and later migrates headwards into the 
mid-brain until it reaches the caudal end of the oculomotor nucleus, indicates 
that the region of the isthmus rhombencephah is unstable. Frazer has recently 
suggested that the isthmus is partly ‘ telescoped ’ into the mid-brain, and that 
during this process the basal lamina extends laterally over the inner surface 
of the alar lamina, carrying the point of emergence of the trochlear nerve with 
it. The same author suggests, on the analogy of the anterior nerve-roots 
of the spinal nerves, which possess a large homolateral and a small contralateral 
component, that the trochlear nerve possesses a large contralateral and a small 
homolateral component.* 

The mesencephalic nucleus of the trigeminal nerve lies in the lateral part of the 
central grey matter. It is the representative of the somatic afferent column 
and retains its primitive position in the alar lamina. Fibres of the mandibular 
division run upwards on its lateral aspect and terminate within it (p. 1043). They 
are believed to convey proprioceptive fibres from the muscles of mastication .f 

Apart from these two nuclei the central grey matter at this level contains 
large numbers of scattered nerve-cells, the significance of which is unknown. 
Irregular collections of grey matter occur in the reticular formation, especially 
in the region immediately above the pons. 

The white matter at this level of the mid-brain contains all the tracts which 
have already been examined in the tegmentum of the pons, and it is character- 
ised by the great decussation of the fibres of the superior cerebellar peduncles. 

The superior cerebellar peduncle, which has already been described (p. 931), 
enters the dorsilateral part of the tegmentum and passes forwards and medially 
round the central grey matter to reach the median raphe, where it decussates 
with its fellow of the opposite side. Having crossed the median plane, the 


* See footnote on p. 114. 

In all vertebrates the trochlear nerves behave in the same peculiar way. Nevertheless 
it would appear to be certain that in some unknown ancestral form the trochlear nerves, 
like the oculomotor, abducent and hypoglossal nerves, emerged from the ventrilateral aspect 
of the brain-stem. It has been suggested that the trochlear nerve originally supplied the 
muscles of the pineal eye, and this would offer an explanation for the course of the fibres in 
a dorsal direction. The position of the nerve within the raid-brain medial to the mesen- 
cephalic nucleus of the trigeminal nerve may possibly be associated with the history of the 
nucleus, which is generally regarded as a derivative of the neural crest, secondarily included 
in the substance of the brain-stem. If, prior to the inclusion of the nucleus, the trochlear 
nerve passed dorsally across the side of the brain-stem to reach the muscles of the pineal 
eye, it too would necessarily be included in the process. The decussation of the trochlear 
nerves presents a further difiiculty, but it might possibly be ascribed to changes affecting 
the disposition of the muscles of the primitive pineal eye. It must be admitted, however, 
that these explanations are in the highest degree speculative. 

t In connexion with the function of this nucleus see also papers by E. P. Stibbe, Journal 
oj Anatomy^ vol. Ixiv. 1929, and vol. Ixv. 1903, and H. H. Woollard, Journal of Anatomy, 
vol. Ixv. 1931. 
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fibres divide into ascending and descending branches, and the former terminate 
for the most part in the red nucleus, which they encapsulate, but some are 
continued upwards and have been variously described as ending in the nucleus 
subthalamicus, the medial and the lateral nuclei of the thalamus. 

The medial longitudinal fasciculus retains its intimate relationship to the 
somatic efferent column, and therefore lies dorsal to the decussating fibres of 
the superior cerebellar peduncles. ' 

The medial lemniscus forms a curved band lying dorsal to the lateral part 
of the substantia nigra, in which some of its fibres terminate. Laterally the 
tract is closely related to the lateral lemniscus, which is ascending with a back- 
ward inclination to reach the inferior quadrigeminal body. 

The lateral lemniscus is formed in the tegmentum of the pons by the fibres 
issuing from the corpus trapezoideum and by the fibres of the auditory strise. 
These arise, for the most part, in the ventral and dorsal nuclei, respectively, 


Fig. 866. — transverse section through the mid-brain at the level of the superior 
quadrigeminal bodies. (Semidiagrammatic. After Villiger,) 
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of the cochlear nerve, but some are derived from the vestibular nuclei as well. 
As they ascend through the ventrilateral part of the tegmentum the nucleus 
of the lateral lemniscus is interposed in their path (p. 925). They incline 
dorsally as they run up through the tegmentum of the mid-brain and come to 
lie on its lateral surface immediately behiad the lateral sulcus. Passing super- 
ficial to the superior cerebellar peduncle, the fibres of the lateral lemniscus 
approach the inferior quadrigemmal body and divide into medial and lateral 
branches. The former terminate in the inferior quadrigeminal body, but the 
latter are continued into the inferior brachium by which they are conducted to 
the medial geniculate body. 

The fibres of the spinal and trigeminal lemnisci are indistinguishable from 
the fibres of the lateral portion of the medial lemniscus, with which they ascend 
to the thalamus. 

B. In its upper part the tegmentum presents the same general plan, but it is 
strikingly modified by the appearance of a large nucleus, which extends upwards 
into the subthalamic region and is termed the red nucleus. 

The central grey mutter surrounds the aqueduct and contains in its ventri- 
medial portion the nucleus of the oculomotor nerves which represents the somatic 
efferent column. This nucleus is closely related on its ventrilateral aspect to 
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the medial longitudinal bundle, and inferiorl}^ it extends to the upper end of 
the trochlear nucleus (fig. 865). 

The cell-groups are arranged in such a definite manner that it is possible to 
subdivide the nucleus into a number of constituent parts, viz. {a) The dorsilateral 
nucleus ; (6) the ventrimedial nucleus ; (c) the central nucleus ; {d) the Edinger- 
Westphal nucleus ; and (e) the caudal central nucleus (fig. 937). The dorsilateral 
nucleus does not extend so far inferiorly as the ventrimedial, which is in direct 
line with the trochlear nucleus. The central nucleus stretches across the median 
plane and is common to both oculomotor nerves. These three nuclei contain 
typical large pyramidal motor cells, and endeavours have been made to deter- 
mine a localisation of function in them. The available evidence suggests that 
the dorsilateral nucleus is associated with upward movements of the eye, and 
the ventrimedial with downward movements. The close relationship of the 
latter to the trochlear nucleus, which is also concerned with downward move- 
ments, is in keeping with this scheme of localisation. The central nucleus, 
according to Brouwer and other workers, is concerned with movements of 
convergence (see also p. 1040). The Edinger-Westphal nucleus differs from these 
three nuclei in the smaller size of its constituent cells. It is situated more 
dorsally in the central grey matter and extends headwards beyond the other 
nuclei but does not reach so far inferiorly. This nucleus has been regarded for 
many years as the site of origin of those fibres of the third nerve which innervate 
the ciliary muscle and, according to some authorities, the sphincter iridis. 
Although present in most mammals, it is not constant, and according to Latu- 
meten, it gives no direct fibres to the ciliary ganghon. 

The nucleus of Darkschewitsch is a large-celled nucleus which hes dorsilateral 
to the upper end of the oculomotor nucleus in the central grey matter. It 
sends efferent fibres into the medial longitudinal bundle and also into the 
posterior commissure, but its functional significance is unknown. 

The red nucleus is a large, ovoid mass of grey matter which occupies most 
of the medial part of the tegmentum of the upper half of the mid-brain, and 
extends upwards into the subthalamic region. VentraUy it is related to the 
substantia nigra, from which it is only separated by some of its surround- 
ing fibres. Laterally it is related to the medial lemniscus ; dorsally it is 
separated from the central grey matter by the formatio reticularis, here 
very much reduced in area, and the medial longitudinal bundle. On its 
me&al side, its surrounding fibres and the outgoing oculomotor nerve separate 
the nucleus from the median raphe and the ventral and dorsal tegmental 
decussation. 

It is not homogeneous in structure, and the cells of the upper two-thirds, 
which are small in size, bear no resemblance to the large cells which are found 
in its lower third. 

Afferent fibres reach the red nucleus from the superior cerebellar peduncle, 
and the globus palhdus of the lentiform nucleus (striatorubral fibres), and, 
possibly, direct from the cerebral cortex. The origin of the cortical fibres 
has been variously ascribed to the frontal, temporal and parietal lobes. 

The efferent fibres from the red nucleus connect it with (1) the anterior 
column of the grey matter of the spinal cord (rubrospinal tract), (2) the nuclei 
of the reticular formation of the pons and the medulla oblongata (rubro- 
reticular tract) and (3) the thalamus. 

The red nucleus constitutes an important ceU-station on the principal 
efferent pathway from the cerebellum to the spmal cord. At the same time it 
is also interposed on the pathway from the corpus striatum to the spinal cord. 
It is clear from both these connexions that the red nucleus plays an important 
part in the nervous mechanism of movements. It is connected to the anterior 
column of the grey matter of the spinal cord by the rubrospinal tract, but it 
is not at all certain that this is the principal pathway involved, for although the 
rubrospinal tract is a large bundle in many lower mammals, it is relatively small 
in man. It is possible that the rubroreticular tract, which is relatively large in 
man, may transmit impulses from the cerebellum and also, perhaps, from the 
corpus striatum, through a series of relay stations in the reticular formation 
in the hind-brain to the spinal , cord. Rademaker, as the result of a long series 
of experiments, believes that the red nucleus acts as a centre for the distribution 
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of muscle tonus and that an intact red nucleus is an essential part of the arc 
concerned in the lab3n‘inth-righting and body-righting reflexes. 

Although it is clear that the large-celled lower portion of the red nucleus is 
derived from the basal lamina of the mid-brain, it would appear that the small- 
celled upper portion is a derivative of the diencephalon. This part of the 
nucleus becomes developed and elaborated ^ari passu with the expansion of 
the cerebellar hemispheres and the frontal lobes of the cerebrum, with which, 
according to Monakow, the red nucleus is freely connected. 

Ftg. 867. — A scheme to show the connexions of the red nucleus. 



The white matter of the tegmentum at this level shows certain local modific- 
ations, chiefly in the region of the median raphe. 

The rubrospinal tract takes origin at this level from the large cells in the 
lower part of the red nucleus. The fibres at once pass to the median raphe 
and there decussate in its ventral portion with the corresponding fibres of the 
opposite side, forming the decussation of the rubrospinal tracts (ventral tegmental 
decussation). They then pass downwards in front of the decussation of the 
superior cerebellar peduncles and descend in the formatio reticularis of the pons 
and medulla oblongata. Einally they enter the spinal cord, lying on the ventri- 
lateral aspect of the lateral cerebrospinal tract, and terminate by arborising 
round the cells in the anterior column of the grey matter. Despite the fact 
that the rubrospinal tract is a relatively small bundle in man, it is generally 
regarded as the principal pathway connecting the. corpus striatum and the 
cerebellum with the spinal cord. 

The tectospinal and the tectobulhar tracts also take origin at this level. Their 
fibres arise in the grey matter of the superior quadrigeminal bodies and sweep 
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forwards round the central grey matter to decussate with one another in the 
median raphe ventral to the oculomotor nucleus and the medial longitudinal 
bundle. Emerging from the decussation the tectospinal tract descends on the 
ventral aspect of the medial longitudinal bundle as far as the decussation of 
the medial lemniscus in the medulla oblongata. Thereafter it diverges ventri- 
laterally and in the spinal cord it lies in the lateral colunan in front of the 
rubrospinal tract.* The tectobulbar tract, which may be divided into a dorsal, 
crossed tract and a ventral, uncrossed tract, descends through the reticular 
formation of the mid-brain and the pons and terminates by sending its fibres 
into the oculomotor, trochlear, abducent and accessory nuclei. It serves as 
a pathway for reflex movements of the eyes in response 40 visual stimuli. 

The medial longitudinal bundle lies on the ventrilateral aspect of the oculo- 
motor nucleus. At this level its fibres are more spread out than they are at 
lower levels in the brain-stem, but the intimate relationship to the somatic 
efferent nuclei is retained. 

The bimdle extends upwards to the interstitial nucleus — a small collection 
of cells situated in the lateral wall of the third ventricle immediately above the 
upper end of the aqueduct of the mid-brain — ^which contributes fibres to it. 
M has already been seen, the medial longitudinal bundle retains its position 
relative to the central grey matter throughout the whole extent of the mid- 
brain, pons and the upper part of the medulla oblongata. It is displaced for- 
wards by the successive decussations of the medial lemnisci and the pyramidal 
tracts, and becomes continuous with the anterior intersegmental fasciculus of 
the spinal cord. 

The intimate relationship which it bears successively to the nuclei of the 
third, fourth and sixth cranial nerves, to the emerging fibres of the seventh, 
the auditory striae of the eighth and the nucleus of the twelfth nerve renders 
it a very convenient pathway for the passage of fibres from one nucleus to 
another in the brain-stem. The harmonious co-operation obviously existing 
between the facial nerves and the hypoglossal nerves in the movements of the 
lips and tongue in speech is frequently attributed to connexions between their 
ziuclei conveyed by the medial longitudinal bundle, and a similar explanation 
is given for the co-operation of the oculomotor, trochlear and abducent nerves 
ill the movements of the eyes. It is, however, very doubtful whether it is the 
medial longitudinal bundle which provides the pathway for these connexions. 
Edinger, Winkler and others have shown that the most substantial contribu- 
tions to the bundle are made by the vestibular nuclei, and their work strongly 
suggests that its chief function is to ensure the co-ordinate movements of the 
eyes and head in response to stimulation of the eighth nerve. Fibres from the 
vestibular nuclei (superior, lateral and medial), both of the same and of the 
opposite side, join the bundle, where they ascend, descend or divide into 
ascending and descending branches. These vestibular fibres send collaterals to, 
or they may end in, the nuclei of the third, fourth and sixth cranial nerves and 
the spinal nucleus of the eleventh nerve. In addition, fibres join the bundle 
from the dorsal nucleus of the corpus trapezoideum and the nucleus of the 
lateral lemniscus. It is probable, therefore, that the cochlear a*s well as the 
vestibular nerve is capable of influencing the movements of the eyes and head 
through the bundle. The continuity of the bundle with the anterior inter- 
segmental tract offers a pathway to those nuclei of the spinal cord which inner- 
vate the rotator muscles of the head and neck other than the sternomastoid. 

The inferior hrachium forms a rounded strand on the lateral aspect of the 
upper part of the mid-brain. Its fibres are derived from the lateral lemniscus 
and they are ascending to reach the medial geniculate body. In their course 
they separate the dorsilateral fibres of the medial lemniscus from the surface. 

The corpora quadrigemina (fig, 864) are four rounded eminences which 
form the dorsal part of the mesencephalon. They are situated above and in 
front of the superior medullary velum, and below and behind the third ventricle 
and posterior commissure. They lie below the splenium of the corpus callosum, 
and are partly overlapped on each side by the pulvinar of the thalamus. The 
corpora quadrigemina are arranged in pairs (superior and inferior), and are 
separated from one another by a cruciform sulcus. The longitudinal part 
* See footnotes * on pp. 899 and 900. 
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of this sulcus expands superiorly to form a slight depression in which the pineal 
body (p. 961) lies. From the inferior end of the longitudinal sulcus a white 
ridge, termed the frenulum veli, is prolonged downwards to the superior medull- 
ary velum ; at the sides of this ridge the trochlear nerves emerge, and pass 
forwards on the lateral aspects of the cerebral peduncles to reach the base of 
the brain. The superior corpora quadrigemina are larger and darker in colour 
than the inferior, and constitute centres for visual reflexes (p. 968). The 
inferior corpora quadrigemina, though smaller, are somewhat more prominent 
than the superior and are associated with the auditory pathway (p. 951), 

Fig. 868. — A scheme of the connexions of the medial longitudinal bundle. 



From the lateral aspect of each quadrigeminal body a white band, termed 
the hrachium, is prolonged upwards and forwards. The superior hrachium 
extends laterally from the superior quadrigeminal body, and, passing between 
the pulvinar and medial geniculate body, is partly continued into an eminence 
called the lateral geniculate body, and partly into the optic tract. It conducts 
visual fibres from the optic radiation to the superior quadrigeminal body. 
The inferior hrachium passes forwards and upwards from the inferior quadri- 
geminal body ; it conveys fibres from the lateral lemniscus and, possibly, also 
from the inferior quadrigeminal body to the medial geniculate body and, in 
addition, fibres from the inferior quadrigeminal body to the thalamus. 

Structure of the corpora quadrigemina. — The inferior quadrigeminal body 
consists of a compact nucleus of grey matter which contains large and small 
multipolar nerve- cells, and is more or less completely surrounded by fibres 
derived from the lateral lemniscus ; most of these fibres end in the grey nucleus 
of the same side, but some cross to that of the opposite side. These, however. 




The inferior quadrigeminal body reaches its highest development in mam- 
mals, and it is only found in those animals which possess a well-developed 
cochlea. It is to be regarded as a centre for auditory and, possibly, some 
vestibular reflexes (p. 922) rather than as a relay station on the path to the 
cerebral cortex. In this connexion it should be observed that many of the 
fibres of the lateral lemniscus divide into medial and lateral branches which 
are distributed to the inferior quadrigeminal body and the medial geniculate 
body, respectively. 

The superior quadrigeminal body is covered by a thin stratum of white 
fibres, which constitute the stratum zonale. Beneath this the stratum cinereum 
forms a cap-like layer of grey matter, thicker in the centre than at the circum- 
ference, and consisting of numerous small multipolar nerve-cells imbedded in 
a fine network of nerve-fibres. Still deeper is the stratum opticum, containing 
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large multipolar nerve- cells separated by numerous fine nerve-fibres. Finally, 
there is the stratum lemnisci^ consisting of fibres, many of which are derived 
from the medial lemniscus ; others are commissural and derived from the cells 
of the stratum opticum ; many large multipolar nerve- cells are interspersed 
among these fibres. 

Afferent fibres reach the superior quadrigeminal body from at least three 
sources : (1) fibres originating in the retina* and conveyed by the superior 
brachium ; (2) fibres arising in the visual cortex of the occipital lobe and trav- 
elling by the optic radiation to the superior brachium ; (3) fibres arising in the 
spinal cord and ascending in the spinotectal tract. 

Efferent fibres take part in the dorsal tegmental decussation and constitute 
the tectobulbar and the tectospinal tracts (p. 948), which establish connexions 
with the motor nuclei of the cranial nerves, more particularly the third, fourth, 
sixth and eleventh, and the anterior column cells of the spinal cord. Others 
cross the median plane to reach the superior quadrigeminal body of the opposite 
“side, while stfil others have been described as entering the medial longitudinal 
fasciculus. 

In fishes, reptiles and birds the whole of the tectum is given over to the 
superior corpora quadrigemina, which thus constitute the corpora bigemina and 
are frequently termed the optic lobes. In these animals they function as one 
of the highest visual centres and they receive practically all the fibres from the 
retinae. In mammals, however, the evolution of the visual cortex has resulted 
in a diminution of the importance of these centres, and most of the fibres of the 
optic tracts avoid them and are relayed in the lateral geniculate bodies on their 
way to the higher centres. The superior quadrigeminal body continues to 
receive some fibres from the optic tract,* and it is believed that they are an 
essential part of the arc of the light refiex. In addition the superior quadri- 
geminal body receives afferent fibres from the visual cortex, which are relayed 
through the tectobulbar and tectospinal tracts, so as to provide a pathway for. 
reflex movements of the musculature of the eyes, head and neck which may be 
necessitated by visual impressions. 

The aqueduct of the mid-brain (cerebral aqueduct) is a narrow canal, about 
15 mm. long, situated between the corpora quadrigemina and tegmentum, and 
connecting the third with the fourth ventricle. Its form, as seen in transverse 
sections, varies at different levels, being T-shaped below, triangular above, 
and oval in the middle ; its central part is slightly dilated, and was named 
by Retzius the ventricle of the mid-brain. It is lined with ciliated columnar 
epithelium, and is surrounded by a layer of grey matter named the central 
grey stratum ; this is continuous below with the grey matter in the floor of the 
fourth ventricle, and above with that of the third ventricle. Dorsally the 
aqueduct is partly separated from the grey matter of the quadrigeminal bodies 
by the fibres of the lemnisci ; ventral to it are the medial longitudinal bundle, 
and the formatio reticularis of the tegmentum. Scattered throughout the 
central grey stratum are numerous nerve-cells of various sizes, interlaced by 
a network of fine fibres. Besides these scattered cells it contains three groups, 
which constitute the nucleus of the mesencephalic root of the trigeminal nerve 
and the nuclei of the oculomotor and trochlear nerves (pp. 945 and 946). 


THE FORE-BRAIN OR PROSENCEPHALON 

The fore-brain or prosencephalon consists of: (1) the dzewcepMon, corre- 
sponding in a large measure to the third ventricle and the structures which 
bound it ; and (2) the telencephalon, comprising the largest part of the brain, 
viz. the cerebral hemispheres ; these hemispheres are connected with each 
other across the median plane, and each contains an extensive cavity, named 
the lateral ventricle. The lateral ventricles communicate with each other and 
with the third ventricle through the interventricular foramen, and are separated 

* Some authorities deny that any fibres originating in the retina terminate in the superior 
colliculi. 
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from each other over a wide area only by a median septum, termed the septum 
lucidum ; this contains a slit-like cavity, which does not communicate with 
the ventricles. 


The Diencephalon 

The diencephalon is derived from the caudal end of the fore-brain. In the 
human embryo and in all vertebrates it is situated in front of (headwards of) 
the anterior (or upper) end of the notochord, and it may therefore be regarded 
as an extension of the brain beyond the limits of the primitive segments of the 
body. It may be expected that the imprints of metamerism and branchio- 
merism, which have been observed in the brain-stem and spinal cord, will no 
longer be foiind in the diencephalon. 

The recent work of Kingsbury and J. B. Johnston suggests that the sulcus 
limitans does not extend into the region of the fore-brain, which is derived in 
its entirety from the alar laminae. 

The lateral walls of this portion of the embryonic neural tube undergo 
enormous thickening and form two large nuclear masses, which are termed 
the thalami. They are the largest and most important of all the derivatives 
of the diencephalon. In primitive vertebrates they constitute the highest 
centres for the correlation of all sensory impressions but, with the evolution 
of the neopallium, they become relegated to a position of less importance, 
acting as relay stations on the sensory pathway to the cortex. Although they 
are no longer the domi n ant factor in determining behaviour they do retain a 
large measure of their earlier importance, for it would appear that sensory 
impressions can reach consciousness in the thalami themselves, when their 
cortical connexions have been severed. 

Caudal to the thalamus two elevations appear on the lateral aspect of the 
diencephalon, and they can at first be recognised on the inner wall as two 
hollowed out areas. They form the medial and lateral geniculate bodies, 
which together constitute the melMlmlamus, As the thalamus enlarges it 
extends tailwards and, growing backwards so as to overhang the mid-brain, 
intervenes between the geniculate bodies and the cavity of the diencephalon. 
The medial geniculate body has already been seen in the groove between the 
lateral aspect of the mid-brain and the overhanging posterior end of the thal- 
amus, while the lateral geniculate body comes to lie in close contact with the 
inferior aspect of the posterolateral part of the thalamus and appears to be 
incorporated in it. 

The roof-plate of the fore-brain retains its epithelial character throughout 
the greater part of its extent and forms, in the adult, the ependymal roof of the 
third ventricle. At its posterior (or caudal) end the roof and the adjoining 
portions of the lateral walls give rise to a number of structures which together 
constitute the epithalamus, A collection of cells in this part of the lateral wall 
forms the habenular nucleus (habenular ganglion), which sends its fibres across 
the median plane through the roof-plate, to constitute the habenular commissure. 
More caudaUy a second commissural bundle invades the roof, and is termed the 
posterior commissure. In the interval between these two commissures a hollow 
diverticulum grows backwards in the median plane. This is termed the epi- 
physis. In many reptiles it gives off a second process from the anterior wall 
of its base, which constitutes the pineal or parietal eye (p. 962). This organ 
has been identified in the human embryo, but it does not persist ; the epiphysis, 
■on the other hand, which forms a hollow glandular structure in reptiles, secreting 
directly into the third ventricle, becomes converted into a solid organ, termed 
the pineal body. 

We have seen how the thalamus, the metathalamus, the epithalamus and 
a large part of the roof of the third ventricle are derived from the dienoephalon. 
The parts which have stiU to be considered are derived from the ventral portions 
■of the lateral walls and from the fioor. They contribute to the formation of the 
hypothalamus, forming the subthalamic region, the corpora mamillaria, the 
tuber cinereum, and the infundibulum. The remainder of the hypothalamus 
is derived from the telencephalon and includes the optic chiasma and the lamina 
terminalis. 
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The subthalamic region is the upward continuation of the tegmentum. It 
lies immediately below the thalamus in the human brain and contains certain 
masses of grey matter derived from the alar laminae. The mamillary bodies 
form as a median thickening in the floor of the diencephalon, which is sub- 
sequently divided into two by a median groove. They form an important 
cell-station on the efferent pathway from the rhinencephalon (p. 987). The 
area in front of them constitutes the tuber cinereum. This area is very highly 
developed in those fishes in which the olfactory is dominated by the gustatory 
sense, but it undergoes marked reduction in air-breathing vertebrates. 


Fig. 870. — The ventricles of the brain. Exposed from above and behind. 
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The splenium and most of the trunk of the corpus callosum have been removed ; and the body of 
the fornix and most of the tela chorioldea have been excised, together with portions of the occipital 
lobes and the cerebellum. A bristle has been passed from the third ventricle through the aqueduct 
of the mid-brain into the fourth ventricle. 


The infundibular process arises as a hollow outgrowth from the floor of the 
diencephalon, which subsequently loses its cavity and becomes converted into 
a solid mass of cells to form the posterior lobe of the hypophysis cerebri. The 
stalk which connects the hypophysis to the floor of the third ventricle forms 
the infundibulum, and it retains its hollow character in the adult. It will be 
remembered that the anterior lobe of the hypophysis develops as a 
hollow diverticulum from the roof of the primitive mouth (p. 166), and it 
is probable that in some ancestral vertebrates there was a bucconeural duct, 
such as occurs in larval ammocetes. Such a duct provided for the passage 
of water from the mouth to the neural tube and afforded the possibility of a 
water- vascular circulation for the central nervous system. In all reptiles and 
amphibia the infundibular process remains hoUow, but in nearly all mammals 
it becomes a solid body and forms, as in man, the posterior lobe of the hypo- 
physis cerebri. 

The optic chiasma is developed in association with the optic nerves. Before 
the fore-brain is differentiated into the telencephalon and the diencephalon, 
two diverticula grow out from its inferolateral aspects to form the optic vesicles. 
The connexion of the vesicle with the fore-brain lengthens into an optic stalk, 
which retains its original hollow character for some time. Nerve fibres from 
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the retina grow in along the walls of the stalk, and as a result its cavity becomes 
obliterated and is replaced by a solid optic nerve. The optic recess of the third 
ventricle is all that remains of the cavity of the stallv. In all vertebrates the 
fibres of the optic nerves decussate, either completely or partially, in the floor 
of the fore-brain, and constitute the optic chiasma (p. 967). 

The lamina terjninalis is the cephaHc end of the neural tube and, in view of 
the development of the roof and floor of this part of the telencephalon, it 
forms the one area where large and important commissural connexions between 
the cerebral hemispheres are able to develop. 

Parts derived from the diencephalon. — The diencephalon comprises the thala- 
mus, metathalamus and epithalamus (which together constitute the tMlarnence- 
phalon), and most of the hypothalamus, but these structures include so many of 
the boundaries of the third ventricle of the brain that it will be convenient to 
describe the anterior part of the hypothalamus and the third ventricle as a 
whole in this section, together with the true derivatives of the diencephalon. 

The thalami (figs. 871, 872) are two large ovoid masses, situated one on each 
side of the third ventricle and reaching for some distance behind that cavity. 
Each thalamus is about 4 cm. .long, and has two ends and four surfaces. 

The anterior end is narrow ; it lies close to the median plane and forms the 
posterior boundary of the interventricular foramen. 

The expanded posterior end, which is termed the pidvinar, is directed back- 
wards and laterally and overhangs the superior quadrigeminal body and the 
superior brachium. The lateral geniculate body (p. 960) forms a small, oval 
elevation on the inferior aspect of its lateral part. Inferiorly the pulvinar is 
separated from the medial geniculate body (p. 959) by the superior brachium. 

The superior surface is free, slightly convex, and covered by a layer of 
white matter, termed the stratum zonale. It is separated laterally from the 
ventricular surface of the caudate nucleus by a white band, termed the stria semi- 
circularis (stria terminalis), and by the thalamostriate vein (vena terminalis) 
(p. 814). It is divided into a medial and a lateral portion by an oblique shallow 
furrow, which runs from behind forwards and medially from the lateral part 
of the posterior end to the anterior part of the medial border ; this furrow 
corresponds with the lateral margin of the fornix. The lateral part forms a 
portion of the floor of the lateral ventricle. It is covered with the epithelium 
of that cavity, and is partly hidden by the vascular fringe of the choroid plexus 
of the lateral ventricle (flg. 872). The medial part of this surface is covered 
with the tela chorioidea of the third ventricle, by which it is separated from 
the body of the fornix. Between the lateral edge of the fornix and the upper 
surface of the thalamus the lateral margin of the tela chorioidea with its con- 
tained plexus is invaginated into the ventricle through the choroidal fissure. 
In front, the superior surface is separated from the medial surface by a narrow, 
raised ridge from which the epithelial lining of the third ventricle is reflected 
to the under surface of the tela chorioidea. This ridge covers a small bundle of 
white fibres, named the stria habenularis (p. 961). Posteriorly it turns medially 
to form the anterior boundary of the trigonum habenulce (fig. 871), from which 
the upper surface of the thalamus is separated by the sulcus habenulce. 

The inferior surface rests upon and is continuous with the upward pro- 
longation of the tegmentum {subthalamic tegmental region). 

The medial surface constitutes the upper part of the lateral wall of the third 
ventricle ; it is covered with a thm layer of grey matter, and is connected to the 
corresponding surface of the opposite thalamus by a flattened grey band, named 
the connexus interthalamicus (massa intermedia). This band lies close behind 
the interventricular foramen, and averages about 1 cm. in its anteroposterior 
diameter : it sometimes consists of two or even three parts, and occasionally 
is absent. It contains nerve- cells and nerve-fibres ; a few of the latter niay 
cross the median plane, but most of them pass towards the median plane and 
then curve laterally on the same side. 

On its lateral surface there is a thick band of white substance consisting of 
itinerant fibres (projection fibres) which form the posterior limb of the internal 
capsule and separate the thalamus from the lentiform nucleus of the corpus 
striatum (fig. 872). 

Structure. — The thalamus consists chiefly of grey matter, but its upper 
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surface is covered by a layer of white matter, named the stratum zonale, and 
its lateral surface by a similar layer, termed the external medullary lamina. 
Its grey matter is incompletely subdivided into three parts — ^anterior, medial, 
and lateral — ^by a vertical white layer, the internal medullary lamina (fig. 873). 

The anterior nucleus comprises the anterior tubercle, and its tapered posterior 
end intervenes between the medial and lateral nuclei. The medial nucleus lies 
between the internal medullary lamina on the lateral side and the third ventricle 
on its medial side. These two nuclei are phylogenetically the oldest portion 
of the thalamus and together comprise the 'palceothalamus. They have, how- 
ever, become modified in structure and progressively differentiated in the 
process of evolution, and it must not be assumed that their functions have 


Fig. 871. — The thalami exposed from above by removal of the trunk and spleninm 
of the corpus callosum, the body of the fornix, and the tela chorioidea. 
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The trunk and splenium of the corpus callosum, most of the septum lucidum, the body of the 
fomix, the tela chorioidea with its contained plexuses and the epithelial roof of the third ventricle 
have all been removed. 


remained entirely primitive. The lateral nucleus lies between the internal 
and the external medullary laminss. It is the largest of the three nuclei, 
forming the greater part of the thalamus and constituting the neothalamus. 
It includes the pulvinar and is traversed by numerous fibres which pass through 
the internal capsule to reach the cerebral cortex. 

Connexions * (fig. 874). — In man the thalamus is a large cell-station inter- 
posed on the sensory path to the cortex and short-circuiting a number of 
different impulses to the corpus striatum. It receives afferents from : (1) the 
medial le mn iscus (proprioceptive and discriminative or gnostic sensibility) ; 
(2) the spinal le mni scus (pain and temperature) ; (3) the trigeminal lemniscus 
(all varieties of sensibility from the trigeminal area) ; (4) the mamiUo-thalamic 
tract ; (5) the hypothalamus (visceral sensibility) ; (6) the superior cerebellar 
peduncle of the opposite side ; (7) the rubro-thalamio tract of the same side ; 
and (8) all parts of the cerebral cortex. 

* The description in the text differs in many particulars from that given in previous 
editions and IS based on the work of W. E. le Gros Clark, Journal of Anatomy, vols. Ixvii., 
Ixx. and Ixxi., and Brain, vol. Iv. etc. 
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Its efferents proceed through the internal capsule to reach : (1) all parts of 
the cerebral cortex, but especially the postcentral gyrus and the parietal and 
frontal association areas ; (2) the caudate nucleus ; and (3) the putamen of 
the lentifonn nucleus. 

Afferent stimuli reach the anterior nucleus through the mamillo-thalamic tract, and it 
therefore receives olfactory stimuli which have already been passed through the rhinen- 
cephaloQ. Its efferent fibres pass to the gyrus cinguli, to the medial nucleus of the thalamus 
and to the caudate nucleus. 

The medial nucleus receives afferent fibres from the anterior nucleus and from certain 
of the nuclei of the hypothalmus. Its efferents pass to the frontal area of the cortex 


Fig. 872. — A coronal section through the brain at the anterior part of the pons. 

Posterior aspect. 



(p. 992), and probably also to the caudate nucleus and the putamen of the lentifonn 
nucleus. 

The lateral nucleus of the thalamus reaches its greatest development in the anthropoid 
apes and man. It can be subdivided into a ventral portion, a lateral portion proper, an 
arcuate portion, and the pulvinar. The ventral portion receives the great majority, if not 
all, of the fibres which ascend in the medial lemniscus (proprioceptive and discriminative 
or gnostic sensibility), and in the spinal and trigeminal lenmisci (pain and temperature). 
Its efferent fibres traverse the posterior limb of the internal capsule and terminate in the 
cortex of the post-central gyrus (p. 993), where these somesthetic impressions can be 
localised, analysed, and dealt with in the light of past experience. The cormexions of the 
lateral portion are stiU obscure, but it is probably linked up with the medial nucleus, and 
the ventralportion and the pulvinar. Its efferent fibres, for the most part, proceed through 
the posterior limb of the internal capsule to reach the postcentral area (p. 993). Those which 
pass below the lentiform nucleus intervene between it and the anterior perforated sub- 
stance, and constitute the ansa pedumularis. The arcuate portion lies between the 
ventral portion and the medial nucleus. In the macaque monkey it apparently receives 
afferent fibres from the tongue, mouth and lips regions through the trigeminal lemniscus, 
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and it projects on to the granular cortex which lies immediately below the lower limit of 
the motor cortex in that animal (Le Gros Clark, Phil. Trans., B., 1937). 

The pulvinar occupies the posteromedial portion of the lateral nucleus, and it was 
formerly believed to act as a cell-station on the visual pathway to the occipital cortex. 
It is now known that, after extirpation of the eyes, relatively few degenerated fibres can 
be traced into the pulvinar. Further, its efferent fibres proceed, for the most part, to the 
cortex of the lips of the lateral sulcus, over an a,rea which extends from the audito-sensory 
cortical area (p. 995) to the middle part of the inferior parietal lobule. Its projection on 
to the last-named region is believed to be essential for that component of stereognosis 
which requires the association of visual with tactile memories, but it is clear that if, as 
seems certain, the pulvinar functions in this way it must receive afferent fibres either from 
the visual cortex or from the lateral geniculate body or from both. A few fibres from the 

Fig. 873. — A coronal section through the right cerebral hemisphere. Anterior aspect. 
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The internal medullary lamina of the thalamus was very conspicuous in this specimen. 


immediate vicinity of the geniculate bodies pass to the peri- and parastriate areas of the 
occipital cortex. 

Functional significance of the thalamus.* — The thalamus is the most 
important of the subcortical correlation centres. Into it stream impulses from 
the olfactory apparatus, the visual apparatus, the somatic receptors of all 
kinds and the splanchnic receptors. In the thalamus these impulses are 
correlated with one another before they are transmitted to the cerebral cortex, 
but the correlation which occurs in the thalamus is something more than the 
simple interaction of nervous impulses, for there is good ground for supposing 
that the activities of the thalamus enter into and are appreciated by conscious- 
ness. It is certain that the higher forms of sensibility such as discriminative 
sensibility require the co-operation of the cerebral cortex, but cruder forms 
of sensibility, especially pain, are consciously experienced when the connexions 
existing between the thalamus and the cortex have been destroyed. 

* For a full analysis of current views on the connexions and functions of the thalamus see 
“ Functional Localisation in the Thalamus and Hypothalamus,” W. E. le Gros Clark, 
Jourrial of Mental Science, MjSiXolci, 
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As alread}’ stated (p. 957), the medial nucleus of the thalamus receives 
afferents from the hypothalamus, which contains higher centres associated 
\nth the viscera. The cortical connexions of this nucleus bring visceral activi- 
ties under the influence of the cortex and so provide a mechanism whereby 
the cortex is enabled to control or inhibit emotional and instinctive reactions 
which would otherwise result from visceral stimuli. 


Fig. 874. — Scheme to show the principal connexions of the thalamus. 
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Fishes and, to a lesser extent, amphibia are dependent on the palasothalamus 
for the appreciation of harmful or beneficial stimuli. Co-ordinated responses 
arise in the thalamus and subthalamic region and result in the avoidance or 
the quest of such stimuli, as the case may be. In man such stimuli receive 
recognition in the thalamus, but the association areas of the cerebral cortex 
are necessary for their analysis and localisation. 

. The metathalamus (fig. 875) comprises the gem*oulate bodies, which are two 
in number — a medial and a lateral — on each side. 

The medial geniculate body lies under cover of the pulvinar of the thalamus, 
and lateral to the corpora quadrigemina. Oval in shape; with its long axis 
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directed forwards and laterally, it is lighter in colour and smaller in size than 
the lateral geniculate body. Through the inferior brachium it receives auditory 
fibres from the inferior corpus quadrigeminum and from the lateral lemniscus. 
Its cells send a relay of similar fibres to the cortex of the temporal lobe. The 
medial geniculate body is connected with its fellow and with the inferior 
corpus quadrigeminum of the opposite side by commissural fibres, which pass 
through the posterior part of the optic chiasma and run in the medial roots of 
the optic tracts. 

The lateral geniculate body is an oval elevation on the lower surface of the 
lateral part of the posterior end of the thalamus, and is connected with the 
superior corpus quadrigeminum by the superior brachium. It receives most 


Fig. 875. — The hind-brain and the mid-brain. Posterolateral aspect. 
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of the fibres of the optic tract, the remainder passing through the superior 
brachium to the superior corpus quadrigeminum, and very few, if any, term- 
inating in the pulvinar. Its cells are large and pigmented, and are arranged 
in six laminae, alternate laminae being associated with the right and left eyes 
respectively.* Their axons pass through the optic (thalamo-occipital) radiation 
to the visual area in the occipital cortex. 

The superior corpus quadrigeminum, the pulvinar and the lateral geniculate 
body are termed the lower visual centres, but it must clearly be understood that 
the great majority^ if not all, of the fibres which are destined for the visual 
cortex are relayed in the lateral geniculate body. Brouwer and Zeeman excised 
portions of the retina in rabbits, cats and monkeys and were unable to trace 
any degenerated fibres of the optic tract into the pulvinar. Further, they were 
able to localise the retinal fibres in definite areas of the lateral geniculate body. 
Fibres from the upper half of the retina are connected to its medial portion, 
those from the lower half of the retina to its lateral portion. Macular fibres 
occupy the central zone, and the area allotted to them is a large one (fig. 883). 
Those fibres from the nasal side of the retina which are concerned with mono- 
cular vision only are found in the ventral part of the lateral geniculate body, 
and occupy a narrow strip-like area (fig. 883). 

The epithalamus comprises the trigonum habenulae, the pineal body, and 
the posterior commissure. 

* W. E. le Gros Clark and G. G. Penman, Proc. Roy. Soc., B, 1934, cxiv. 



THE EPITHALAMUS 


961 


The trigonum habenulcB is a small, depressed, triangular area, situated in 
front of the superior quadrigeminal body and medial to the posterior part of 
the thalamus, from which it is separated by the sulcus habenulae (fig. 871). 
It contains a group of nerve-ceUs named the habenular nucleus (habenular 
ganglion). Afferent fibres are conveyed to the ganglion by the stria habenularis 
(stria medullaris thalami), which is formed at the anterior end of the thalamus 
by fibres which ascend from the anterior perforated substance and by fibres 
from the anterior column of the fornix. The stria then passes backwards on the 
medial surface of the thalamus (p. 955) and forms the medial boundary of the 
trigonum habenulae. Some of the fibres cross in the peduncle of the pineal body 
and reach the habenular nucleus of the opposite side. They constitute the 


Fig. 876. — A dissection of the brain from below, showing the metathalamiis 
and the optic tracts. 
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On the right side of the figure the inferior horn of the ventricle is exposed. The fioor has been 
removed but the choroid plexus is in situ and obscures most of the roof, 

habermlar commissure. Efferent fibres leave the ganglion and pass ventrally 
forming th.e fasciculus retroflexus. They descend medial to the red nucleus and 
end in the interpeduncular nucleus (interpeduncular ganglion) (p. 963), and 
some are described as reaching the substantia nigra of the mid-brain. The 
habenular nucleus and its afferent and efferent paths constitute a portion of the 
rhinencephalon. 

The pineal body (figs. 871, 877) is a small, conical, reddish-^ey body which 
lies in the depression between the superior quadrigeminal bodies. It is placed 
below the splenium of the corpus callosum, but is separated from it by the tela 
chorioidea of the third ventricle and the contained cerebral veins. It is envel- 
oped by the lower layer of the tela, which is then reflected over the tectum 
(quadrigeminal lamina) (fig. 884). The pineal body measures about 8 mm. in 
length, and its base, directed forwards, is attached by a stalk or peduncle of 
white substance. The stalk divides anteriorly into two laminae, a dorsal and a 
ventral, which are separated ’from each other by the pineal recess of the third 
ventricle. The ventral lamina is continuous with the posterior commissure 
and the dorsal lamma with the habenular commissure. 
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Structure (fig. 877). — The bulk of the parenchyma of the pineal gland consists of rounded 
cells, the so-caSed pineal cells, with irregular nuclei poor in chromatin. At birth a few 
neuroglia-cells and nerve- cells are present ; tibie latter have scanty protoplasm and angular 
nuclei rich in chromatin. Connective tissue cells and fibrils appear during the fibrst year, 
and gradually increase in quantity ; the rate at which fibrosis takes place is very variable. 
Calcareous concretions are constantly present in the pineal body after the seventeenth 
year ; spaces or cysts may also be present.* 

The human pineal body is developed from the epiphysis, which grows out from the 
caudal end of the roof-plate of the diencephalon. In Cyclostome fishes the epiphysis gives 
rise to two diverticula, a parietal or parapineal and a pineal organ. Both these derivatives 
grow towards the dorsal surface of the head, and they become connected to the habenular 
region by a solid stalk containing nerve-fibres. Their vesicular extremities show a distinct 
resemblance to the optic vesicle. In Sphenodon, one of the most primitive reptiles, the 
parietal organ reaches the dorsal surface of the head and constitutes the parietal eye. 


Fig. 877. — section through the pineal body of a child aged 13 months. Stained 
with hssmatoxylin and eosin. x 400. 



Blood-vessels 


possessing a weU differentiated cornea, lens and retina. The pineal organ, on the other 
hand, remains as a hollow, glandular structure which pours its secretion into the third 
ventricle. In mammals the parietal organ disappears at an early stage of embryonic life, 
and the pineal body is homologous with the pineal organ. 

The posterior commissure is a small band of fibres crossing the median 
plane on the dorsal surface of the upper end of the aqueduct of the mid- brain, 
covered by the ventral lamina of the peduncle of the pineal body. Its fibres 
acquire their meduUary sheaths early, but their connexions have not been 
definitely determined. Most of them have their origin in the nucleus of Dark- 
schewitsch (p. 947), which lies in the ventral grey matter of the upper end of the 
aqueduct of the mid-brain, ventrimedial to the upper end of the oculomotor 
nucleus ; some are probably derived from the posterior part of the thalamus 
and from the superior quadrigeminal body ; others are beheved to be continued 
downwards into the medial longitudinal bundle. 

The hypothalamus (fig. 881) includes : (1) the subthalamic tegmental region ; 
(2) the structures forming the fioor of the third ventricle, viz. the posterior 
perforated substance, the corpora mamillaria, tuber cinereum, infundibulum, 
hypophysis cerebri and optic chiasma ; and (3) the anterior part of the lateral 
wall of the third ventricle, below and in front of the thalamus. 

* Consult an abstract of an article by K. H. Krabbe in the Beview of Neurology and 
Psychiatry, Edinburgh, 1915, xiii. 300. 
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(1) The subthalamic tegmental region consists of the forward continuation of 
the tegmentum beneath the posterior part of the thalamus. The red nucleus and 
the substantia nigra can be followed into its posterior part, where they gradually 
diminish, and disappear behind the corpus mamillare. The fibres of the medial 
lemniscus, on their way to enter the ventral surface of the thalamus, lie first 
lateral and then dorsal to the red nucleus. Some of the ascending branches of 
the fibres of the superior cerebellar peduncle pass directly into the thalamus, 
but the majority end in the red nucleus. A small, brownish-coloured nucleus, 
named the subthalamic nucleus, appears on the dorsal surface of the base of the 
cerebral peduncle. Shaped like a biconvex lens when seen in coronal sections 
of the brain, the nucleus lies dorsilateral to the upper end of the substantia 
nigra and extends backwards as far as the lateral aspect of the red nucleus. 
Dorsally (or above) it is related to the lateral nucleus of the thalamus, from 
which it is separated by a narrow area, termed the zona incerta (fig. 872). The 
fibre connexions of the subthalamic nucleus are still obscure, but it is known 
to receive a substantial bundle of fibres from the ansa lenticularis, which arise 
from the globus pallidus of the lentiform nucleus and enter its dorsal aspect, 
after intersecting the fibres of the internal capsule. In addition it receives 
afferents from some of the nuclei of the h5rpothalamus and probably represents 
the principal motor co-ordinating centre of that region. Clinical evidence 
indicates that destruction of the subthalamic nucleus is associated with uncon- 
trollable movements, choreic in type, and exceedingly violent in character. 

(2) The structures forming the floor of the third ventricle . — ^The posterior 
perforated substance is a small area of greyish substance which lies on the basal 
surface of the brain in the interval between the diverging cerebral peduncles. 
It is pierced by a number of small apertures which transmit the posteromedial 
central branches of the posterior cerebral arteries. In its posterior part it 
contains a small nucleus, named the interpeduncular nucleus (interpeduncular 
ganglion), in which the fasciculus retroflexus ends (p. 961). Superiorly the 
posterior perforated substance forms a small part of the fioor of the third 
ventricle. 

The corpora mamillaria (fig. 836) are two roimd white masses, each about the 
size of a small pea, placed side by side below the grey matter of the floor of 
the third ventricle in front of 
the posterior perforated sub- 
stance. Each consists of white 
matter externally and of grey 
matter internally, the cells of 
the latter forming two nuclei, 
a medial of small and a lateral 
of large cells. The white matter 
is mainly formed by the fibres 
of the anterior columns of the 
fornix, which descend to the 
base of the brain and end partly 
in the corpora mamiUaria. 

From the cells of the medial 
nucleus a bundle of fibres arises 
and divides into a mamillo- 
thalamic tract, which passes up- 
wards into the anterior nucleus 
of the thalamus, and a mamillo- 
tegmental tract, which is directed 

downw^ards into the tegmentum, v. ja,«TOJiiVFj. vi«^jLJxui.in9Uj.c. f,.i . .aiju.uo. 

YYiQTT Anterior cerebral artery. 9. Basilar artery. 10. Posterior 
Ine nbres OI tne latter may cerebral artery, ll. corpus mamillare. 12. Cerebral peduncle. 

arise as collaterals of the fibres Pons. 

of the mamillothalamic tract or 

they may arise independently. Afferent fibres run forwards to the lateral 
nucleus from the tegmentum and constitute the peduncle of the mamillary 
body. 

The corpora mamillaria form important cell-stations in the rhinencephalon. 
Olfactory impressions travelling from the hippocampus (p. 986) via the fornix 


Fig. 878. — sagittal section through the hypo- 
physis cerebri, in situ. Schematic. (Testut.) 
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are relayed to the thalamus by the mamillothalamic tract, and can there be 
correlated with somesthetic and, probably, other visceral impressions. Thence 
the connexions of the thalamus with the corpus striatum ofiPer a channel for 
the resulting co-ordinated motor response. The mamillotegmental tract 
affords a shorter pathway to the brain-stem for effector responses, and Kappers 
suggests that the snuffling of herbivorous animals when feeding is brought about 
by this pathway. 

The tuber cinereum is a hollow eminence of grey matter which is situated 
between the corpora mamillaria behind and the optic chiasma in front. From 
its xmder surface, which is covered by the tuberal part of the hypophysis 
cerebri (p. 965), a hollow conical process, termed the infundibulum, projects 
downwards and is attached to the posterior lobe of the h^^ophysis. On each 
side the tuber cinereum is continuous with the anterior perforated sub- 
stance, but it is separated from it on the basal surface of the brain by the optic 
tract. 

The region occupied by the tuber cinereum is much more elaborated in 
fishes, and it owes its importance to its intimate relationship to the mouth and 

Ftg. 879. — A median sagittal section through the hypophysis cerebri of an 
adult monkey. Semidiagrammatic. (Herring.) 


Pars media 

its consequent association with the sense of taste (Tilney). The dominance of 
the gustatory by the olfactory sense in air-breathing vertebrates is accompanied 
by a reduction in the development of this part of the hypothalamus, although 
several nuclei and commissural pathways have been described. It is in this 
region that the nervus terminahs (p. 1037) is attached, and the fact that it 
contains sympathetic fibres is not surprising in the light of recent work on the 
hypothalamus (p. 966). 

The hypophysis cerebri (fig. 879), is a reddish-grey, somewhat ovoid body, 
measuring about 12 mm. in its transverse, and 8 mm. in its anteroposterior 
diameter. It is attached to the end of the infundibulum, and is situated in the 
fossa of the sphenoid bone, where it is retained by a circular fold 
of dura mater, which is termed the diaphragma sellce ; this fold almost completely 
roofs in the fossa, leaving only a small central aperture through which the 
infundibulum passes, and it separates the anterior part of the upper surface of 
the hypophysis cerebri from the optic chiasma (fig. 878). On each side, the 
l^ypop^ysis cerebri is related to the cavernous sinus and the structures which 
it contains (p. 819). Interiorly, it is separated from the floor of the fossa by 
a large, partially loculated, venous sinus, which comrnunicates freely with the 
circular sinus. 

The infundibulum, which is directed downwards and forwards, contains a 
funnel-shaped recess from the cavity of the third ventricle, and is surrounded 
(flg. 879) by an upward extension from the anterior lobe of the gland. 

The hypophysis consists of an anterior and a posterior lobe, which differ 
in their development and structure (fig. 880). The anterior is the larger, 
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and is somewhat kidney-shaped, the concavity being directed backwards and 
embracing the posterior lobe. It is developed j5rom a diverticulum of the ecto- 
derm of the primitive buccal cavity or stomodseum (p. 166), and consists of 
an anterior and a posterior part, separated jfrom each other by a narrow cleft, 
which represents the remnant of the cavity of the diverticulum. The anterior 
part is extremely vascular and consists of granular epithelial cells of varying size 
and shape, arranged in cord-like trabeculae or alveoli and separated by large, 
thin-waUed blood-vessels. It is continuous above with the tuberal portion, 
which surrounds the infundibulum (fig. 879) and covers the tuber cinereum. 
The posterior part of the anterior lobe fuses with the anterior surface of the 
posterior lobe, forming the middle part (pars intermedia) of the hypophysis. 
It contains a few blood-vessels and consists of finely granular cells, between 
which are small masses of colloid material. The posterior lobe, which constitutes 
the posterior part of the hypophysis, is developed as a down-growth from the 



floor of the diencephalon, and during early foetal life contains a cavity con- 
tinuous with that of the third ventricle. In some animals (e.g. cat) this cavity 
persists throughout Ufe. Although of nervous origin the posterior lobe contains 
no nerve-cells, but it receives nerve fibres from some of the nuclei of the hypo- 
thalamus. It consists of neuroglia-cells and fibres, and is invaded by cell- 
columns which grow into it from the middle part ; imbedded in it are scattered 
masses of a colloid substance histologically similar to that found in the thyroid 
gland. In certain of the lower vertebrates (e.g. fishes) nervous structures are 
present, and the lobe is of large size. It draws a somewhat limited blood-supply 
from the internal carotid arteries. 

Applied Anatomy . — ^Enlargement of the hypophysis cerebri and of the cavity of the 
sella turcica is found in the rare disease acromegaly, which is characterised by gradual 
increase of the size of the face, hands, and feet, with headache and often a peculiar type 
of bliadness. This bhndness is due to the pressure of the enlargmg hypophysis on the 
inferior aspect of the optic chiasma (fig. 878). The pressure causes atrophy of the nerve- 
fibres coming from the lower nasal c[uaiants of the retinse ; with the result that the patient 
loses the upper temporal quadrants of his fields of vision while retaining his nasal fields 
(bitemporal quadrantic hemianopia). 

The optic chiasma is described on p. 967. 
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(3) The anterior part of the lateral mil of the third ventricle is separated from 
the thalamus, above and behind, by the hypothalamic sulcus (p. 970) ; 
posteriorly it covers the terminal (lower) part of the anterior column of the 
fornix (fig, 881). In this part of the hypothalamus several nuclei have been 
identified and described and evidence which associates them with the activities 
of the viscera is gradually accumulating. Further the relationship between 
some of these nuclei and the hypophysis is very intimate, and the whole hypo- 
thalamus is now generally regarded as a complex neuroglandular mechanism 


Fig. 881. — Part of a median sagittal section through the brain. Compare 
with fig. 884. 
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which is concerned with the regulation and co-ordination of visceral activities. 
In its posterior part it contains the highest centres which have hitherto been 
identified in connexion with the sympathetic nervous system. 

In recent years the hypothalamus has been the subject of much investigation, both 
anatomical and experimental, and, owing to the researches of Eansom, CusMng, Beattie 
and many others,* it is possible to speak with some certainty on particular aspects of its 
functional activity. 

(1) Some, at least, of the activities of the hypophysis are controlled by Kypothalamic 
nuclei, several of which (notably the supra-optic nucleus, which covers the upper surface of 
the optic chiasma) send efferent fibres to terminate in the posterior lobe. Experimental 

* For a full list of references, consult papers by S. W. Ransom {Bulletin of the New York 
Academy of Medicine, May, 1937) and W. E. le Gros Clark {Journal of Mental Science, 
March, 1936). 
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section of these fibres is followed by atrophy of the posterior lobe and is associated with the 
condition of diabetes insipidus, which can be controlled by the administration of posterior 
lobe extract. From these experiments, which have been fully confirmed, it may be inferred 
that normally the posterior lobe secretes an antidiuretic hormone which regulates the 
outflow of water jhom the kidney. 

(2) All the signs of sympathetic activity, acceleration of heart, etc., can be obtained 
on electrical stimulation of an area in the lateral wall of the third ventricle immediately 
above the mamillary body. This area contains a well-defined group of nerve cells, termed 
the ^posterior hypothalamic nucleus^ which send their efferents upwards to the medial nucleus 
of the thalamus (p. 957) and caudally into the brain-stem. The precise course of these 
fibres in the brain-stem is uncertain. Ransom believes that they travel in the lateral part 
of the substance of the tegmentum, but most authorities hold that they descend close to 
the floor of the fourth ventricle in a bundle often termed the fasciculus longitudinalis 
dorsalis of Schutz. 

(3) The h 3 ?pothalamus is closely connected with the sleep mechanism. Destructive 
lesions, situated in the depths of the hypothalamic part of the lateral wall of the third 
ventricle in monkeys and just above and behind the mamillary body in cats, are associated 
with profound somnolence, and the grey matter in the last-named situation is extensively 
involved in the disease known as encephalitis lethargica. 

(4) Evidence is rapidly accumulating to show that the temperature-regulating mechan- 
ism is placed in the hypothalamus. Lesions of the floor of the third ventricle between the 
infundibulum and the supra-optio nucleus are always associated with loss of temperature 
control, which may be complete. 

(5) There is ground for believing that a parasympathetic centre is present in the hypo- 
thalamus, in front of the posterior hypothalamic nucleus and on a deeper plane, in a group of 
cells termed the lateral hypothalamic nucleus. By electrical stimulation of this nucleus, 
Beattie, Brow and Long produced many of the signs of parasympathetic activity, which 
were abolished on section of both vagus nerves. 

Optic cJiiasma , — ^The optic chiasma is a flattened, somewhat quadrilateral, 
bundle of nerve-flbres situated at the junction of the anterior wall of the third 
ventricle with its floor. Its anterolateral angles are continuous with the optic 
nerve, and its posterolateral angles with the optic tracts. The lamina terminalis 
(p. 968) is attached to its upper surface and is crossed, just above the chiasma, 
by the anterior communicating artery. Inferiorly the chiasma rests on the 
diaphragma sellse just behind the optic groove (sulcus chiasmatis) of the 
sphenoid bone, and is thus in close relation to the hypophysis cerebri. Post- 
eriorly it is related to the tuber cinereum and the infundibulum, below, and 
to the third ventricle above. Laterally it is related to the termination of the 
internal carotid artery and the anterior perforated substance. A small recess 
of the third ventricle, named the optic recess, passes downwards and forwards 
over its upper surface as far as the attachment of the lamina terminalis. 

Most of the fibres of the optic chiasma take origin in the retina and reach 
the chiasma through the optic nerves. In the cbiasma the fibres from the 
nasal half of each retina, including the nasal half of the macula, cross the median 
plane and enter the optic tract of the opposite side, while the fibres from the 
temporal half do not cross but pass backwards in the optic tract of the same 
side. The macular fibres from both eyes form a bundle, flattened from above 
downwards, which occupies the central part of the chiasma and separates the 
lower nasal quadrant fibres— which he in the lower part of the chiasma — ^from 
the upper nasal quadrant fibres — ^which he in the upper part of the chiasma. 
In the posterior part of the chiasma there is a strand of fibres, sometimes named 
the commissure of Gudden, which is not derived from the optic nerves. Its 
fibres arise in the medial geniculate body, enter the homolateral optic tract, 
cross in the chiasma and pass by the contralateral optic tract to reach the 
inferior corpus quadrigeminum and, possibly, the medial geniculate body of 
the opposite side. This commissure, therefore, forms no part of the visual 
pathway, but connects two lower auditory centres to each other. 

Optic tracts. — ^The optip tracts (figs. 876 and 882) are continued backwards 
and laterally from the posterolateral angles of the chiasma. Each passes 
between the anterior perforated substance and the tuber cinereum, forming 
the anterolateral boundary of the interpeduncular space. The tract becomes 
flattened and winds round the upper part of the cerebral peduncle, to which 
it adheres closely. In this part of its course it is hidden from view on the basal 
surface of the brain by the imcus and the hippocampal gyrus. Reaching the 
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lateral geniculate body it divides into a medial and a lateral root. The medial 
root comprises the fibres of Gudden’s commissure and enters the medial gen- 
iculate body. The lateral root consists mainly of afferent fibres which arise in 
the retina and undergo partial decussation in the optic chiasma, as abeady 
described, but it also contains a few fine efferent fibres which are passing 
forwards to terminate in the retina. Most of the fibres of the lateral root are 


Fig. 882. — A scheme showing the connexions of the optic nerves and 
optic tracts. 
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found to end in the lateral geniculate body, but some sweep over the pulvinar 
and gain the superior quadrigeminal body.*" It is very doubtful whether any of 
the fibres of the optic tract terminate in the pulvinar. New fibres arise from 
the nerve- cells in the lateral geniculate body, and pass through the posterior 
limb of the internal capsule. Emerging from the gapsule as a broad bundle 
termed the optic radiation, the fibres of the second visual neurones sweep 
backwards and medially to reach the cortex of the occipital lobe of the cere- 
brum, where the higher or cortical visual centres are situated (p. 993). On their 
way they are separated from the posterior cornu of the lateral ventricle only 
by the tapetum of the corpus callosum. 

* See footnote on p. 952. 
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Some of the fibres of the optic radiation take an opposite course, arising 
from the cells of the occipital cortex and passing to the superior quadrigeminal 
body, which therefore receives cortical in addition to retinal fibres. From the 
superior quadrigeminal body new fibres arise and travel by the tectobulbar and 


Fig. 883. — dia^am to show the projection of the visual fields on. the retinae, 
lateral geniculate bodies and striate areas of the cortex. (Modified from 
S. Polyak, Pvblications in Anatomy, Univ. of California Press.) 



1 = Fields of vision. 2 = Retinae, coloured to correspond with 1. 3 = Coronal section of lateral 
geniculate body. 4 =Projection of lateral geniculate body on to the visual cortex. The arrows 
indicate the paths of the fibres in the optic cMasma. 

Darker shades are used for the macular areas, and lighter shades for the peripheral retina. 
The peripheral strips on the nasal side of each retina are differently coloured on the two sides ; 
they are associated with monocular vision only. The corresponding cortical areas for monocular 
vision are shown for the human brain and may be regarded as somewhat speculative. 


tectospinal tracts to reach the nuclei of the third, fourth, sixth and eleventh 
cranial nerves, and the anterior grey column of the spinal cord. The superior 
quadrigeminal body constitutes a lower visual centre which is concerned 
through its retinal fibres with the light reflex * and, possibly, through its cortical 

* Some authorities believe that the afferent fibres concerned in the light reflex pass 
direct from the optic tract to the Edinger-Westphal nucleus. 
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fibres with the reflex movements of the head and eyes which occur in response 
to visual stimuli. 

The functional significance of the pulvinar with reference to the lower 
visual centres is explained on p. 958. 


The Third Ventricle 

The third ventricle (figs. 871, 881, 884), which is the derivative of the vesicle 
of the primitive fore-brain, is a median cleft between the two thalami. Behind, 
it commimicates with the fourth ventricle through the aqueduct of the mid- 
brain, and in front with the lateral ventricles through the interventricular 
foramen. Somewhat triangular in shape with the apex directed backwards, 
it has a roof, a floor, an anterior and a posterior boundary, and two lateral 
walls. 

The roof (fig. 884) is formed by a layer of ependjnna which stretches between 
the upper edges of the lateral walls of the cavity and is continuous with the 
ependjunal lining of the ventricle. It is covered by, and adherent to, a fold of 
pia mater, named the tela chorioidea of the third ventricle, from the under 
surface of which a pair of vascular fringed processes, named the choroid plexuses 
of the third ventricle, project downwards, one on each side of the median plane, 
and invaginate the epithelial roof into the ventricular cavity. 

The (fig. 836) slopes downwards and forwards and is formed mainly by 
structures which belong to the hypothalamus ; from before backwards these 
are : the optic chiasma, the infundibulum and tuber cinereum, and the corpora 
mamillaria. Behind the last the floor is formed by the posterior perforated 
substance and by the tegmenta of the cerebral peduncles. The ventricle is 
prolonged downwards into the infundibulum as a funnel-shaped recess, termed 
the infundibular recess. The hypophysis cerebri is attached to the apex of the 
infundibulum. 

The anterior boundary (fig. 881) is constituted below by the lamina terminalis, 
which represents the cephalic end of the primitive neural tube. It forms a 
thin layer of grey matter stretching from the upper surface of the optic chiasma 
to the rostrum of the corpus callosum. In its upper part the anterior boundary 
is formed by the anterior columns of the fornix, which diverge as they pass 
downwards and sink into the lateral walls of the ventricle, and the anterior 
commissure (p. 1001), which crosses the median plane in front of them. At the 
junction of the floor and anterior wall, immediately above the optic chiasma, 
the ventricle presents a small angular recess or diverticulum, named the o-ptic 
recess. Between the anterior columns of the fornix, and above the anterior 
commissure, is a second recess, sometimes termed the vulva. At the junction 
of the roof with the anterior and lateral wall of the ventricle is the interventricular 
foramen (foramen of Monro), through which the third and the lateral ventricles 
communicate with one another. It represents the site of the original diverticular 
outgrowth from the telencephalon which forms the cerebral hemisphere, and is 
relatively large and circular in a 10 mm. human embryo. In the adult, however, 
it is reduced to a somewhat crescentic slit, bounded in front by the curving 
anterior column of the fornix and behind by the convex anterior tubercle of 
the thalamus. 

The posterior boundary (fig. 881) is constituted by the pineal body, the 
posterior commissure and the aqueduct of the mid-brain. A small recess, 
named the pineal recess, projects into the stalk of the pineal body, whilst in 
front of and above the pineal body a second recess, named the suprapineal 
recess, consists of a diverticulum of the epithelium which forms the ventricular 
roof. 

Each lateral wall consists of an upper portion formed by the medial surface 
of the anterior two-thirds of the thalamus, and a lower formed by the hypo- 
thalamus and continuous with the grey matter of the ventricular floor. These 
two parts are separated from each other by the hypothalamic sulcus, which ex- 
tends from the interventricular foramen to the aqueduct of the mid-brain, 
but is not always an obvious feature. The lateral wall is limited above by the 
ridge covering the stria habenularis (p. 955). The anterior columns of the 
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fornix curve downwards in front of the interventricular foramen, and then 
run in the lateral walls of the ventricle, where, at first, they form distinct 
prominences, but subsequently are lost to sight. The lateral walls are joined 
to each other across the cavity of the ventricle by a band of grey matter, named 
the cormexus inteHhalamicus (massa intermedia) (p. 955). The area below the 


Fig-. 884. — A median sagittal section through the brain. 
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hypothalamic sulcus constitutes an important part of the hypothalamus and 
has been described on p. 966. 

The interpeduncular fossa (figs. 836, 887). — This is a somewhat lozenge- 
shaped area of the base of the brain, limited in front by the optic chiasma, 
behind by the anterosuperior surface of the pons, anterolaterally by the con- 
verging optic tracts and posterolateraUy by the diverging cerebral peduncles. 
The structures contained in it have already been described ; from behind 
forwards they are the posterior perforated substance (p. 963), corpora mamillaria, 
tuber cinereum, infundibulum, and hypophysis cerebri (p. 964). 


THE TELENCEPHALON 

The expansion of the telencephalon or end-brain and the development of 
the two cerebral hemispheres in the human embryo have already been described 
(p. 115). In the most primitive vertebrates the anterior part of each cerebral 
hemisphere is constricted to form the olfactory lobe, which may become drawn 
forwards into a dilated extremity, termed the olfactory bulb. The latter is con- 
nected by a hollow stalk, named the olfactory tract, to an elevation on the wall 
of the hemisphere, which constitutes the olfactory tubercle. In the basal part 
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of each hemisphere a large nucleus is formed which derives its afferent fibres 
from the olfactory lobe and from the thalamus, and sends its efferent fibres to 
the brain-stem and the spinal cord. This basal nucleus is termed the paloeo- 
striatum, and it constitutes a motor centre where impulses from the olfactory 
bulb and the thalamus can be co-ordinated to produce the appropriate response. 
The remainder of the wall of the hemisphere constitutes the pallium or mantle, 
which, in higher forms, becomes elaborated and expanded in a very remarkable 
manner. 

In the lowliest vertebrates the pallium shows very little differentiation, and 
it is merely a correlation area for gustatory impressions, which ascend from the 
hypothalamus, and for olfactory impressions, which stream into it not only 
from the olfactory lobe of the same side but also from the opposite side. Fibres 
from opposite sides cross in the lamina terminalis and represent the oldest 
commissures of the fore-brain, viz. : the anterior comnussure and the hippo- 
campal commissure. 


Fig. 885. — coronal section through the lateral and third ventricles. The pia 
mater of the tela chorioidea is shown in red and the ependjuna in yellow. 
Diagrammatic. 
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In the reptilian brain the pallium has undergone partial differentiation. 
On the medial wall of the hemisphere, immediately above the interventricular 
foramen, the hippocampal formation is established and the piriform area is 
laid down on the lateral waU, immediately dorsal to the palseostriatum. The 
latter is closely related to the lateral root of the olfactory tract and receives 
from it the axons of the secondary olfactory neurones. New fibres from the 
thalamus invade the telencephalon and reach the pallium along the dorsal 
and ventral margins of the piriform area. The latter preponderate at first, 
and the cells of the pallium in this situation multiply and grow centrally towards 
the cavity of the ventricle, in which they form a substantial longitudinal ridge. 
This ingrowth constitutes the neostriatum (of Kappers) (hypopallium of EUiot 
Smith), which lies dorsal to the palaeostriatum and intimately related to it. 
Prior to the invasion of the telencephalon by thalamic fibres the whole behaviour 
of the animal was dominated by olfactory impressions, but after its invasion 
by fibres conveying gustatory, visual, tactile and other forms of sensibility, 
modifjmg influences are introduced, and it becomes imperative that the 
activities of the palseostriatum should be inhibited and regulated. This con- 
trolling action is exerted by the neostriatum. 

At the same time other thalamic fibres reach the pallium along the dorsal 
and headward borders of the piriform area, and the cells in this situation increase 
enormously in number, and constitute the neopallium, as distinguished from 
the cortex of the hippocampal formation and the piriform area, which make 
up the archipallium. The cells of the neopaUium lie between the hippocampal 
formation on the medial side and the piriform area on the lateral side. 
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In mammals the neopallium grows and expands, and in microsmatic 
animals, such as man, a part of this increase is accomplished at the expense of 
the archipaUium, which is partly relegated to limited areas on the medial and 
inferior surfaces of the cerebral hemisphere and is partly overlapped and 
buried. With the appearance of new sensory centres in the neopallium, the 
simple movements which can be carried out by means of the corpus striatum 
(palseo- + neo-striatum) are insufficient to meet the demands and higher 
motor centres are therefore established in the neopalhum for the control of the 
movements of the body. These motor centres are closely connected to the 


Fig. 886. — Schematic representations of the cerebral hemisphere of a turtle, after 
Elliot Smith, J oumal of Anatomy ^ vol. liii. (I) Lateral surface ; (II) Medial 
surface ; (III) Coronal section through I and II in the plane XY- 



A.P., area piriformis ; H.F., hippocampal formation ; L.T., lamina tenninalis ; N., neopallium ; 
N.S., neostriatum ; O,, optic tract ; O.B., olfactory bulb ; O.T., olfactory tubercle ; P.A., para- 
hippocampal area ; P.B., paraterminal body ; P.S., palseostriatmn ; T„ thalamus. 


sensory centres in the neopallium, and as these connexions increase in number, 
behaviour becomes less and less affected by olfactory impressions and more and 
more influenced by other forms of sensibility. 

At first the higher sensory centres laid down in the neopaUium adjoin one 
another, but they gradually become separated by the development of 
association areas, in which at first visual, olfactory and gustatory im- 
pressions can be correlated. The association of these different forms of 
sensibility with one another renders possible the registration of past ex- 
perience so as to benefit the animal in its pursuit and selection of food. Its 
movements, therefore, become purposive, and a plastic element is introduced 
into its behaviour. 

The addition of higher auditory centres and the expansion of the som- 
esthetic centres are accompanied by the appearance of new association 
areas, all of which become linked up with the motor centres. As the neo- 
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pallium expands for these .purposes behaviour becomes still more purposive 
and plastic. 

The association areas have reached a much higher degree of expansion in 
man than in his nearest relatives, the anthropoid apes, and it is this feature in 
the structure of the human brain that has rendered possible the complexities 
of the intellectual life. 

The earlier stages of the expansion of the neopallium are the result of the 
process of telencephalisation, by means of which higher centres are shifted for- 
wards into the end-brain. The best example of this process is the appearance 
of the visual cortex in the occipital lobe, whicl^ takes over the higher visual 
centres formerly situated in the optic lobe or superior corpus quadrigeminum 
of the mid-brain. 

Parts of the telencephalon.^ — The telencephalon includes : (1) the cerebral 
hemispheres, the commissures which connect them, and the cavities which they 
contain, and (2) the anterior parts of the hypothalamus and of the third ventricle 
(already described on pp. 966-969). Each cerebral hemisphere consists of an 
outer layer of grey matter, termed the cortex, an inner mass of white fibres, 
and certain buried basal nuclei. The cortex may further be subdivided into 
the derivatives of the neopaUium and of the archipallium. The latter, with 
certain outlying structures such as the olfactory bulb, constitutes the rhinen- 
cephalon. 


The Ceeebbal Hemispheees 

The cerebral hemispheres form the largest part of the brain, and, when 
viewed together from above, assume the outline of an ovoid mass broader 
behind than in front, the greatest transverse diameter corresponding with a 
line connecting the two parietal tuberosities. The hemispheres are incompletely 
separated by a deep median cleft, named the longitudinal cerebral fissure, and 
each possesses a central cavity, termed the lateral ventricle. 

The longitudinal fissure of the cerebrum contains a sickle-shaped process of 
dura mater, named the falx cerebri, and the anterior cerebral vessels. In front 
and behind the fissure completely separates the cerebral hemispheres from 
each other ; in the middle, however, it only extends down to a great central 
white commissure, named the corpus callosum, which connects the hemispheres 
across the median plane. 


The Surfaces of the Cebebeal Hemispheres 

Each cerebral hemisphere presents three surfaces : superolateral, medial, 
and inferior. 

The superolateral surface is convex in adaptation to the concavity of the 
corresponding half of the vault of the cranium. The medial surface is flat and 
vertical and is separated from that of the opposite hemisphere by the long- 
itudinal fissure and the falx cerebri. The inferior surface is of an irregular 
form, and may be divided into two parts : orbital and tentorial. The orbital 
part, formed by the orbital surface of the frontal lobe, is concave, and rests on 
the roof of the orbit and nose ; the tentorial part is concavoconvex, and consists 
of the under surface of the temporal and occipital lobes ; anterolaterally it is 
adapted to the corresponding half of the middle cranial fossa ; posteromedially 
it rests upon the tentorium cerebeUi, which intervenes between it and the upper 
surface of the cerebellum. 

The three surfaces are separated by the following borders : {a) superomedial, 
between the superolateral and medial surfaces ; (6) inferolateral, between the 
superolateral and inferior surfaces ; the anterior part of this border separates 
the superolateral from the orbital surface of the frontal lobe, and is known as 
the superciliary border ; (c) medial occipital, between the tentorial and medial 
surfaces ; and (d) medial orbital, separating the orbital from the medial surface. 
The anterior end of the hemisphere is named the frontal pole ; the posterior, the 
occipital pole ; and the anterior end of the temporal lobe, the temporal pole. 
About 5 cm. in front of the occipital pole on the inferolateral border there is an 
indentation. or notch, named the pre-occipital notch. 
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The surfaces of the hemispheres are moulded into a number of irregular 
eminences, named gyri or convolutions, and separated by furrows termed sulci. 

The irregular character of the surfaces of the cerebral hemispheres is a very 
prominent feature, but it must be remembered that up to the end of the fourth 
month these surfaces are smooth and unbroken, like the surfaces of the brains 
of reptiles and birds. Thereafter localised depressions become apparent, and 
they deepen and extend over the surface to form the sulci. In certain situations 
these sulci develop along lines separating areas which differ from one another 
in the details of their microscopic structure and therefore probably in the funct- 
ions which they subserve. Such sulci may therefore be termed limiting sulci, 
since they establish the limits of certain functional areas. The central sulcus 
(of Rolando) is an admirable example of a limiting sulcus, for it is set between 
two areas of cortex which differ in thickness so notably that the difference can 
be appreciated with the naked eye (fig. 891). In other situations sulci develop 
in the long axis of a rapidly growing homogeneous area and are termed axial 
sulci. The post- calcarine sulcus is situated in the centre of the striate area of 
the cortex and is related on both sides to the higher visual centres. In other 
situations, again, a sulcus may be situated between two surface areas of cortex 
which are structurally different, but its lip and not its floor may form the dividing 
liue between the two areas. In these cases a third area is present in the wall 
of the sulcus and does not appear on the surface at aU. Such a sulcus is 
termed an operculated sulcus, and this type is represented in the human brain 
by the lunate sulcus, which separates the striate from the peristriate areas on 
the surface and contains in its wall the submerged parastriate area, which 
really intervenes between them. These three varieties include aU of the sulci 
which develop on the surface of the brain, with the exception of the lateral 
sulcus and the parieto-occipital sulcus. The former is the result of the slower 
expansion of the cortex of the insula and its consequent submersion by the 
adjoining cortical areas, which eventually come into contact with one another 
so as to delimit the lateral sulcus. The latter is brought about subsequent to 
the development of the corpus callosum. The posterior end of this great 
commissure has to convey not only the fibres from the occipital portions of 
the brain but also a large number of fibres from the temporal portions. As 
a result, a number of smaller axial and limiting sulci become crowded together 
and some of them become buried within the walls of the parieto-occipital 
sulcus. These two are really secondary sulci, since their occurrence depends on 
factors other than exuberant growth in closely adjoining areas. 

Some of the sulci which indent the hemisphere are deep enough to produce 
corresponding elevations in the walls of the lateral ventricles. The calcarine 
sulcus, which produces the calcar avis of the posterior horn, and the collateral, 
which produces the collateral eminence in the inferior horn, are therefore termed 
complete sulci. There is, however, no special morphological or functional 
significance to be attached to the fact that while some sulci are complete others 
are incomplete. 

The gyri and their intervening sulci are fairly constant in their arrangement ; 
at the same time they vary within certain limits, not only in different individuals, 
but in the two hemispheres of the same brain. The convoluted condition of 
the surface permits of a great increase of the grey matter without the sacrifice 
of much additional space, and the number and extent of the gyri, as well as ^ 
the depth of the intervening furrows, appear, within broad limits, to bear a 
direct relation to the intellectual powers of the individual. 

The superolateral surface of the cerebral hemisphere. — It is convenient for 
ease of description and for ease of reference to separate this surface into a 
number of lobes, but it must be remembered that this subdivision is purely one 
of convenience and that the lobes do not precisely correspond in surface extent 
to the cranial bones from which their names are derived. 

The anterior part of the hemisphere is termed the frontal lobe, and, on this 
surface, it comprises the whole of the area which lies in front of the central 
sulcus and above the lateral sulcus. It is limited above by the superomedial 
and below and in front by the superciliary margin of the hemisphere. 

The lateral sulcus (lateral fissure) (figs. 887 and 888) is a deep cleft situated 
on the inferior and lateral surfaces of the cerebral hemisphere. It consists of 
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a short stem which ends by dividing into three rami. The stem commences 
on the inferior surface at the lateral angle of the anterior perforated substance 
and extends laterally between the orbital surface of the frontal lobe and the 
anterior part of the temporal lobe. On reaching the lateral surface it divides 
into anterior horizontal, anterior ascending and posterior rami. The anterior 
horizontal ramus runs forwards for 2*5 cm. or less into the inferior frontal 
gyrus, while the anterior ascending ramus runs upwards for about an equal 

Fig. 887. — ^The base of the brain. 
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distance into the same gyrus. The posterior ramus is the longest division. 
It courses backwards and slightly upwards across the lateral surface for 
about 7 cm. before turning upwards to end in the parietal lobe. The 
floor of this sulcus is formed by the limen insulae and the insula, and it 
conducts the middle cerebral vessels from the basal to the lateral aspect of 
the hemisphere. 

The central sulcus (flg. 888) commences in or near the superomedial margin 
of the hemisphere a little behind the mid-point between the frontal and occipital 
poles. It runs sinuously downwards and forwards and ends a little above 
the posterior ramus of the lateral sulcus, from which it is always separated 
by an arched gyrus. The general direction of the sulcus makes an angle of 
rather less than 70° with the median plane. The central sulcus is a good 
example of a typical limiting sulcus, for it develops along the line which 
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separates the motor area of the cerebral cortex from the somesthetic area 
(p. 993). 

When the central sulcus is opened up the opposed walls are found to be 
marked by a number of small gyri which interlock with one another after the 
manner of gears in mesh, and are therefore termed interlocking gyri. This 
arrangement provides additional cortical grey matter without any corresponding 
increase in the surface area on the lateral surface of the hemisphere. Another 
feature is brought to light by opening up the sulcus. The floor is not the same 
depth throughout its whole extent, for a little below the middle of the sulcus 
its walls are usually connected to each other by a buried, transverse gyrus. 
The explanation of this condition is found in the mode of development of the 
central sulcus. When it makes its appearance in the sixth month, it does so 
in two distinct portions, an upper and a lower, which are at first separated by a 
transverse gyrus connecting the precentral convolution to the postcentral. 


Fig. 888. — ^The superolateral surface of the left cerebral hemisphere. Lateral aspect. 



The two parts occasionally remain separate, but as a rule they run into 
each other, and the transverse gyrus becomes buried as a deep, transitional 
gyrus. 

The lateral surface of the frontal lobe is traversed by three sulci which 
divide it into four gyri. The precentral sulcus runs parallel to the central sulcus, 
and is separated from it by the precentral gyrus. It is usually divided into 
upper and lower parts, but the two may be confluent. The superior frontal 
sulcus runs forwards and downwards from about the middle of the upper part 
of the precentral sulcus, while the inferior frontal sulcus runs parallel to it at a 
lower level. The portion of the frontal lobe which lies anterior to the pre- 
central sulcus is thus divided into the superior, middle and inferior frontal 
gyri. 

The precentral gyrus, which is bounded behind by the central sulcus and in 
front by the precentral sulcus, extends from the superomedial border of the 
hemisphere to the posterior ramus of the lateral sulcus. The large pyramidal 
cells of its posterior part (giant cells of Betz) give origin to the fibres of the 
important cerebrospinal (pyramidal) motor tract. 

The superior frontal gyms lies above the superior frontal sulcus, and is 
continuous over the superomedial margin of the hemisphere with the medial 
frontal gyrus on the medial surface. It is more or less completely subdivided 
into upper and lower portions by the paramedian sulcus which, however, is 
frequently interrupted by bridging gyri. 
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The middle frontal gyrus lies between the superior and the inferior frontal 
sulci. Its surface is broken by two or three small sulci which together con- 
stitute the middle frontal sulctts. Lesions of this gyrus result in interference 
with conjugate movements of the eyes. 

The inf erior frontal gyrus lies below the inferior frontal sulcus and is invaded 
by the anterior horizontal and the anterior ascending rami of the lateral sulcus. 
The areas grouped around these two rami constitute Broca’s area and are 
associated with the motor element of speech. The portion lying below the 
anterior horizontal ramus is termed the pars orbitalisy and it curves round 
the superciliary margin to gain the orbital surface of the frontal lobe. The 
portion between the ascending and the anterior horizontal rami is termed the 
pars triangularis, while the portion lying behind the anterior ascending ramus 
forms the pars posterior (pars basilaris) and is continuous behind with the lowest 
part of the precentral gyrus. 

The temporal lobe hes below the lateral sulcus. Behind it is limited by a 
line drawn from the preoccipital notch (p. 974) to the parieto-occipital sulcus, 
where it cuts the superomedial margin about 5 cm. in front of the occipital pole. 
The lateral surface of the temporal lobe is divided into three parallel gyri by 
two sulci. 

The superior temporal sulcus begins behind the temporal pole and runs 
backwards and slightly upwards parallel to the posterior ramus of the lateral 
sulcus. Its posterior end curves upwards into the parietal lobe. The inferior 
(middle) temporal sulcus lies below and parallel to the superior sulcus. It is 
broken up into two or three short stdci, but its posterior end turns upwards 
into the parietal lobe, behind and parallel to the upturned end of the superior 
sulcus. 

In this way the lateral surface of the temporal lobe is subdivided mto 
three parallel gjn:!, the superior, middle and inferior temporal gyri. The superior 
temporal gyrus is continuous with the gyri which form the floor of the posterior 
ramus of the lateral sulcus. These are three or four in number, and they 
extend obliquely forwards and laterally from the circular sulcus which surrounds 
the insula. They are termed the transverse temporal gyri (fig. 890). The higher 
auditory centres are situated in the anterior transverse temporal gyrus and in 
the portion of the superior temporal gyrus with which it is in continuity (fig. 
897). 

The parietal lobe is bounded in front by the central sulcus and behind by the 
line joining the preoccipital notch to the superomedial margin at the point 
where it is cut by the parieto-occipital sulcus. Above, it is limited by the 
superomedial margin, and below by the posterior ramus of the lateral sulcus 
and a line drawn backwards to the posterior boundary from the point where the 
ramus turns upwards. It will be seen, therefore, that both the posterior 
boundary and the posterior part of the inferior boundary of the. parietal lobe 
on this surface of the hemisphere are artificial. 

The lateral aspect of the parietal lobe is subdivided into three areas by 
two sulci, termed the postcentral sulcus, which lies behind and parallel to the 
central sulcus, and the intraparietal sulcus, which passes backwards from the 
postcentral sulcus (fig. 889). 

The postcentral sulcus, which may be divided into upper and lower parts, 
lies behind and parallel to the central sulcus. Inferiorly it ends above the 
posterior ramus of the lateral sulcus and in front of its upturned end. It 
divides the parietal lobe into an anterior part, termed the postcentral gyrus, 
and a large posterior part which is further subdivided by the intra- 
parietal sulcus. The intraparietal sulcus commences in the postcentral sulcus 
about its middle or at the upper end of its lower subdivision. It extends 
backwards and downwards across the parietal lobe, dividing it into a superior 
and an inferior parietal lobule. Posteriorly, as the occipital ramus, it extends 
into the occipital lobe, where it joins the transverse occipital sulcus at right 
angles (fig. 888). 

The postcentral gyrus lies between the central sulcus in front and the 
post- central sulcus behind. .It contains the important higher centres for 
somesthetic sensibility (p. 993). 

The superior parietal lobule extends between the superomedial margin of the 



979 


THE CEREBRAL HEMISPHERES 

hemisphere and the intraparietal sulcus. In front it is continuous with the 
postcentral gyrus round the upper end of the postcentral sulcus, while 
posteriorly it frequently runs into the arcus parieto-occipitalis, which sur- 
rounds the external part of the parieto-occipital sulcus. 

The inferior parietal lobule lies below the intraparietal sulcus and behind 
the lower part of the postcentral sulcus. It is divided into three parts. The 
anterior part (supra-marginal gjmis) arches over the upturned end of the 
lateral sulcus; it is continuous in front 

with the lower part of the postcentral Fig. 889. — The superolateral sur- 
gyrus and below and behind with the face of the left cerebral hemi- 

superior temporal gyrus. Occasionally it sphere. Superior aspect, 

is limited posteriorly by a small sulcus, 
named the sulcus intermedins primus, which 
descends from the intraparietal sulcus. The 
middle part (angular gyrus) arches over the 
upturned end of the superior temporal sulcus 
and is continuous behind and below with 
the middle temporal gyrus ; sometimes 
a small sulcus intermedins secundus forms 
its posterior boundary. The posterior part 
arches over the upturned end of the in- 
ferior temporal sulcus and extends on to 
the occipital lobe. 

The part of the lateral surface which 
lies behind the line joining the pre-occipital 
notch to the parieto-occipital sulcus on 
the superomedial margin belongs to the 
occipit^ lobe . The transverse occipital sulcus 
descends from the superomedial margin 
behind the parieto-occipital sulcus and is 
joined about its middle by the intraparietal 
sulcus. Its upper portion forms the post- 
erior boundary of th e arcus parieto-occipitalis, 
an arched gyrus which surrounds the end 
of the parieto-occipital sulcus. The lateral 
occipital {prelunate) sulcus is a short sulcus 
which runs forwards on the lateral aspect 
of the occipital lobe and divides it into a 
mperior and an inferior occipital gyrus (fig. 

888). The sulcus lunatus is situated just in 
front of the occipital pole, but it is not in- 
variably present. It is placed vertically 
and sometimes forms a I— with the post- 
calcarine sulcus, although the two are more 
often separated from each other. The hps 
of the lunate sulcus, which is operculated 
in type, separate the striate from the peri- 
striate area of the cortex, but the parastriate area is buried within the walls 
of the sulcus and intervenes between them. The lunate sulcus forms the post- 
erior boundary of the gyrus descendens (Ecker), which lies behind the superior 
and inferior occipital gyri. Two curved sulci, named the superior and inferior 
polar sulci, are often present near the extremities of the lunate sulcus. The 
superior polar sulcus arches upwards on to the medial aspect of the occipital 
lobe from the neighbourhood of the upper limit of the lunate sulcus ; the 
inferior polar sulcus arches downwards and forwards on to the inferior aspect 
from the lower limit of the same sulcus. These two polar sulci enclose semi- 
lunar extensions of the striate area (p. 993) and represent the expansion of the 
visual cortex in association with the formation of its large macular area* 
(p. 994). 

The insula (fig. 891) lies deeply in the fioor of the lateral sulcus and is almost 
surrounded by a circular sulcus. It has been hidden and buried by the over- 
* G. Elliot Smith, Journal of Anatomy, vol. Ixiv. 1930. 
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growth of the cortical areas which adjoin it, and it can only be seen when the 
lips of the lateral sulcus are widely separated. These areas of the cortex are 
therefore termed the ojpercula of the irisula^ and they are separated from each 
other by the three rami of the lateral sulcus. The orbital operculum lies below 
the anterior horizontal ramus and is formed by the pars orbitalis of the inferior 
frontal gyrus. The frontal operculum lies between the anterior horizontal and 
ascending rami, and is formed by the pars triangularis of the inferior frontal 
gyrus. It may be of small size in cases where the two rami between which it 
lies arise by a common stem. The frontoparietal operculum lies between the 
anterior ascending and the upturned end of the posterior ramus of the lateral 
sulcus. It is formed by the pars posterior of the inferior frontal gyrus, by 
the lower ends of the precentral and postcentral gyri, and by the lower end of 
the anterior part of the inferior parietal lobule. The temporal operculum lies 


Tig. 890. — section showing the upper surface of the left temporal lobe. 
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below the posterior ramus and is formed by the superior temporal gyrus and 
the transverse temporal gyri. 

When the opercula have been removed, the insula is seen as a pyramidal 
eminence, the apex of which is directed towards the anterior perforated sub- 
stance. In this situation the circular sulcus is deficient and the medial part of 
the apex is termed the limen insulae-. The surface of the insula is divided into 
a larger anterior and a smaller posterior part by the sulcus centralis insulae, 
which runs upwards and backwards from the apex of the insula. The anterior 
part is divided by shallow sulci into three or four short gyri, while the posterior 
part is formed by one long gyrus, which is often divided at its upper end. The 
cortical grey matter of the insula is continuous with that of the various opercula 
round the bottom of the circular sulcus. The insula overlies, and is more 
or less coextensive with the claustrum and the putamen of the lentiform 
nucleus. 

The medial surface of the cerebral hemisphere. — This surface cannot be 
examined until the two cerebral hemispheres have been separated from each 
other by the division of (1) the commissures which connect them and (2) the 
roof, floor, anterior and posterior walls of the third ventricle (fig. 881). The 
most conspicuous feature on this surface is the great commissure which is 
termed the corpus callosum. It forms a broad arched band which lies in the 
floor of the central part of the longitudinal fissure. The recurved, anterior end 
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of the corpus callosum is termed the genu. Below, it is continuous with the 
rostrum, which narrows rapidly as it passes backwards to become connected 
to the upper end of the lamina tenninalis ; above, it is continuous with the 
trunk, which a ches upwards and backwards to end in a thickened, rounded 
extremity, termed the splenium. The deep surfaces of the trunk, genu and 
rostrum give attachment to the laminae of the septum lucidum, which occupies 
the interval between them and the fornix — a curved, flattened band of fibres 
which lies at a lower level. Immediately in front of the lamina tenninalis and 
almost co-extensive with it, there is a narrow, triangular field of grey matter, 
which is termed the paraterminal gyrus (paraterminal body) (p. 986) . Anteriorly 
it is separated from the rest of the cortex by a shallow groove which is named 
the posterior parolfactory sulcus, A little in front of this groove a second, 
short, vertical sulcus may be present and is termed the anterior parolfactory 
sulcus. The portion of cortex which lies between these two sulci constitutes 
the parolfactory area (fig. 892). 

Fig. 891, — The insula of the right side. Exposed by the removal of the opercula. 
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The anterior part of this surface of the hemisphere is divided into an outer 
and an inner zone by a curved sulcus, termed the sulcus cinguli. It commences 
below the rostrum of the corpus callosum and passes first forwards, then 
upwards and finally backwards, conforming to the curvature of the corpus 
callosum. Its posterior end turns upwards to reach the superomedial margin 
of the hemisphere, about 4 cm. behind the mid-point between the frontal and 
occipital poles, and hes behind the upper extremity of the central sulcus (fig. 
892). The outer zone demarcated by the sulcus cinguli forms a part of the 
frontal lobe. It is subdivided into a larger anterior portion and a smaller 
posterior portion by a short fissure which runs upwards from the sulcus cinguli 
above the middle of the trunk of the corpus caUosum. The larger anterior 
portion is the medial frontal gyrus, while the smaller posterior portion is termed 
the paracentral lobule. The upper end of the central sulcus usually cuts into 
the posterior part of the paracentral lobule and the motor cortex of the pre- 
central gyrus is directly continuous with the cortex of the lobule. This area 
contains the centres which control the movements of the lower limb and perineal 
region of the opposite side. 

The iimer zone which is marked off by the sulcus cinguli constitutes the 
gyrus cinguli. Commencing below the rostrum this gyrus follows the curve 
of the corpus callosum, from which it is separated by* the callosal sulcus, and 
it continues round the splenium on to the inferior surface of the hemisphere 
to become continuous with the hippocampal gyrus. It is connected with the 
anterior nucleus of the thalamus both by afferent and by efferent pathways. 
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The line of the sulcus cinguli is interrupted behind the paracentral lobule, 
but is partially continued by a short sulcus, of variable form, termed the 
mprasplenial sulcus (subparietal sulcus). 

The posterior part of the medial surface of the hemisphere is marked by two 
deep sulci which converge anteriorly and meet a short distance behind the 
splenium of the corpus callosum. These are the parieto-occipital and the 
postcalcarine sulci. The parieto-occipital sulcus commences on the supero- 
medial margin of the hemisphere about 5 cm. in front of the occipital pole and 
is directed downwards and slightly forwards to meet the postcalcarine sulcus. 
When the lips of the sulcus are widely separated it wiU be found that, although 
on the surface of the hemisphere the parieto-occipital and the postcalcarine 
sulci are apparently continuous, they are in reality separated from each other 
by a biuied gyrus, termed the gyrus cunei. In addition, the walls of the sulcus 
show the presence of two or more vertically disposed sulci. These sulci 


Fig. 892. — The medial sxirface of the left cerebral hemisphere. 



were originally exposed on the medial surface of the hemisphere, but they 
became buried and included in the parieto-occipital sulcus owing to the 
growth of the splenium of the corpus callosum (p. 975). The walls of the 
parieto-occipital sulcus, therefore, resemble the walls of the lateral sulcus, 
although the contained sulci and gyri are fewer in number and smaller in 
extent. 

The postcalcarine sulcus commences in the neighbourhood of the occipital 
pole. Although the sulcus is usually restricted to the medial surface of 
the hemisphere its posterior end occasionally extends on to the lateral 
surface. It runs forwards a little above the inferomedial margin of the 
hemisphere, taking a slightly curved course with an upward convexity, and 
joins the parieto-occipital sulcus at an acute angle a little behind the splenium 
of the corpus callosum. At that point the postcalcarine sulcus is, superficially, 
directly continuous with the calcarine sulcus^ but the floor of the sulcus is 
crossed by the buried anterior cuneolingual gyrus, which separates the two sulci 
from each other. The calcarine sulcus crosses the inferomedial margin and 
gains the inferior aspect of the hemisphere, where it cuts into the gjnnis cinguli, 
leaving it connected to the hippocampal gyrus only by a narrow isthmus. 
The postcalcarine sulcus develops as an axial sulcus, set in the long axis of 
the visual cortex. Tfip calcarine sulcus, however, is a limiting sulcus, and 
separates the striate, visual cortex from the cortex of the gyrus cinguli. It 
conforms to the definition of a true sulcus, since it produces an elevation in 
the medial wall of the posterior horn of the lateral ventricle (the calcar avis). 
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The quadrilateral area, bounded in front by the upturned end of the sulcus 
cinguli, behind by the parieto-oocipital sulcus, above by the superomedial 
margin and below by the suprasplenial (subparietal) sulcus, is termed the 
freemens and, together with the ;part of 

the paracentral lobule which lies behind the Fig. 893.— The orbital surface of the 
central sulcus, constitutes the medial surface left frontal lobe, 

of the parietal lobe. 

The wedge-shaped area bounded in front 
by the parieto-occipital sulcus, below by the 
postcalcarine sulcus and above by the supero- 
medial margin, is termed the cuneus. Its 
surface is usually indented by one or two 
small irregular sulci, and forms the medial 
surface of the occipital lobe. 

The inferior surface of the cerebral hemi- 
sphere. — ^This surface is subdivided into a 
smaller, anterior portion, which lies in 
front of the stem of the lateral fissure, and 
a larger, posterior portion, which lies be- 
hind it. The anterior portion forms the 
orbital surface of the cerebral hemisphere. 

It is concave from side to side and rests on 
the cribriform plate of the ethmoid bone 
and on the orbital plate of the frontal bone. 

An anteroposterior sulcus traverses this 
surface near its medial margin and, since it 
is hidden by the overlying olfactory bulb and tract, it is termed the olfactory 
sulcus. The medial strip of cortex which it marks off is the gyrus rectus. 
The rest of this surface is divided by an H -shaped orbital sulcus into four 
gyri. These are named the anterior, medial, posterior and lateral orbital 
gyri according to their positions. The last-named is continuous round the 
superciliary margin with the inferior frontal gyrus. 

The posterior portion forms the tentorial surface of the hemisphere, and 
rests partly on the tentorium cerebeUi and partly on the floor of the middle 
cranial fossa. It is traversed by two anteroposterior sulci, the collateral and 
the occipitotemporal (inferior temporal). The collateral sulcus commences near 
the occipital pole and runs forwards, roughly parallel to the calcarine sulcus, 
from which it is separated by the lingual gyrus. Anteriorly the collateral 
sulcus may be continued into the rhinal sulcus, but the two are usually separated. 
The rhinal sulcus runs forwards in the line of the collateral sulcus and separates 
the temporal pole from a somewhat hook-shaped elevation which lies postero- 
medial to it and is termed the uncus. This fissure marks the lateral limit of 
the piriform area of the cortex (p. 985). 

The occipitotemporal (inferior temporal) sulcus lies roughly parallel to 
the collateral sulcus and on its lateral side. As a rule it does not extend as 
far back as the occipital pole, and it is frequently divided into two or more 
parts. 

The lingual gyrus lies between the calcarine and the collateral sulci. Ant- 
eriorly it passes without interruption into the hippocampal gyrus, which com- 
mences at the isthmus, where it is directly continuous with the gyrus cinguli, 
and passes forwards bounded on its lateral side by the collateral and rhinal 
sulci. Anteriorly it becomes continuous with the uncus, and as it passes forwards 
its medial edge abuts on the side of the mid-brain. The uncus is the recurved, 
hook-Hke, anterior end of the hippocampal gyrus and forms the posterolateral 
boundary of the anterior perforated substance. The medial part of its hook 
extends laterally above its lateral part and will be described later (p. 985) ; 
its inferior surface cannot be exposed completely until the lateral and more 
superficial part of the hook has been removed (fig. 895). The uncus forms the 
biilk of the piriform area, which constitutes an important part of the rhmen- 
cephalon and is phylogenetically one of the oldest parts of the pallium. It is 
beheved that the higher centres for the sense of taste are situated in the hippo- 
campal gyrus, in the neighbourhood of the uncus. 
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The medial occipitotemporal (fusiform) gyrus extends from the neighbour- 
hood of the occipital to the temporal pole. It is limited by the collateral and 
rhinal sulci on its medial side and by the occipitotemporal sulcus on its lateral 
side. The lateral part of this area forms the lateral occipitotemporal gyrus, which 
is continuous round the inferolateral margin of the hemisphere with the inferior 
temporal gyrus. 


The RHINENCEPHiXON 

The rhinencephalon includes all those portions of the cerebrum which are 
concerned with the reception and conduction of olfactory impressions. In 
lower vertebrates the rhinencephalon consists of the olfactory lobe and the 
archipallium, and includes nearly the whole of the fore-brain. In man, however, 
the archipallium has been so much reduced by the exuberant growth of the 
neopallium that many of its derivatives are difficult to recognise with the naked 
eye. They have been relegated to the medial and inferior surfaces ; some 
have become thinned out into a fine sheet by the growth of the corpus 
callosum (p. 999), while others have been overgrown and buried by the develop- 
ment of neighbouring neopallial areas. 

The constituent parts of the rhinencephalon are : (1) the olfactory bulb, 
in which the primary olfactory neurones end and the secondary neurones begin, 
(2) the olfactory tract, which conveys the secondary olfactory neurones to (3) the 
olfactory pyramid, the olfactory tubercle, the anterior perforated substance and 
the area piriformis, which give rise to the tertiary olfactory neurones, (4) the 
hippocampal formation, in which the tertiary neurones end, (5) the paraterminal 
gyrus, (6) the fornix, which constitutes the efferent pathway from the hippo- 
campal formation and the archipallium m general, and (7) the nucletLS habenulce. 
Some writers include the septum luoidum in the rhinencephalon, but until the 
details of its development and its morphology are more fully known, it may, 
perhaps, more justly be considered together with the cerebral commissures to 
which it owes its existence. 

(1) The olfactory bulb (see also p. 995) is an oval, reddish-grey mass which 
lies above the medial edge of the orbital plate of the frontal bone and below 
the anterior end of the olfactory sulcus on the orbital surface of the frontal 
lobe. The olfactory nerves pass upwards through the cribriform plate from 
the olfactory region of the nasal mucous membrane and enter its inferior 
surface. 

(2) The olfactory tract is a narrow, white band which issues from the posterior 
end of the olfactory bulb and passes backwards on the orbital surface of the 
frontal lobe, covering the olfactory sulcus. On transverse section it is triangular 
in outline, the apex being directed upwards. At its somewhat expanded 
posterior end, which is termed the olfactory peduncle, the tract is inserted into 
the cerebrum. The constituent fibres diverge from one another, forming the 
lateral and medial roots of the olfactory tract, and enclosing the olfactory pyramid. 
The lateral root passes laterally at &st in the anterior part of the anterior 
perforated substance, where its fibres can usually be detected with the naked 
eye. They are associated with a narrow band of grey matter derived from the 
piriform area but indistinguishable from the grey matter of the anterior perfor- 
ated substance. On reaching the limen insulae (p. 980) the lateral root and its 
accompanying grey matter bend sharply backwards and medially in the floor of 
the stem of the lateral sulcus and enter the superolateral part of the uncus. The 
medial root of the olfactory tract turns medially and ascends on the medial aspect 
of the hemisphere in the posterior part of the parolfactory area and immediately 
in front of the paraterminal g37rus, which separates it from the upper end of 
the lamina terminahs. Like the lateral root, it is associated with a strip of 
grey matter. The primary connexions of the medial root in the human brain 
are uncertain, but it is probable that the secondary connexions pass to the 
indusium ^iseum (p. 999) on the inferior surface of the rostrum of the corpus 
caUosum (fig. 894). 

(3) (a) The olfactory pyramid is a small area of grey matter situated between 
the diverging roots of the olfactory tract and in front of, and in surface continuity 
with, the anterior perforated substance. 
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(6) The olfactory tubercle Kes immediately posterolateral to the olfactory 
pyramid. Very rarely it is visible in the human brain as a small oval elevation 
in the anterior perforated substance. 

(c) The anterior perforated substance lies on the basal surface of the cerebral 
hemisphere in the angle between the optic tract and the uncus. In front 
it is bounded by the olfactory tubercle and the roots of the olfactory tract 
MediaUy it is continuous, above the optic tract, with the tuber cinereum and 
in front of that, with the lower end of the paraterminal gyrus. LateraUy 
it extends to the limen insul® (p. 980). Its exposed surface is pierced by the 
central branches of the anterior and middle cerebral arteries and is crossed by 
the latter vessel. Superiorly it is continuous with the grey matter of the corpus 
striatum and of the claustrum, and it is separated from the anterior part of 


Fig. 894* A^sseotioa of the left cerebral hemisphere, showing the parts of the 
rhmeucephalon. Drawn from a specimen lent by Professor R. B. Green. 


Indusium griseum 



Uncus Anterior column of fornix 


the globus pallidus of the lentiform nucleus by the anterior, commissure, the 
ansa lenticularis and the ansa peduncularis. 

(d) The piriform area includes the anterior part of the hijpjpocampal gyrus, 
the uncus and the band of grey matter which reaches it along with the lateral 
root of the olfactory tract. When the lateral part of the uncus is remoyed, the 
inferior stttface of its medial part can be examined. It is crossed about its 
middle by a narrow^ band of grey matter, continuous at its lateral end with 
the dentate gyrus, and termed the tail of the dentate gyrus (bandereHa of Giac- 
omini) (fig. 895). The portion of the uncus which lies behind the tail of the 
dentate gyrus has been termed, the intralimbic gyrus (hippocampus inversus, 
of Elliot Smith), and it is morphologically distinct from the part lying anterior 
to it, which has the histolo^cal characters of the piriform cortex (p. 996). 

The tertiary olfactory neurones, which arise in the olfactory tubercle and 
P3nramid and in the piriform area, proceed at once into the hippocampal form- 
ation, but they do not form any composite tract. 

(4) The hippocampal formation is formed along the fringe of the pallium 
on the medial aspect of the hemisphere. It comprises {a) the indusium griseum, 
(b) the longitudinal strice of the corpus callosum, (c) the dentate gyrus, and [d) the 
hippocampus. 

The hippocampal formation is laid down in the embryo on the medial waU 
of the hemisphere, forming an arch immediately outside the arch of the choroidal 
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fissure (p. 118). The anterior or upper part of the arch is invaded by the 
corpus callosum, and the great size of this structure in the human brain reduces 
the corresponding portion of the hippocampal formation to the mere vestige 
which is represented by the indusium griseum on the surface of the corpus 
callosum (fig. 894) and the associated longitudinal striae. The posterior or 
lower part of the arch is carried downwards and forwards by the growth of 
the temporal lobe and so is not affected by the development* of the corpus 
callosum. The hijpx^ocamjpal sulcus develops in this part of the hippocampal 
formation, outside the choroidal fissure, and the strip of cortex which lies be- 
tween the two forms the dentate gyrus. The cortex at the bottom of the sulcus 
proliferates rapidly and bulges laterally into the cavity of the inferior horn 
of the ventricle, constituting the hippocampus. 

(а) The iTtdusium griseum is the thin sheet of grey matter which covers 
the upper surface of the corpus callosum and is continuous on each side, round 
the bottom of the callosal sulcus, with the cortex of the gyrus cinguti. It is 
continuous behind with the splenial gyrus, a delicate layer of grey matter 
which is in continuity with the posterior end of the dentate gyrus (fig. 903). 
In front it is continued round the genu and on to the inferior surface of the 
rostrum of the corpus callosum, to become continuous with the parolfactory 
area and the paraterminal gyrus. 

{b) The medial and lateral longitudinal strice are two ridges which extend 
forwards on the upper surface of the corpus caUosum. The medial stria lies 
close to the median plane, but the lateral, stria is placed under cover of the 
gyrus cinguli in the fioor of the callosal sulcus. They consist of longitudinally 
r unnin g fibres, which sweep round the genu and over the rostrum to enter the 
paraterminal gyrus [vide infra). They represent the white substance of the 
vestigial indusium griseum. 

(c) The dentate gyrus is a narrow, crenated strip of cortex which lies on 
the upper surface of the hippocampal gyms, under cover of the fimbria (fig. 895), 
from which it is separated by the fimbriodentate sulcus. The hippocampal 
sulcus intervenes between it and the inppocampal gyrus, but except at its 
anterior end this sulcus is not constantly present in the adult human brain. 
Posteriorly the dentate gyrus is prolonged on to the under-surface of the 
splenium of the corpus callosum, as the delicate splenial gyrus (fig. 903), which 
in turn becomes continuous with the indusium griseum. imteriorly the 
dentate gyrus is continued into the notch of the uncus, and then bends sharply 
medially across its inferior surface (fig. 895). This transverse portion is termed 
the tail of the dentate gyrust Unlike the rest of the gyrus it is smooth and feature- 
less, and it becomes lost on the medial aspect of the uncus. 

{d) The hippocampus is a curved elevation, about 5 cm. long, which extends 
throughout the entire length of the fioor of the inferior horn of the lateral 
ventricle (fig. 910). Its anterior or lower extremity is enlarged and presents two 
•or three shallow grooves separated by digit-like ridges, which give it a paw-Hke 
appearance. On this account it is termed the pes hippocampi. The elevation 
itself is usually described as being produced by the hippocampal sulcus, but 
Elliot Smith maintains that this is not actually the case, and that the elevation 
owes its presence to the rapid proliferation of the cells of the hippocampal 
formation in this situation. The ventricular surface of the hippocampus is 
covered by a layer of white fibres which constitutes the alveus, but the great 
bulk of the elevation is made up of grey matter. Posteriorly the hippocampus, 
like the dentate gyrus, becomes continuous with the splenial gyrus at the splen- 
ium of the corpus caUosum. 

(5) The paraterminal gyrus (subcallosal gyrus of Zuckerkandl) is the tri- 
angular area of the cortex which lies immediately in front of the lamina term- 
iaahs (fig. 881). Anteriorly it is limited by the posterior parolfactory sulcus, 
and superiorly it becomes continuous with the indusium griseum on the inferior 
surface of the rostrum of the corpus callosum. Interiorly it is connected to the 
piriform area by a white band, termed the diagonal hand, which runs 
laterally and backwards across the posterior part of the anterior perforated 
substance (fig. 876). The significance of the paraterminal gyrus in the rhinen- 
cephalon has not yet been definitely; determined. 

(б) The fornix is the efferent pathway from the cells of the hippocampal 
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formation, and therefore conveys olfactory fibres of the fourth neurones. The 
fibres of the cells of the hippocampus pass to its ventricular surface where they 
form a layer of white matter, termed the alv&us. The fibres of the alveus 
converge on the medial border of the hippocampus to form the fimbria, a 
flattened band of white fibres which lies above the dentate g 5 nnis and immed- 
iately below the lower part of the choroidal fissure. The disposition of the 
fimbria is variable. It may project above the dentate gyrus, with a free 
medial edge and a lateral border which merges into the alveus, or its free border 
may be twisted over towards the lateral side, uncovering the dentate gyrus 
(fig. 903). Anteriorly, the fimbria passes into the hook of the uncus (fig. 895), 
Traced backwards on the floor of the inferior horn of the ventricle, it ascends 
below the splenium and bends forwards above the thalamus, forming the 
posterior column of the fornix. The two posterior column^ are closely applied to 
the under surface of the corpus callpsum and are connected to each other by 
a number of transverse fibres which pass between the hippocampal formations 


Fig. 895. — A. dissection, of the inferior surface of the brain to display the 
imcus, the dentate gyrus and the fimbria. 
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of the two hemispheres and form the hippocampal commissure. This com- 
missure presents the appearance of a thin, triangular lamina. Between it and 
the corpus callosum a horizontal cleft (the so-called ventricle of the fornix or 
ventricle of Verga) is sometimes found. 

Anteriorly the two posterior columns come together in the median plane 
and constitute the body of the fornix, which is really a symmetrically disposed 
bilateral structure. The body of the fornix lies above the tela chorioidea and 
the ependymal roof of the third ventricle (fig. 885) and is attached above to 
the under surface of the corpus callosum and, more anteriorly, to the lower 
borders of the laminas of the septum lucidum. Laterally the body of the fornix 
overlies the medial part of the upper surface of the thalamus (p. 955) and the 
choroidal fissure is placed below its free, lateral edge. Through this fissure the 
choroid plexus in the lateral margin of the tela chorioidea thrusts its way into 
the body of the lateral ventricle (fig. 885), 

Above the interventricular foramen the body of the fornix separates into two 
anterior which bend downwards and backwards, forming the anterior 

boundary of the interventricular foramen and passing behind the anterior 
commissure. As they descend, each sinks into the anterior part of the corre- 
sponding lateral wall of the third ventricle and reaches the corpus mamillare, 
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in which it terminates (p. 963). Some of the fibres of the fornix system leave 
the column near the interventricular foramen and run backwards, as the stria 
habenularis (p. 961), to reach the nucleus habenulae of the same or the opposite 
side. A slender bundle of fibres, named the olfactory fasciculus, leaves the 
anterior column of the fornix and descends in front of the anterior commissure 
to the base of the brain where it divides* into two parts ; one joins the medial 
root of the olfactory tract ; the other joins the indusium griseum of the corpus 
callosum and through it reaches the hippocampal gyrus. 

The fornix is the efferent pathway for the archipallium, and its fibres, relayed 
in the corpora mamillaria, pass to the anterior nucleus of the thalamus by 
the ma mill othalamic tract and to the tegmentum of the brain-stem by the 
mamillotegmental tract (p. 963). 

(7) The nucleus habenulce and its afferent and efferent fibres have already 
been described (p. 961). 


THE STRUCTURE OF THE CEREBRAL CORTEX 

The nerve-ceUs of the cerebral cortex show a wide variation in size and 
shape, and in the inode of behaviour of their dendrites and axons. In all 
parts of the cortex they are laid down in strata, but the transition from stratum 
to stratum is not sharp and clear-cut, and, as a result, different observers 
have adopted different descriptions of the stratification. It must be remembered 
that many fibres reach the cortex from the underlying white matter and run, 
for the most part, at right angles to the surface, breaking up the cellular 
constituents into parallel columns. Others, however, alter direction after 
penetrating the cortex and, together with intracortical fibres, form two sheets 
— or in some situations tliree — ^which lie parallel to the surface. The most 
superficial layer of the cortex consists of fibres which run tangentially ; amongst 
them there are many neuroglial cells, the horizontal cells of Cajal and cells of 
Golgi, type II. In the substance of the cortex there may be two sheets of 
fibres parallel to those 4n the superficial or molecular layer. They appear in 
sections of the cortex as narrow bands,' termed the outer and inner bands of 
BaiUarger ; they vary in thickness in different cortical areas. In the visuo- 
sensory cortex, the outer band forms a broad strip which can readily be recog- 
nised by the naked eye and is termed the visual stria. It is so characteristic 
a feature that the visuosensory area is named the striate area. In many regions 
the inner band of BaiUarger is completely obscured and it may be entirely 
absent. 

The depth of the cortex is always greater on the exposed surfaces of the 
gyri than it is in the depths of the sulci, and varies from 4 mm. in the precentral 
gyrus to 1*25 mm. in the occipital lobe. 

In the human foetus at the sixth month three layers can be made out in 
the cortex, viz. — a superficial or molecular layer, consisting mainly of tangential 
fibres, an intermediate or granular layer of cells, and a deep or infragranular 
layer of ceUs. This three-layered arrangement is typical of the archipaUium, 
and is found in the adult human brain in the hippocampal formation. The 
granular layer constitutes the receiving mechanism, and the infragranular layer 
the transmitting mechanism. In the later months of foetal life the neopallium 
becomes further differentiated. The advent of additional association and 
commissural afferent fibres leads to a thickening and differentiation of the 
granular layer. It gives rise to an outer granular layer, which merges into a 
'pyramidal layer of ceUs. Deep to the pyramidal layer there is a fourth layer, 
consisting of smaU steUate or 'granular cells, termed the inner granular layer. 
At the same time,’ the infragranular layer thickens and differentiates into a 
deeper, polymorphous layer, in which smaU fusiform ceUs predominate, and a 
more superficial ganglionic layer, in which the cells are more densely packed 
and giant pyramidal or stellate ceUs may be found. The growth of the infra- 
granular layer is contemporaneous with the increase in number of the cortico- 
fugal and outgoing commissural fibres. 

The adult cortex may therefore be considered as subdivided into six different 



THE STRUCTURE OF THE CEREBRAL CORTEX 989 

strata, wliich differ in the depths of the various layers and in the number and 
character of their constituent cells in different parts of the hemisphere. 

(1) The molecular layer consists of a stratum of meduUated fibres (plexus 
of Exner) that run parallel to the surface. It varies in its depth and in the 
density of the fibres which it contains. In its deeper part it contains the apical 
dendrites of the pyramidal cells, the axons of the cells of Martinotti, and fibres 
derived from the subjacent white substance of the hemisphere. In addition, 
it contains (a) small, irregularly-shaped nerve-cells with short axons and a 
variable number of dendrites, and (h) fusiform cells, lying with their long axes 
parallel to the surface. 

(2) The outer granular layer is of approximately the same depth as the first 
layer. The cells are small, averaging Sy. to lOju. in diameter, having disproport- 
ionately large nuclei. 

(3) The pyramidal layer shows a gradual increase in the size of its constituent 
cells as they are traced inwards from the surface. Its outer part presents 
few variations throughout the whole extent of the cortex. The constituent 
cells are typical pyramidal cells, and are more widely separated from one 
another than the cells in the second layer. 

The inner part of the pyramidal layer shows considerable variations in 
different areas. Its cells have an average diameter of 25-30/x, and they show 
a marked increase in the number and size of the contained MssFs granules. 
The deepest part of this layer is traversed by the outer band of Baillarger. 

(4) The granular layer forms a narrower stratum, made up of small stellate 
cells, which vary in their number and in their density in different cortical areas. 
They average 8- 10ft in diameter ; their axons are short and terminate in the 
same layer or in the pyramidal layer. 

(5) The ganglionic layer shows striking differences in different cortical areas. 
In the motor area the characteristic cells of this stratum are the giant pyramidal 
cells of Betz, which vary from 35/x by 17/x to 60ft by 25fc (Bevan Lewis), but 
many smaller cells of varying form are found in the same layer. In other parts 
of the cortex large cells may be entirely absent, or the large pyramidal 
cells may be replaced by large stellate, cells (visuosensory area, p. 993). In 
certain situations the inner band of Baillarger is a recognisable feature in this 
stratum, 

(6) The polymorphous layer is composed mainly of spindle-shaped or fusiform 
cells. These are subdivided into colunms by sheets of radial fibres which tra- 
verse the pol 3 nnorphous layer on their way to and from the more superficial 
layers of the cortex. Most of the axons of the polymorphous cells pass into the 
subjacent white matter, while their dendrites pass towards the surface but 
do not reach the molecular layer. The cells of Martinotti are found in this layer, 
as well as in the superposed layers. They are pyramidal in shape, but their 
bases are directed towards the surface. Their dendrites are short and their 
axons pass into the molecular layer, where they form an extensive horizontal 
arborisation. The cells of Martinotti are most numerous in the piriform area. 
The incoming and outgoing radial fibres vary in density with the fibre wealth 
of the individual area. They include the efferent axons of the cells of the 
ganglionic and of the polymorphous layers and the afferent projection, associ- 
ation and commissural fibres together with the axons of the cells of Martinotti. 
In addition, numerous horizontal fibres intersect the radial fibres. They are 
derived from (d) the branching axons of Golgi cells, type II ; (b) collaterals of 
the axons of the large pyramidal and polymorphous cells and of the cells of 
Martinotti ; and (c) the collaterals of the incoming fibres. 

The cells which constitute the grey matter of the cortex show great variation 
in their size and shape and in the mode of behaviour of their axons and den- 
drites. The pyramidal cells, the cells of Martinotti, and the Golgi cells, type II, 
constitute a very large proportion of the total, (a) The pyramidal cells, 
irrespective of their size and their position, send basal dendrites into the 
surrounding area, and apical dendrites towards the surface, where they term- 
inate by arborising in the molecular layer. Their axons arise from the base of 
the cell or from one of the basal dendrites and run centrally into the deeper 
layers or into the white matter. They give off collaterals, many of which ascend 
to the more superficial strata. (6) The cells of Martinotti may be pyramidal, 
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ovoid or fuaiform in shape. They are characterised by the course of their axons 
which ascend to reach the molecular layer and there divide into tangential 
branches. These cells are found in all the layers of the cortex, but are largest 
and most numerous in the polymorphous layer. Many of the afPerent fibres 


Fig. 896. — diagram showing the layers of cells and fibres in the grey matter 
of the cortex of the human cerebral hemisphere, according to the hist- 
ological methods of Golgi, Nissl and Weigert. After Brodmann ; from 
Luciani’s Physiology (Macmillan & Co., Ltd.). 
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to the cortex terminate by arborising with the dendrites of the cells of Martin- 
otti, and the impulses which they convey are carried by the axons of the same 
cells to the molecular layer where they establish contact with the dendrites 
of the pyramidal cells, (c) The Golgi cells, type II, vary in size and in position. 
They are characterised by the shortness of their axons, which never leave 
the grey substance although they may pass from one layer to another. They 
estabhsh connexions between cells in the same layer and also between cells 
in different layers. It is believed that the small cells which form the granular 
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layers come into sjmaptic association with the incoming itinerant (projection), 
commissural and association fibres. They therefore act as the receptors and 
distributors of afferent impressions to the cortex. 

The researches of Bevan Lewis, Bolton, Campbell, Brodmann, Etconomo and 
Elliot Smith into cortical structure, the embryological investigations of Plechsig 
and the experimental work of Sherrington and many others, have shown that 
the cortex of the cerebral hemispheres can be mapped out into areas which 
differ from one another in the details of their structure, in the period of the 
myelination of their efferent fibres and in their functional significance. Econ- 
omo has mapped out more than 100 different areas as the result of a histological 
survey of the cortex, and certain of these areas are so important from the funct- 
ional standpoint that, although the structure of the cortex in general has 
already been described, further reference must be made to these local variations. 

Of the five fundamental types which Economo recognises in the cortical structure of 
the neopallium, the agranular and the granulous varieties are the most distinctive, as they 
represent the extremes of the variations which occur. (1) The (igranular ty'pe is marked by 
the almost complete absence of the granular cells, which are replaced by p3rranudal elements. 
This type of cortex is found in the motor and psychomotor areas. (2) The granuLous ty^pe 
is marked by the depth and density of the granular layers, by the reduction in the number 
of the pyramidal elements and by the diminution in the total depth of the cortex. It is 
found in the strictly sensory areas, viz. the somesthetic, the visuosensoiy or striate, and the 
auditosensory areas.* 

The precentral area includes the precentral gyrus and the posterior portions 
of the superior, middle and inferior frontal gyri (Campbell). The whole of this 
area is characterised by the almost complete absence of the granular layer. It 
is subdivisible into posterior and anterior parts. The posterior part does not 
reach so far forward as the precentral sulcus, and it is characterised by the giant 
pyramidal cells of Betz, which are found in the ganglionic layer. These large 
cells are more numerous in the upper part of the area, and their axons form 
the great cerebrospinal (pyramidal) motor tract. The whole area shows a great 
wealth of iutracortical fibres, and the molecular layer is 'unusually dense. Ex- 
perimental evidence has shown that this area controls the volitional movements 
of the opposite half of the body, and that the upper end of the precentral gyrus 
and the adjoining portion of the paracentral lobule control the movements of 
the lower limb. Below, and in the order given, are found the centres for the 
trunk, the upper limb, mouth, lips, tongue and larynx.f The largest Betz cells 
(60/a by 25/a) are found in the lower limb area, and the smallest (35/a by 17/a) 
in the areas associated with the face and tongue. 

Emphasis must be laid on the fact that it is movements and not individual 
muscles which are represented in the cortex, and in this connexion it may be 
mentioned that whereas the estimated number of motor cells in the anterior 
grey column of the spinal cord is between 250,000 and 300,000, the number of 
Betz cells is estimated at rather less than one-tenth of that figure. It is clear, 
therefore, that each Betz cell must control the activities of approximately ten 
anterior column cells. 

The anterior part of the precentral area resembles the posterior part in 
every respect, except for the absence of the giant cells of Betz. The two areas 
stand in very intimate relationship to each other from the functional stand- 
point, but the precise relationship is by no means easy to define. Some idea 
may be conveyed by the statement that, whereas the posterior part of the 
precentral area is responsible for individual movements, the anterior part is 
responsible for the control of the orderly series of movements which constitute 
acts. The young child experiences no difficulty in carrying out individual 
movements, but he has to learn by repeated efforts how to carry out even the 
simplest acts such as putting on or buttoning a coat. Every act is a complicated 
series of movements which must be carried out in their proper order and to 
their proper extent, and forms a sort of pattern which is capable of registration. 

* C. von Economo, The Cytoarchitectonics of the Human Cerebral Cortex, Oxford Univ- 
ersity Press. 1929. 

t Immediately in front of the upper limb area, there is an area for the control of the 
movements of the head and conjugate movements of the eyes. 
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All skilled acts must be learned, and their mastery means that their pattern 
has been impressed on the cortical cells in the anterior part of the precentral 
area. 

The condition of apraxia, which is normal in the young child, is met with in 
later life as a pathological condition, indicating a cortical or subcortical lesion 
in the neighbourhood of the area under consideration. Such patients are 
able to carry out individual movements without difficulty, but they cannot 
perform a simple act such as lighting a pipe. 

These two areas are frequently referred to as the motor and the psychomotor 
areas. 

The frontal area, which is one of the important association areas of the 
brain, extends from the psychomotor region to the frontal pole and includes 
those portions of the frontal lobe which appear on the medial and orbital 


Fio. 897. — ^The areas of localisation on the lateral surface of the left 
cerebral hemisphere. 


Motor area in red. Area of general sensations in blue. Auditory area in green. Visual area in yellow 
The psychic portions are in lighter tints. 



surfaces. It has been subdivided into frontal and prefrontal areas, but in the 
present state of knowledge of the functions of this wide area little advantage 
is to be derived from this subdivision. p 

Histologically this area differs from the adjoining precentral area in the 
reappearance of the granular layer and in the dimunition of the number of 
intracortical fibres. The ganglionic layer shows a corresponding reduction in 
the size and number of its constituent cells. Further, the polymorphous layer 
is considerably reduced in depth. 

The functions of the frontal area are difficult to analyse and define and, 
because of the absence of gross symptoms following injury and disease, it was 
long known as the silent area of the brain. 

In view of the fact that the frontal area is connected to the somesthetic, 
visual, auditory and other sensory areas by association fibres and to the thalamus 
by itinerant fibres, it has been urged that this silent area pf the brain analyses 
the afferent impressions which come to it into those which arouse feelings 
of pleasure and well-being and those which are unpleasant or distasteful. It 
determines the personal reaction of the individual according to the altera- 
tions in feeling tone, modified or intensified, as the case may be, by the 
effects of past experience, and it is therefore responsible, in a general way, 
for behaviour and conduct. It is also concerned with attention and the 
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power of conceixtration. This view receives considerable support from clinical 
evidence. Lesions of the frontal area, whether cortical or subcortical, com- 
monly result in some alterations in the character of the patient — alterations 
which may be so slight as to be recognised only by his intimates, or may be 
so gross as to be obvious to any observer. 

The postcentr^ area occupies all but the lowest part of the postcentral 
gyrus and is continued over the supero-medial border into the adjoining part 
of the paracentral lobule. It is divis- 

ible into anterior and posterior parts, Fiq. 898.— The difierent parts of the motor 
which show certain differences in struc- area of cerebral cortex, 

ture and play related though distinct 
parts in the reception and apprecia- 
tion of somesthetic impressions. The 
anterior part is characterised by the 
number of characteristic cells in the 
pyramidal layer, by the density of the 
granular layers and by the breadth of 
the outer band of Baillarger. The 
largest ceUs are found in the ganglionic 
layer, but they are smaller than the 
giant cells of Betz and they occur dis- 
cretely instead of in small clusters. In 
the posterior part the large pyramidal 
cells are reduced both in size and num- 
ber, and the inner granular layer, 
though rather wider, is not so densely 
packed with cells. 

The postcentral area receives afferent 
fibres from the thalamus which rep- 
resent the relays of the somesthetic 
fibres of the spinal cord and brain-stem. 

Both exteroceptive and proprioceptive sensations stream into the postcentral 
area and receive their full recognition in consciousness. The anterior part of 
the area may be regarded as the actual receiving area for all varieties of 
somesthetic sensibility, and the posterior part of the area relates them with 
past experience and so renders possible their evaluation and discrimination. 
It is therefore responsible for the tactile element in sterognosis, i.e. the recog- 
nition of texture, in its widest sense, without the aid of vision. 

The visual area of the cortex includes the greater part of the occipital lobe, 
and is subdivided into the visuosensory or striate area and the visuopsycMc area. 

The visuosensory area occupies the walls of the postcalcarine sulcus and 
extends on to the surface of the cimeus above and the lingual gyrus below. 
Posteriorly it may not extend beyond the occipital pole ; when it does extend 
on to the lateral surface it is limited by the lunate sulcus in front, and by the 
polar sulci above and below. Anteriorly the visuosensory area occupies the 
floor of the calcarine sulcus and the adjoining part of the lingual gyrus. The 
whole of this area is characterised by the conspicuous visual stria, which is 
quite obvious to the naked eye, and by the shallowness of the cortex. Over the 
anterior part of the area the stria is broad and a darker strip lies on its inner side. 
In the polar region and on the lateral aspect of the hemisphere, the stria 
becomes narrower and the accompanying dark band disappears. This change 
in the character of the stria corresponds to a difference in the retinal relation- 
ships of the striate area {vide infra). Histologically the visuosensory area 
presents four distinguishing features. (1) The deeper part of the pyramidal 
layer contains a few large stellate cells which almost entirely replace the large 
pyramidal cells normally found in this position. They are horizontally placed 
and are regarded by Cajal as specific visual ceUs. (2) The outer band of Baill- 
arger is broad and conspicuous, constituting the visual stria (Gennari). (3) The 
ganglionic layer contains the solitary cells of Meynert. These are pyramidal in 
shape, measuring about SO/x,, and are arranged in a single, widely spaced, row. 
(4) The outer and, more especially, the inner granular layers are very conspicuous 
and the small cells which they contain are closely packed together. The 
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enormous number of these diminutive elements is a cha/iacteristic feature and 
will be appreciated more fully when it is stated that the striate area contains 
Q^ppPQximately one- tenth of the total number of the cells in the cerebral cortex. 
The inner granular layer appears to be duplicated. 

The visuosensory area is the cortical receiving centre for visual impressions. 
Colour, size, form, motion, illumination and transparency are aU recognised 
and appreciated in this area. The recognition and identification of objects, 
however, req^uires the co-operation of the adjoining visuopsychic area. 

Owing to the partial decussation of the fibres of the optic nerve (p. 967), the 
visuosensory cortex of one hemisphere receives its impressions from the temporal 
part of the retina of the same side and from the nasal part of the retina of the 
opposite side. The upper lip of the postcalcarine sulcus is associated with the 
upper quadrants indicated, and the lower lip with the lower quadrants (fig. 883). 
The area for the macula occupies the polar region, extending backwards to the 

Fig. 899.— The areas of localisation on the medial surface of the left 
cerebral hemisphere. 



lunate, upwards to the superior polar and downwards to the inferior polar 
sulcus. Elliot Smith * estimates that the macular cortical area is as extensive 
as the whole peripheral retinal area. 

The visuopsychic area surrounds the visuosensory area except in its anterior 
part. In this situation it is restricted to the adjoining lingual and medial 
occipitotemporal (fusiform) gyri (fig. 899), and does not extend above the 
calcarine sulcus. The cortex of this area is rather shallower than the cortex 
of the visuosensory area and is characterised by the breadth of the outer band 
of Baillarger, which is just as broad as it is in the visuosensory area, though its 
edges are not quite so sharp. Histologically this area is marked by the number 
and size of the cells in the deeper part of the pyramidal layer, and by the almost 
complete absence of large cells from the ganglionic layer. 

This area is responsible for the correlation of visual impressions and their 
association with past experience, leading to the identification and recognition 
of objects. The determination of distance and the proper orientation of 
objects in space is efiected by the visuopsychic area. 

The parietal area is situated between the visual area behind and the post- 
central area in front, and constitutes one of the large association areas of the 
hemisphere. Histologically this area is characterised by the absence of large 


* Journal of Anatomy, vol. Ixiv. 1930. 
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elements from the ganglionic and. pyramidal layers and by the breadth of the 
inn er band of Baillarger . The outer and inner granular layers are well developed . 

Owing to its position relative to the visual, somesthetic and auditory areas, 
the parietal area is advantageously situated for the purpose of correlating 
items of information obtained from these sensory centres. It is through the 
activities of this part of the brain that accurate knowledge of objects and their 
significance is obtained and retained. The connexion of the middle part of 
the inferior parietal lobule (angular gyrus) with the pulvinar (p. 958) has 
suggested the possibility that it is responsible for the visual element in stereo- 
gnosis, i.e. it enables tactile impressions to be associated with former visual 
impressions so that the size and shape of an object can be determined by touch 
alone and unaided by vision. The associations between the three great sensory 
areas are so many and complicated that they have defied complete analysis. 
Reading, for example, demands the association of visual and auditory impress- 
ions if it is to convey any intelligent meaning, and the playing of musical 
instruments requires the association of tactile and auditory impressions. 

The auditory area of the cortex is associated with the superior temporal 
gyrus and the transverse temporal gyri. Like the visual area, it can be sub- 
divided into a sensory and a psychic part, the latter adjoining and to a large 
extent surrounding the former. 

The auditosensory area occupies the anterior transverse temporal gyrus, 
which lies in the floor of the posterior ramus of the lateral sulcus (fig. 890), and 
extends for a short distance and over a limited area on to the lateral surface of 
the superior temporal gyrus. Histologically this area of the cortex is charac- 
terised by the arrangement of its cells in columns set at right angles to the 
surface, by the thickness of the outer and inner granular layers, and by the 
great number of fibres which are found throughout its whole depth. 

Afferent fibres reach the audit30sensory area from the medial geniculate 
body. After traversing the posterior limb of the internal capsule, these fibres 
sweep below the posterior part of the lentiform nucleus and form the auditory 
radiation. 

In the auditosensory area auditory impressions reach consciousness as 
sounds, and their loudness, quality and pitch can be differentiated. The 
direction from which the sound comes and its character, whether rhythmical 
or arrhythmical, are also determined by this part of the cortex. The sig- 
nificance and the source of the sound, however, require the adjoining audito- 
psychic area for their elucidation. 

The auditopsychic area occupies the whole of the remainder of the superior 
temporal gyrus. Histologically it resembles the auditosensory cortex, but 
the granular layers are shallower and the pyramidal layer is deeper. In this 
area auditory impressions receive their interpretation and can be differentiated 
from one another, as regards their probable source and origin, by association 
with past experience. 

The large temporal area, which includes the whole of the middle and inferior 
temporal gyxi, is very similar to the auditopsychic area in its cortical structure. 
Lesions of this area are accompanied by a more or less marked disturbance of 
the auditopsychic functions, but it must be confessed that our knowledge of 
the functional significance of this large part of the cortex is very meagre. 

The insular area comprises the whole of the insula. Histologically two 
types of cortex are recognisable. The structure of the cortex of the long gyri 
show many points of resemblance to that of the temporal area, whereas the 
cortex of the short gyri is more closely allied to the cortex of the hippocampal 
gyrus. The functions of this cortical area are unknown. 

The structure of the rhinencephalon. — ^The laminated arrangement which is 
characteristic of the cerebral cortex is considerably modified in the rhinen- 
cephalon. It is found in a different form in the olfactory bulb, but it is almost 
unrecognisable in the indusium griseum of the corpus callosum, and it is archaic 
in type in the dentate gyrus and the hippocampus. 

The olfactory bulb. — In many animals the olfactory bulb contains a cavity 
which communicates with the lateral ventricle through a hollow olfactory 
tract. In man the walls of the bulb become thickened, the ventral wall more 
so than the dorsal wall, and the cavity is obliterated, and its site is occupied 
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by a mass of neuroglia. A section through the bulb demonstrates the presence 
of stratification, and the following layers can be identified : (1) a layer of 
olfactory nerve-fibres. — -These fibres are the nonmeduUated axons of the olfactory 
cells in the nasal mucosa, and they reach the bulb by passing through the 
cribriform plate of the ethmoid bone. They cover the inferior surface of the 
bulb and penetrate it to end by forming tuft-like synapses with the dendrites 
of its mitral cells. (2) Glomerular layer. — ^This layer contains numerous spher- 
oidal bodies, termed glomeruli, formed by the branching and interlacement 
of one or more olfactory nerve-fibres with the descending dendrite of a mitral 
cell. (3) The molecular layer. — ^This layer consists of a matrix of neuroglia, 
in which the large, mitral cells form a densely packed stratum. These cells are 
pyramidal in shape, and from the basal part of each there arises a stout dendrite 
which descends into the glomerular layer and ends in one of the glomeruli. 
In addition, the mitral cells give off dendrites which terminate in the molecular 
layer. Their axons arise from the apices of the cells and proceed upwards into 
the next layer where they turn backwards to gain the olfactory tract. (4) Nerve- 
fibre layer. — This layer consists chiefly of the medullated axons of the mitral 


Fia. 900. — A coronal section through the olfactory bulb. (Schwalbe.) 
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cells ] a certain number of afferent fibres are also present, passing to end in the 
molecular layer. Most of these are derived from the olfactory bulb of the 
opposite side and cross the median plane in the anterior commissure. (5) Neuro- 
glial layer. — A flattened ovoid mass of neuroglia occupies the site of the original 
cavity of the bulb, and is covered on its dorsal or upper aspect by a thin layer 
of scattered grey and white matter. 

The regions of the olfactory pyramid and tubercle and, in fact, the whole of 
the anterior perforated substance, are irregularly broken up by bands of fibres 
and blood-vessels so that their structure shows no constant or regular arrange- 
ment. They are poorly developed areas in the human brain. 

The piriform area shows a definitely stratified arrangement, which differs 
in certain respects from the cortex of the neopallium. The molecular layer 
is unusually deep and contains a large number of tangential fibres. The 
adjoining layer contains two varieties of cells, each arranged in clumps or cell- 
nests. The larger cells average 28/^ in diameter, are steUate in form and poor 
in Nissl’s bodies. The smaller cells, though pyramidal in form, are smaller than 
the most superficial of the pyramidal cells in the neopallium. The third layer 
is deep, and the cells which it contains are chiefly p 3 a*amidal in shape, and 
their apices point obliquely to the surface. These cells are especially rich in 
basal dendrites. The fourth layer is much shallower and contains remarkably 
few cells, some resembling those of the third layer, while others are small and 
stellate in shape. The fifth layer is thicker and contains cells which resemble 
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the pyramidal elements of the third layer. A sixth, deeper, laver of fusiform 
cells is also present. 

This area receives the olfactory neurones of the second order and gives rise 
to those of the third order, which proceed to the hippocampal formation. 

The Mppocampus is more primitive in its structure than the piriform area 
and consists essentially of three layers. It represents a portion of the cortex 
which has been rolled into the inferior horn of the lateral ventricle and its 
superficial cortical layer lies in relation to the hippocampal sulcus anteriorly 
and to the dentate gyrus posteriorly. The superficial or molecular layer is 
unusually deep and is densely packed with tangential fibres. It is usually 
described as consisting of a superficial part, named the stratum moleculare, and 
a deep part, named the stratum lacunosum. This is succeeded by a thick layer 
of large 'pyramidal cells ^ which give off long apical dendrites into the molecular 
layer. Their basal axons run centrally through the succeeding polymorphous 


Fig. 901. — Diagram of a coronal section through the hippocampus. After 

Villiger. 



layer and pass into the subjacent white matter, which here constitutes the 
alveus. The numerous apical dendrites which are crowded together in the super- 
ficial part of this pyramidal layer have given rise to its subdivision into a 
stratum radiatum (or dendritic part) and a stratum lucidum (or cellular part). 
The third layer contains polymorphous cells some of which are cells of Martin- 
otti. Here, as elsewhere, they send their axons into the molecular layer. Others 
are aberrant pyramidal cells, while others, again, send their axons into the 
pyramidal layer, where they end by arborising around the pyramidal cells. 

The white fibres of the alveus cover the polymorphous layer and separate it 
from the ependyma on the free, ventricular surface of the hippocampus (fig. 901 ). 

The dentate gyrus also consists of three layers, viz. a molecular layer, a 
granular layer and a polymorphous layer. The molecular stratum is well 
developed, and receives the dendrites of the cells of the second layer. These 
are, for the most part, smaU granule-cells, but a number of large pyramidal 
cells are found amongst them. The axones of these cells traverse the third, 
or polymorphous layer, and then enter the adjoining molecular layer of the 
hippocampus (fig. 901), through Vhich they pass to reach the pyramidal layer, 
where they terminate by arborising round the large pyramidal cells. These 
axons are characterised by small varicosities which are placed on them as they 
run in the pyramidal layer. The third, or polymorphous layer, contains 
many Golgi cells, type II, and many cells which send their axons through the 
adjoining layers of the hippocampus to reach the alveus. 

The curious interlocking which occurs in the region of the hippocampus and 
the dentate gyrus (fig. 901) requires explanation. As the hippocampal form- 
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ation becomes defined, the cells which ultimately form the dentate gyrus lie on 
the fringe of the pallium and immediately adjoin the choroidal fissure. The 
constituent cells of the formation proliferate rapidly, and as a result they form 
an elevation which protrudes into the cavity of the ventricle. The cells which 
form the intermediate layer of the hippocampus are directly continuous with 
the granular layer of the neopallium on the one hand and with the intermediate 
layer of the dentate gyrus on the other. As growth proceeds, however, the 
continuity with the cells of the dentate gyrus is broken, and the latter, as seen 
on transverse section (fig. 901), forms an isolated strip which has all the 
appearance of being inserted, secondarily, into the infolded cortex of the 
hippocampus. As a result, the molecular layer of the dentate gyrus is in direct 
contact with the corresponding layer of the hippocampus. The hippocampal 
sulcus, when it is present, intervenes between them. The polymorphous layer 
of the dentate gyrus is also in contact with the molecular layer of the hippo- 
campus, which has extended over its dorsal, or superior, aspect (fig. 901). 


MYBLINATION 

Flechsig has shown that the white fibres of the cerebral hemisphere do not 
aU acquire their myelin sheaths at the same period. The process commences 
in the eighth month of intra-uterine life and involves first the afferent fibres 
passing to the somesthetic area in the postcentral gju^us and the afferent fibres 
to the hippocampal formation. While the nerve-fibres in these areas are 
receiving their medullary sheaths, the process commences in the afferent fibres 
leading to the visuosensory and the auditosensory cortical areas. Myelination 
of the great, efferent cerebrospinal pathway is not completed until the middle 
of the third month after birth. As it is generally believed that nerve-fibres 
are incapable of conducting impulses until they have acquired their myelin 
sheaths, it follows that all the movements which the infant carries out in the 
first two months of life are reflex movements, depending on the spinal cord 
and the brain stem. Subsequently the fibres of the psychic portions of the 
motor and somesthetic areas and of the visuo- and auditopsychic areas acquire 
their sheaths, and it is not' until this process is well established that the child 
is able to benefit by past experience or is able to perform voluntary acts as 
distinct from reflex movements. Last of all, the fibres of the large association 
areas (frontal, parietal and temporal) become myelinated, and in these areas 
the process may not be finally completed until the eighteenth year or even 
later. Complete mental development is not possible until these areas can be 
utilised, and it would appear that there is considerable individual variation in 
the age period at which the myelination of the fibres of the association areas 
is completed. (See also p. 1022.) 


THE CEREBRAL COMMISSURES AND THE SEPTUM LUCIDUM 

At the end of the second month of development the two cerebral hemispheres, 
whose large cavities communicate with the anterior part of the third ventricle, 
are connected to each other by the anterior wall of the third ventricle (lamina 
terminalis) and by the anterior parts of its roof and floor. The roof at this 
stage is formed of a single layer of ependyma only and remains so throughout 
life. It therefore does not offer any pathway to fibres which, arising on one 
side of the cerebrum, are seeking to reach the. other. The floor, on the other 
hand, is actively concerned with the development of the optic chiasma, the 
tuber cmereum and the hypophysis cerebri. It is therefore to the undeveloped 
region of the lamina terminalis that the commissural fibres travel in order 
to gain the opposite side. The earhest commissural fibres to develop are 
associated, as might be expected, with the rhinencephalon, and they constitute 
two distinct bundles. The anterior commissure occupies the lower part of the 
lamina terminalis and consists of fibres which connect the olfactory bulbs, 
the olfactory pyramids and the piriform areas. The second commissural bundle 
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connects the two fornix systems, and through them the hippocampal formations, 
and naturally traverses the upper part of the lamina. It is termed the hip2^o- 
campctl commissure. The development of these commissures leads to local 
thickenings of the lamina terminals, and when the commissural fibres of the 
neopallium develop, they follow the paths which have already been prepared. 
A few fibres from the temporal area join the anterior commissure, but the 
bulk of the neopallial fibres accumulate on the dorsal aspect of the hippocampal 
commissure and develop into the corpus callosujn. In the fifth month the 
corpus callosum forms a curved band which projects forwards from the upper 
part of the lamina terminalis and is in close relationship at its posterior end 
with the upper and posterior part of the hippocampal commissure. The 
cortical area which occupies the angular interval below the projecting anterior 
end of the corpus callosum is named the paraterminal gyrus and it extends 
downwards in front of the whole length of the lamina terminalis. With 
the subsequent formation of the rostrum, which recurves downwards and 
backwards, the connexion between the upper part of the paraterminal gyrus 
and the rest of the area becomes severed. The included portion is thinned out 
and stretched by the general growth of the corpus callosum and the fornix and 
becomes the septum lucidum"^ (septum pellucidum). While these changes, 
which have not yet been observed in their entirety, are occurring at the anterior 
end of the corpus callosum, its posterior end increases rapidly in bulk and to- 
gether with the hippocampal commissure is carried backwards above the epi- 
thehal roof of the third ventricle. As it passes backwards, it lies above the line 
of the choroidal fissure and invades the upper part of the hippocampal for- 
mation, which consequently becomes thinned out on its surface to form the 
indusium griseum. Owing to this backward growth, the corpus caUosum and 
the hippocampal commissure form an additional and secondary roof for the 
third ventricle. It must be remembered, however, that the narrow interval 
between the commissures above and the epithelial roof of the third ventricle 
below is reaUy an extra-cerebral space and that the transverse fissure, which 
lies below the splenium of the corpus caUosum and leads into this interval, is 
not a cerebral fissure in the true sense of the words. 

In its backward growth the corpus callosum does not extend so far as the 
low:er part of the choroidal fissure, and it therefore makes no inroad into that 
part of the hippocampal formation which is associated with the mferior horn of 
the ventricle and which gives rise to the dentate gyrus and the hippocampus. 
In the light of the development of the corpus callosum, the continuity of 
the hippocampus and the dentate gyrus with the indusium griseum (p. 985) 
becomes intelligible. 

The corpus callosum is the great transverse commissure which connects 
the cerebral hemispheres and roofs in the lateral ventricles. A good conception 
of its position and size is obtained by examining a median sagittal section of 
the brain (fig. 884). It forms an arched structure about 10 cm. in length, its 
anterior end being about 4 cm. from the firontal poles and its posterior end 
about 6 cm. from the occipital poles of the hemispheres. 

The gpMUy which forms the anterior end, is bent downwards and backwards in 
front of the septum lucidum and, diminishing rapidly in thickness, is prolonged 
backwards to the upper end of the lamina terminalis as the rostrum. The trunk 
arches backwards wdth an upward convexity and terminates posteriorly in the 
splenium, which is the thickest part of the corpus caUosum. A sagittal section of 
the splenium shows that the posterior end of the corpus callosum is bent for- 
ivards acutely, the upper and lower parts being applied closely to each other. 

The upper surface of the trunk of the corpus callosum, which is 2-5 cm. wide, 
is covered by a thin layer of grey substance, termed the indusium griseum. 
This grey covering extends round the genu to the inferior surface of the rostrum, 
and in it are imbedded two fine longitudinal bundles of fibres on each side, 
which are termed the medial and lateral longitudinal strise (p. 986). 

In the median plane the trunk of the corpus callosum forms the floor of the 
longitudinal fissure, and is related to the anterior cerebral vessels and to the 
lower border of the falx cerebri, which may come into actual contact with it 

* A somewhat different view of the origin of the septum lucidum is given by J . Maclaren 
Thompson, Journal of Anatomy, vol. Ixvii. 
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posteriorly. On each side of the median plane the trunk is overlapped by the 
gyrus cinguli, from which it is separated by the slit-like callosal sulcus. 

The inferior surface of the trunk is concave in its long axis and convex from 
side to side. In the median plane, it gives attachment to the septum lucidum 
anteriorly, and the extent of this attachment depends on the length of the 
septum (fig. 884). Posteriorly it is fused with the body of the fornix and 
the hippocampal commissure. On each side of the median plane, the inferior 
surface of the trunk forms the roof of the lateral ventricle (fig. 904) and is 
covered with the ventricular ependyma. 


Fig. 902. — The corpus callosum. Exposed from above. 
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The genu is continuous above with the trunk and below with the rostrum. 
Its anterior surface, which is in relation to the anterior cerebral vessels, is 
covered with the indusium griseum and the longitudinal striae. Its posterior 
surface gives attachment to the septum lucidum in the median plane, and on each 
side it forms the anterior wall of the anterior horn of the lateral ventricle. 

The rostrum connects the genu to the upper end of the lamina terminalis. 
In the median plane its superior surface gives attachment to the septum 
lucidum and, on each side, forms the narrow floor of the anterior horn of the 
lateral ventricle (fig. 916). On the inferior surface of the rostrum the indusium 
griseum and the longitudinal striae are carried backwards to the upper end of 
the paraterminal gyrus. 

The splenium overhangs the posterior ends of the thalami, the pineal body 
and the tectum of the mid-brain. It is, however, separated from them by a 
number of structures. On each side of the median plane the posterior column 
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(crus) of the fomix and the splenial gyrus (fasciola cinerea) (fig. 903) curve 
upwards to reach the splenium. The posterior column of the fomix continues 
forwards on the under surface of the trunk, but the splenial gyrus passes round 
the splemum, rapidly tapering off and fading away into the indusium griseum. In 
the median plane, the tela chorioidea passes forwards below the splenium through 
the transverse fissure and the internal cerebral veins emerge from between its 
two layers and unite to form the great cerebral vein. Superiorly the splenium is 
covered with the indusium griseum and is related to the falx cerebri and the in- 
ferior sagittal sinus in the median plane, and to the gyrus cinguli on each side. 
Posteriorly the splenium is related to the fi:ee margin of the tentorium cerebelli, 
the great cerebral vein and the commencement of the straight sinus. 

The fibres of the corpus callosum radiate into the white matter of the 
hemisphere on each side and pass to the various parts of the cerebral cortex. 


Fig. 903. — dissection of a coronal section of the brain to display the 
splenium of the corpus callosum froiri in front. 
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The posterior portions of the thalami have been removed. Observe that the arrangement of the 
fimbria relative to the dentate gyrus was different on the two sides of this specimen. 


The fibres of the rostrum pass laterally below the anterior horns of the lateral 
ventricles, and connect the orbital surfaces of the two frontal lobes. The fibres 
of the genu curve forwards and connect the lateral and medial surfaces of the 
two frontal lobes, constituting the /orcepd minor (forceps anterior). The fibres 
of the trunk pass laterally and intersect the itinerant fibres of the corona 
radiata (fig. 873). They connect wide cortical areas of the two hemispheres to 
one another. Those fibres of the body and of the splenium which together form 
the roof and lateral wall of the posterior horn, and the lateral wall of the inferior 
horn of the ventricle constitute the tapetum (p. 1004). The remaining fibres of 
the splenium cuiwe backwards and medially into the occipital lobes and form 
the forceps major (forceps posterior). This large bundle of fibres bulges into 
the upper part of the medial waU of the posterior horn of the ventricle and forms 
a curved elevation which is termed the bulb of the posterior cornu. 

The anterior commissure is a bundle of white fibres which crosses the median 
plane in front of the columns of the fornix in the anterior waU of the third 
ventricle (fig. 881). On sagittal section it is oval in shape, its long diameter being 
vertical and measuring about 5 mm. Its constituent fibre bundles are twisted 
like the strands of a rope, and they curve backwards and lateraUy, forming a 
deep groove on the inferior aspect of the anterior part of the corpus striatum 

2x2 
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(fig. 904). Many of the fibres belong to the rhinencephalon and connect the 
olfactory bulbs and pyramids and the piriform areas. Others belong to the 
neopallium and can be traced into the temporal lobes, where they spread out like 
the frayed end of a rope so that their precise connexions are difficult to determine. 

The hippocampal commissure forms a thin sheet of transverse fibres which 
connects the medial edges of the posterior columns of the fornix and is closely 
applied to the under surface of the posterior part of the trunk of the corpus 
caUosum. Its constituent fibres are derived from the pyramidal cells of the 
hippocampus and traverse the alveus and the fimbria m order to reach the 
posterior column of the fornix. Having crossed the median plane in the com- 
missure, they retrace their course on the opposite side and terminate in the 

Fio. 904. — coronal section passing through the brain just behind the optic chiasma 
and exposing the anterior commissure as it crosses the median plane. 
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molecular layer of the hippocampus. This commissure therefore functions as 
the pallia! commissure of the rhinencephalon. 

_ The septum lucidum (septum pellucidum) is a'thin vertical partition, con-, 
sisting of two laminae, separated throughout a greater or lesser part of their 
extent by a narrow interval, termed the cavity of the septum lucidum^ which 
does not communicate with the ventricles of the brain. It is triangular in 
form, with its base in front and its apex behind. It is attached above to the 
inferior surface of the trunk of the corpus caUosum ; below and behind, to 
the anterior part of the fornix ; below and in front, to the upper surface of the 
rostrum of the corpus callosum. The lateral surface of each lamina takes part 
in the formation of the medial wall of the anterior horn and body of the lateral 
ventricle, and is therefore covered with ependyma. 

The laminas contain both grey and white matter, but they are so thin 
that the arrangement of their constituents does not afford much help in 
determining their phylogenetic history. The development of the septum 
lucidum is referred to on p. 999. 
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The lateral ventricles (figs. 907-910).— The two lateral ventricles are 
irregular cavities situated in the lower and medial parts of the cerebral hemi- 
spheres, one on each side of the median plane.’ They are almost completely 
separated from each other by a median vertical partition, termed the septum 
lucidum, but they communicate with the third ventricle and indirectly with 
each other through the interverdricular foramen (p. 969). They are lined with 
ciliated epithehum {ependyma), and contain cerebrospinal fluid, which, even 
in health, may be secreted in considerable amount. Each lateral ventricle 
consists of a central part and three cornua or horns (anterior, posterior and 
inferior) (figs. 907, 908). 


Fig. 906. — scheme showing the relations of the ventricles to the surface of 

the brain. 



The central part (fig, 907) of the lateral ventricle extends from the inter- 
ventricular foramen to the splenium of the corpus callosum. It is an irregularly 
curved cavity, triangular on transverse section, -with, a roof, a floor, and a medial 
wall. The roof is formed by the under surface of the corpus callosum ; the 
floor, which is slightly concave upwards and medially, by the following parts, 
named in their order of position jfrom the lateral to the medial side : the 
caudate nucleus of the corpus striatum, the stria semiciTcularis (stria terminalis) 
and the thalamostriate vem (vena terminalis), the lateral portion of the upper 
surface of the thalamus, the choroid plexus, and the lateral part of the fornix. 
The caudate nucleus becomes rapidly narrower as it is traced backwards in the 
floor, and its long axis is directed laterally as veil as posteriorly. The stria 
semicircularis, a small bundle of white fibres (p. 1014), and the thalamostriate 
vein occupy a narrow groove which follows the medial border of the caudate 
nucleus and separates it from the lateral margin of the upper surface of the 
thalamus. The latter may be almost entirely hidden by the vascular fringe 
of the choroid plexus, which invaginates the ependyma into the cavity through 
the slit-hke interval between the lateral margin of the fornix and the upper 
surface of the thalamus. This ependymal invagination constitutes the choroidal 
fissure. The body of the fornix becomes wider as it is traced backwards, and 
its thin, lateral margin lies parallel with the groove for the stria semicircularis. 
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The medial wall is formed by the posterior part of the septum lucidum. 
Posteriorly, where the septum lucidum ends, the roof and the floor meet one 
another on the medial wall. 

The anterior cornu (fig. 907) passes forwards, laterally and slightly down- 
wards, into the frontal lobe, curving round the large swelling caused by the 
head or anterior end of the caudate nucleus. In a coronal section it appears 
as a triangular slit below the anterior part of the corpus callosum, and it is 
boimded anteriorly by the posterior surface of the genu of the corpus callosum. 
The greater part of the floor is formed by the rounded head of the caudate 
nucleus, but, in its medial portion, a small part is formed by the upper surface 
of the rostrum of the corpus callosum (fig. 916). 

The posterior cornu curves backwards and medially into the occipital lobe. 
Its roof and lateral wall are formed by fibres of the tapetum of the corpus call- 
osum, which separatethem from 

Fig. 906. — drawing of a cast of the ventricular optic rachation (p. 1010). 

cavities. Superior aspect. (Retzius.) . The splemal fibres which con- 

stitute the forceps major pass 
medial to the posterior cornu 
as they sweep backwards into 
the occipital lobe. In this part 
of their course they produce a 
rounded ridge in the upper 
part of the medial wall, which is 
named the bulb of the posterior 
cornu. Below the bulb, a 
second elevation may be identi- 
fied on the medial wall. It re- 
ceives the fanciful name of the 
calcar avis, and it corresponds 
to the infolded cortex of the 
calcarine sulcus (fig. 908). Post- 
eriorly the lateral and medial 
walls meet each other. 

The inferior cornu (fig. 910), 
the largest of the three, tra- 
verses the temporal lobe, form- 
ing in its course a curve 
round the posterior end of the 
thalamus. It passes at first 
backwards, laterally, and down- 
wards, and then curves forwards to within 2*5 cm. of the apex of the tem- 
poral lobe, its position being fairly well indicated on the surface of the brain 
by the superior temporal sulcus. Its roof is formed chiefly by the inferior sur- 
face of the tapetum of the corpus callosum, but the tail of the caudate nucleus 
and the stria semicircularis (stria terminalis) also extend forwards in the roof, 
at the extremity of which they end in a mass of grey matter, named the 
amygdaloid nucleus. Its floor presents the following parts : the choroid plexus, 
the fimbria hippocampi, the hippocampus and the collateral eminence. The 
choroid plexus is a vascular fringe which covers the upper surface of the 
fimbria and the hippocampus. It invaginates the ependymal medial wall of the 
inferior cornu and so forms the lower part of the choroidal fissure. 

The fimbria and the hippocampus have already been considered (pp. 986 
and 987), and a full description of the choroid plexus will be found on p, 1014. 

The collateral eminence (fig. 910) is an elongated swelling lying lateral to 
and parallel with the hippocampus. It corresponds with the middle part of 
the collateral sulcus, and its size depends on the depth and direction of this 
sulcus. It is continuous behind with a flattened triangular area, named the 
trigonum collaterale, situated between the posterior and inferior cornua. 

The white matter of the hemispheres. — If the upper parts of the hemisphere 
be sliced ofl about 1*25 cm. above the corpus callosum, the central white 
matter of the hemisphere is seen as an oval area surrounded by a narrow 
convoluted margin of grey matter, and studded wdth red dots (puncta vasculosa) 




THE WHITE FIBRES OF THE CEREBRUM 


1005 


produced by the escape of blood from divided blood-vessels. If the hemi- 
spheres be sliced off at the level of the corpus callosum, the white matter of 
that structure wiU be seen in continuity with the white matter of the hemisphere 
on each side. The white matter consists of medullated fibres, of varying size, 
supported by neuroglia. These fibres may be divided, according to their course 
and connexions, into three systems : ( 1 ) The commissural fibres connect 
corresponding areas in the two hemispheres to each other. (2) The association 
fibres connect different cortical areas of the same hemisphere to one another ; 


Fig. 907. — The central parts and the anterior cornua of the lateral ventricles; 
Exposed from above. 



some of them are collateral branches of the itinerant (projection) and com- 
missural fibres, but the majority are the axons of independent ^ell^ (3) The 
itinerant (projection) fibres connect the cerebral cortex with the brain-stem 
and the spinal cord. 

( 1 ) The commissural fibres have already been considered (p. 

(2) The association fibres, which are all homolateral, are of two kinds . 
(a) short association fibres, connecting adjacent gyri to one another , ( 6 ) long 
association fibres, connecting more widely separated gyri to one another. 

The short association fibres may be intracortical or they may he immediately 
beneath the cortex and connect adjacent gyri, some merely passmg from one 

wall of a sulcus to the other. , . j- x* 4.1 * 4 . 

The long association fibres group themselves, somewhat md^tmctly, into 
bundles, which can be dissected in the formalin-hardened bram after the cortex 
and the subjacent short association fibres have been removed. The nbres 
in each fasciculus show considerable variation in length, and the longest are 
always situated in the deepest part of the bundle. The Mowing fasciouh can 
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be distingxiished : (a) the uncinate fasciculus ; (6) the cingulum ; (c) the superior 
lon^tudmal fasciculus ; (d) the inferior longitudinal fasciculus ; (e) the fronto- 
occipital fasciculus. 



Fxg. 909. — ^The posterior and inferior horns of the left lateral ventricle. 
Exposed from the side. 
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sharply curved course and cross the floor of the stem of the lateral sulcus. 
They are related to the antero-inferior part of the insTilar area. 

(b) The cingulum is a long, curved bundle which commences on the medial 
surface of the hemisphere below the rostrum of the corpus callosum. It lies 
within the gyrus cinguh and so follows 
the curve of that gyrus. Inferiorly it 
enters the hippocampal gyrus and spreads 
out so as to reach the adjoining parts of 
the temporal lobe. 

(c) The sujperior longitudinal fasciculus 
is the largest of all the association bundles. 

It commences in the anterior part of the 
frontal region and arches backwards above 
the insular area and lateral to the base 
of the corona radiata (p. 1009). After 
giving off a number of fibres to the occi- 
pital cortex, it curves downwards and 
forwards behind the insular area and 
spreads out into the temporal lobe. 

(d) The inferior longitudinal fasciculus 
commences near the occipital pole and 
its fibres are derived from the whole 
extent of the occipital cortex. They 
sweep forwards, separated from the 
posterior horn of the lateral ventricle by 
the fibres of the optic radiation and 
the commissural fibres of the tapetum, 
and after being crossed by the superior 
longitudinal fasciculus, are distributed 
throughout the temporal lobe. 

(e) The fronto-occipital fasciculus com- 
mences at the frontal pole and passes 
backwards on a deeper plane than the 
separated from it by the base of the corona radiata (p. 1009). It associates itself 
with the lateral border of the caudate nucleus, and is therefore closely related 


Fig. 911. — diagram showing the principal system of association fibres in the cerebrum. 



to the body of the lateral ventricle. Posteriorly its fibres radiate into the 
occipital and temporal lobes in a fan -shaped manner, passing lateral to the 
posterior and inferior cornua, and intersecting and mingling with the fibres of 
the tapetum of the corpus callosum. 


Fig. 910. — ^The posterior and inferior 
horns of the right lateral ventricle. 
Exposed from above. 



superior longitudinal fasciculus and 




Fig, 913, — A dissection showing the course of the cerebrospinal fibres. 
(E. B. Jamieson.) 
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(3) The itinerant fibres (projection fibres) connect the cerebral cortex with 
the lower parts of the brain (including the diencephalon) and the spinal cord, 
and include both corticofugal and corticopetal fibres. 

The itinerant fibres of the arckipallium form the fornix, which has been 
considered elsewhere (p. 986). 

The itinerant fibres of the neopallium converge from all directions on the 
corpus striatum (fig. 914). For the most part they lie deep to the association 
fibres, and they intersect the commissural fibres of the corpus callosum and the 


Fig. 914. — A horizontal section through the right cerebral hemisphere. 
Superior aspect. 
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anterior commissure. As they approach the periphery of the corpus striatum, 
they emerge from this intersection and form the corom radiata. The medial 
aspect of the corona radiata is separated from the lateral ventricle by the 
fronto-occipital fasciculus, and its lateral aspect is covered by the superior 
longitudinal fasciculus. Below, the corona radiata is directly continuous with 
the internal capsule, a thick, curved band of white matter which comprises 
all the itinerant fibres of the neopallium, and which cuts into the corpus 
striatum, dividing it almost completely into two parts, viz. the lentiform and 
the caudate nuclei. 

A transverse, horizontal section through the cerebral hemisphere shows the 
internal capsule as a broad band of white fibres, bent with an outward concavity, 
which accommodates itself to the convex medial surface of the lentiform 
nucleus (fig. 914). It can therefore be divided into an anterior limb (frontal 
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part), a genu, a posterior limb (occipital part) and a retrolentiform part. The 
anterior limb is interposed between the lentiform nucleus on the lateral side 
and the head of the caudate nucleus on the medial side. The posterior limb 
has the thalamus on its medial side and the lentiform nucleus on its lateral 
side. The fibres of the internal capsule continue to converge as they pass 
downwards, and at the same time the frontal fibres tend to pass backwards 
and medially, while the occipital fibres pass forwards and laterally. At the 
lower limit of the lentiform nucleus, they are crossed by the optic tract and 
enter the mid-brain. The corticofugal fibres enter the base of the cerebral 
peduncle, where the frontal fibres are placed to the medial side and the 
occipital fibres to the lateral side. The corticopetal fibres ascend from the 
tegmentum. 

The anterior limb of the internal capsule contains : (1) frontopontine fibres, 
which arise in the cortex of the frontal area and are relayed in the nuclei pontis 

to the cerebellar hemisphere of 
the opposite side ; (2) tTbaiamo- 
cortical fibres, which arise, foi: the 
most part, in the medial nucleus 
of the thalamus and proceed to 
the frontal area. 

The genu, posterior limb and 
retrolentiform part contain : (1) 
the great motor pathway, which 
arises from the Betz cells of the 
precentral area. These fibres 
occupy the genu and rather more 
than the anterior half of the 
posterior limb. Experimental 
work has shown that the fibres 
are grouped in a definite manner 
in the internal capsule. The 
eyes, head, mouth, tongue and 
larynx are represented in the 
genu and adjoining part of the 
posterior limb ; posterior to these 
are the fibres which represent 
the neck, upper limb, trunk and 
lower limb, in that order. 

(2) TJwblamocortical fibres, 
which arise in the lateral nucleus 
of the thalamus and traverse 
the posterior limb to reach the corona radiata and, subsequently, the post- 
central gyrus, the parietal association area and the lips of the lateral sulcus. 
Many of these fibres are intermingled with the motor fibres, but others occupy 
a more posterior position. 

(3) Temporopontine fibres, which arise in the cortex of the temporal lobe 
and are relayed in the nuclei pontis to the opposite side of the cerebellum. 

(4) Fibres of the auditory radiation, which arise in the medial geniculate 
body and traverse the posterior part of the internal capsule . They sweep laterally 
and forwards, below and behind the lentiform nucleus, to gain the audito- 
sensory area. 

(5) Fibres of the optic radiation, which arise in the lateral geniculate body 
and sweep backwards through the retrolentiform part of the internal capsule, to 
reach the visuosensory area. In theic course they are intimately related to the 
posterior horn of the ventricle and are only separated from it by the tapetum 
(fig. 914). Some of the fibres of the optic radiation are corticofugal and are 
destined for the superior corpus quadrigeminum and, possibly, the pulvinar 
(p. 958). 

(6) Corticothalamic fibres, which arise chiefly in the temporal and occipital 
areas and pass to the lateral nucleus of the thalamus. 


Fig. 915. — Scheme showing the difierent parts of 
the internal capsule. 
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THE BASAL NUCLEI 

The basal nuclei (basal ganglia) include those subcortical masses of grey 
matter which are found within the cerebral hemisphere. They comprise the 
corpus striatum, incompletely subdivided into the lentiform and the caudate 
nuclei, the amygdaloid nucleus and the claustrum. 

The coipus striatum is a mass of grey matter which develops in the ventral 
part of the primitive hemisphere in the area immediately adjoining the inter- 
ventricular foramen. It is therefore not far distant from that part of the 
lateral wall of the diencephalon which gives rise to the thalamus. At first the 

Fig. 916. — A coronal section through the anterior horns of the lateral ventricles. 
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corpus striatum is separated from the thalamus by a deep groove on the surface 
of the brain, but as the two masses enlarge, the groove is filled out. The 
thalamus and the corpus striatum therefore come into close contact with 
each other. When the itinerant fibres (projection fibres) develop (p. 121) they 
cut into the corpus striatum and, save in its most anterior part, separate it 
into a lateral part, the lentiform nucleus, and a medial part, the caudate 
nucleus. The cleft so formed passes through the corpus striatum obliquely so 
that the itinerant fibres of the internal capsule separate the lentiform nucleus 
completely from the thalamus. 

The caudate nucleus is an arcuate mass of grey matter, which has already 
been seen m the floor of the anterior horn and body of the lateral ventricle 
and in the roof of the inferior horn. Its massive, rounded head projects into 
the cavity of the anterior horn, forming the greater part of its floor. This 
surface is covered with the ventricular ependyma, and is related above to the 
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corpus callosum. Laterally it is separated from the lentiform nucleus by the 
anterior limb of the internal capsule, but this separation is complete only in its 
upper part. Below, the lateral aspect of the head is directly continuous with 
the putamen of the lentiform nucleus, and over the intermediate area strands of 
grey matter traverse the internal capsule and connect the two nuclei to each 
other (fig. 916). The striped appearance which this region presents has given 
origin to the term corpus striatum. Superiorly the margin of the head is 
related to the fronto-occipital association bundle (p. 1007). Posteriorly the 
head rapidly diminishes in bulk and becomes continuous with the body of the 
nucleus, which lies in the lateral part of the floor of the lateral ventricle. 

The body arches upwards, backwards and laterally. Its medial aspect is 
covered with ependyma and related to the thalamostriate vein (vena terminalis), 
the stria semicircularis (stria terminalis) and the thalamus. Laterally it is 
related to the fronto-occipital bundle above, and to the corona radiata below. 
Posteriorly it turns downwards at the posterior extremity of the thalamus 
and becomes continuous with the tail. 

The tail of the caudate nucleus runs forwards in the roof of the inferior 
horn of the lateral ventricle, with the stria semicircularis to its medial side 
(fig. 903). As the body curves downwards and forwards into the tail it passes 
below the corona radiata, the globus pallidus of the lentiform nucleus and the 
ansa lenticularis (p. 963). Anteriorly the tail of the caudate nucleus is con- 
tinuous with the amygdaloid nucleus. 

The lentiform nucleus is shaped like a biconvex lens, but the curvature 
of its medial surface is sharper than the curvature of its lateral surface. Cut 
on section, it is seen to consist of two portions, which differ from each other 
in their colour. The larger lateral portion, which is dark in colour, is termed 
the putamen ; the smaller medial portion is of a lighter tint, and is termed the 
globus pallidus. 

The lentiform nucleus is completely buried in the substance of the hemi- 
sphere, Laterally it is covered by a thin layer of white matter which con- 
stitutes the external capsule. This sheet is covered on its lateral side by the 
claustrum, which intervenes between it and the subcortical white matter of 
the insula. Medially the lentiform nucleus is in relation to the internal capsule, 
which separates it from the thalamus behind, and from the head of the caudate 
nucleus in front. Round its anterior, superior and posterior margins the nucleus 
is related to the corona radiata. Tlie inferior part of the lentiform nucleus is 
deeply grooved by the anterior commissure as it passes backwards and laterally 
into the temporal lobe (fig. 904), and anteriorly it is continuous with the head 
of the caudate nucleus, A little in front of the groove, the grey matter of the 
corpus striatum is continuous with the grey matter of the anterior perforated 
substance, and the lateral striate arteries, which enter the brain there, run 
laterally and then turn upwards, in close contact with the lateral surface 
of the lentiform nucleus, before they pierce its substance. The lentiform 
nucleus lies above the inferior horn of the lateral ventricle and is separated 
from it by the fibres of the external capsule as they pass medially towards 
the subthalamic region (p. 1014), the tail of the caudate nucleus and the stria 
semicircularis (stria terminalis). More anteriorly, it is separated from the 
amygdaloid nucleus by the ansa peduncularis (p. 957). 

Structure.— The caudate nucleus and the putamen of the lentiform nucleus 
are very sumlar in their histological features, and both differ very conspicuously 
from the globus pallidus. Their constituent nerve-cells are small and they 
show a poverty of nerve-fibres, those that are present forming a finely med- 
ullated plexus. The globus pallidus on the other hand is characterised by the 
j^ssession of large cells, not unlike the motor cells of the anterior grey column of 
the spinal cord. In addition, it is rich in meduUated fibres, which are visible 
to the maided eye where they form the external and internal medullary lamin®. 
The external lamina separates the globus pallidus from the putamen, and the 
internal lamina subdivides it into a larger lateral and a smaUer medial portion 
(hg. 917). ^ ^ 

Connerions .— fibres reach the corpus striatum from the thalamus 
and are distributed to the caudate nucleus, the putamen, and, probably, the 
globus pallidus. There is no clear evidence that cortical fibres either terminate 
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in, or give collaterals to the corpus striatum, and it would appear that the 
thalamus is the principal source of supply. 

The efferent fibres all arise in the globus pallidus, and the^^ pass through the 
internal capsule to reach (1) the thalamus, (2) the hypothalamus and (3) the 
red nucleus. They possess medullated sheaths, but they can be distinguished 
from the fibres of the internal capsule by their smaller size. Many of these 
fibres appear on the mferior aspect of the globus pallidus and pass medially, 
constituting the ansa lenticularis. 

Internuncial fibres connect the caudate nucleus and the putamen to each 
other and to the globus pallidus. They are finely medullated, and in the globus 
pallidus are responsible for the medullary laminse. 

Fig. 917. — A coronal section through the right cerebral hemisphere. Anterior aspect. 
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The internal medullary lanyna of the thalamus was very conspicuous in this specimen. 

Functional significance of the corpus striatum. — ^The palaeostriatum of 
fishes, which corresponds to the globus pallidus in man, receives its afferent 
fibres from the olfactory pathways, and its efferent fibres establish connexions 
with the motor centres in the brain-stem and the spinal cord. There is no 
doubt that it functions as a higher motor centre, enabling olfactory impressions 
to exert a preponderating influence on the animal’s movements. The addition 
of the neostriatum in the reptilian brain is, as has been seen (p. 972), s^chron- 
ous with the passage into the telencephalon of new fibres of thalamic origin, 
and it has been suggested that, owing to the presence of the neostriatum and 
its connexions with both the thalamus and the palseostriatum, visual, tactfie 
and other impressions are able to modify the responses which would otherwise 
result from olfactory stimuli. 

It is clear that the evolution of the neopallium and the process of telen- 
cephalisation have relegated the corpus striatum to a subsidiary role. Despite 
the intimate topographical relationship between it and the insula, no fibre 
connexions have been shown to exist between it and the cerebral cortex. 
Kappers is of opinion that the corpus striatum in the mammalian brain is 
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associated with the sympathetic nervous system, but this view receives little 
support from clinical evidence. Experimental evidence is largely of a negative 
character. Ramsay Hunt, Kinnier Wilson and others have investigated cases 
of degeneration and atrophy of the corpus striatum. Rigidity, which is due 
to hypertonicity, and tremor, which is independent of the rigidity, are constant 
features, whether the neostriatum or the globus palhdus is affected. This 
evidence points to the association of the corpus striatum with the motor 
apparatus. Ramsay Hunt finds that automatic associated movements are 
lost when the globus pallidus is involved and that they are increased and 
accompanied by uncontrolled athetoid* movements when the disease affects 
the neostriatum only. It must be confessed, however, that very little definite 
knowledge is available concerning the functional significance of the large 
nuclear mass formed by the caudate and lentiform nuclei. 

The amygdaloid nucleus is a mass of grey substance which is situated in the 
anterior end of the roof of the inferior horn of the lateral ventricle . Anteriorly and 
superiorly it is continuous with the grey matter of the piriform area and the ant- 
erior perforated substance, respectively. Posteriorly it is continuous with the 
tail of the caudate nucleus. It receives afferent fibres from the olfactory pathway, 
probably secondary olfactory neurones, and sends its efferent fibres backwards 
in the roof of the inferior horn as the stria semicircularis (stria terminalis). 

The amygdaloid nucleus represents the archistriatum, which is differentiated 
in the reptilian brain prior to the neostriatum. Its precise functional sig- 
nificance is obscure. 

The stria semicircularis (stria terminalis) is a small collection of medullated 
nerve-fibres which issues from the posterior end of the amygdaloid nucleus 
and runs backwards in the roof of the inferior horn of the lateral ventricle on 
the medial side of the tail of the caudate nucleus. It follows the curve of the 
nucleus and runs forwards in the floor of the body of the ventricle, occupying 
the groove which separates the caudate nucleus from the thalamus. Below the 
interventricular foramen it gives off some fibres to the anterior commissure 
and turns downwards to enter the hypothalamus, where it ends by sending 
fibres to several of the h 5 pothalamic nuclei. It may therefore be regarded as 
a pathway for the association of olfactory and visceral stimuli. 

The claustrum is a thin sheet of grey matter, co-extensive with the 
insula and the putamen of the lentiform nucleus, from which it is separated 
by the fibres of the external capsule. It is thickest below and in front, where it 
becomes continuous with t^^e anterior perforated substance. Regarded by 
some authorities as belonging to the corpus striatum and by others as a detached 
portion of the insular cortex, it is undoubtedly of cortical origin, but its con- 
nexions and functions are quite unknown. 

The external capsule is a thin layer of white matter which is interposed 
between the lateral aspect of the lentiform nucleus and the claustrum. Accord- 
ing to Meynert the fibres of the external capsule are derived from the fronto- 
parietal operculum of the insula and, after passing* across the lateral surface of 
the lentiform nucleus, they turn medially below the nucleus and the ansa 
lenticularis. Their subthalamic connexions are uncertain. Some of the fibres 
of the anterior commissure are believed to traverse the external capsule. 

The choroidal fissure and the choroid plexus of the lateral ventricle. — 
The choroid plexus of the lateral ventricle is a highly vascular fringe of pia 
mater which projects into the ventricular cavity, invaginating the ependymal 
medial wall of the ventricle before it and receiving from it a complete invest- 
ment (fig. 885). It extends as far forwards as the interventricular foramen, 
where it is continuous with the corresponding plexus of the opposite side. 
Posteriorly it is carried round the posterior end of the thalamus into the 
mferior horn as far as the pes hippocampi. The’ ependyma which covers the 
choroid plexus is an infolded part of the medial wall of the hemisphere, and 
this infolding constitutes the choroidal fissure. The lips of the fissure are the 
lateral edge of the formx and the upper surface of the thalamus, in the body 
of the ventricle (fig. 885), and the edge of the fimbria and the stria semicircularis 
(stria terminalis) in the inferior horn (fig. 918). The two parts of the fissure 

* The term athetoid movements ’ is used to describe repeated, deliberate movements 
of a purposeless character. 
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are directly continuous with each other round the posterior end of the thalamus. 
It will be remembered that the choroidal fissure is the first fissure to appear 
on the surface of the hemisphere (p. 118), and coronal sections across the 
brain of a two-months’ embryo show that the floor of the upper part of the 
fissure is directly continuous with the ependymal roof of the third ventricle, and 
that the vascular pia mater which covers the latter is continued into the chor- 
oidal fissure on each side. At this stage, and prior to the development of the 
commissures and the expansion of the lamina terminals, only one layer of pia 
mater covers the roof of the third ventricle (fig. 152). When the corpus callosum 
grows backwards, it passes above the line of the choroidal fissure and carries 
with it on its under surface a second layer of pia mater (fig. 884). In this way 
two layers of pia mater come to lie above the ependymal roof of the third 
ventricle and on each side they pass into the choroidal fissure to enclose the 
vessels of the choroid plexus (fig. 885). Posteriorly these two layers separate 
from each other. The lower layer follows the roof of the third ventricle to 

Fig. 918. — coronal section through the inferior horn of the lateral ventricle. 
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the pineal body and the tectum of the mid-brain, while the upper layer ascends 
on the back of the splenium and is continuous with the pia mater on the upper 
surface of the corpus caUosum (fig. 884). 

These two layers of pia mater constitute the tela chorioidea of the third 
ventricle. Viewed from above, they form a triangular fold, the rounded apex 
being situated at the interventricular foramen (fig. 919). The edges are irregular 
and contain the vascular fringes of the choroid plexuses of the lateral ventricles. 
The posterior or basal angles are continuous with the vascular fringes of pia 
mater which are invaginated into the inferior horns, but over the central and 
wider part of the base the two constituent layers separate from each other as 
already explained. When the splenium of the corpus callosum is viewed from 
behind, a transverse sht is seen below it. This sht is termed the transverse 
fissure of the brain, but it must be remembered that it is not really a cerebral 
fissure in the true sense of the term, for it does not correspond to any infolding 
of the cerebral cortex. Before the pia mater is removed, the transverse fissure 
leads into the interval between the two layers of the tela chorioidea, and this 
interval is a portion of the extra- cerebral space which has been enclosed by the 
backward growth of the corpus caUosum. 

The choroid plexus consists of minute and highly vascular villous processes, 
each possessing an afferent and an efferent blood-vessel. The arteries of the 
plexus are : (a) the anterior choroid artery, a branch of the internal carotid 
artery, which enters the plexus at the anterior end of the inferior horn ; and 
{b) the posterior choroid, one or two small branches of the posterior cerebral 
artery, which pass into the upper part of the choroidal fissure. The veins 
of the plexus unite to form a single tortuous vessel (choroid vein) which begins 
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in the inferior horn of the ventricle and courses in the plexus to the inter- 
ventricular foramen and there joins the thalamostriate vein (p. 814) to form the 
corresponding internal cerebral vein. The two internal cerebral veins run back- 
wards close to the median plane between the two layers of the tela chorioidea 
of the third ventricle. When the two layers separate below the splenium of 
the corpus callosum, the two veins unite to form the great cerebral vein, which 
curves backwards and upwards behind the splenium to join the straight sinus. 


Fig. 919. — The tela chorioidea of the third ventricle and the choroid plexus 
of the lateral ventricle. 
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The trunk of the corpus callosum has been removed and the body of the fornix 
has been cut across anteriorly and turned backwards. 


The weight of the brain. — The average weight of the brain, in the adult 
male, is about 1380 gms. ; that of the female, about 1250 gms. In the male, 
the maximum weight out of 278 cases was 1840 gms. and the miniTYmm weight 
964 gms. The maximum weight of the adult female brain, out of 191 oases, 
was 1585 gms. and the minimum weight 879 gms. The brain increases rapidly 
during the first twelve months of life, and the brain of a year-old child is on the 
average two and a half times as heavy as the brain of a newly-born infant. By 
the sixth year the brain has reached 85 per cent, or more of its weight in the 
adult. This increase is attributable to the medullation of the nerve-fibres. 
As age advances, the brain decreases slowly in weight ; in old age the decrease 
takes place more rapidly, and may amount to about 28 gms. 

Applied Artatorny. The internal capsule is often the seat of hsemorrhage from the 
lateral striate artery (Charcot’s ‘ artery of cerebral haemorrhage ’), or of thrombosis, 
in patients whose vessels are weakened by old age or disease. A ‘ stroke,’ or ‘ apoplexy,’ 
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is the result ; blood is effused fcom the ruptured vessels and tears up the surrounding 
brain tissue, and also interferes with the neighbouring fibres by the compression set up by 
its mass. If the haemorrhage is sudden and at all large, rapid and complete loss of con- 
sciousness follows, with paralysis of the opposite side of the body and loss of control over 
the sphincters, together with a variable degree of hemiansesthesia. If it is the posterior 


Fig. 920. — The principal motor tracts. (Modified from Poirier.) 



limb of the internal capsule that is involved, the paralysis wiU be more marked in the leg 
than in the arm, and wiU be associated with homonymous hemianopia or blindness of the 
corresponding halves of the two retinae, the patient being imable to see objects on the 
opposite side of the body. 


The Chief Neeve Teaots 

The anatomy of the various parts of the central nervous system having been described, 
a short summary will now be given of the chief ascending and descending nerve tracts 
connecting the brain and the spinal cord. This may be effected most conveniently by 
grouping them as follows : {a) the motor (descending) tracts, (6) the sensory (ascending) 
tracts, and (c) the cerebellar systems (ascending and descending). 
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The Motor Tracts 

Included under this heading are (a) the principal motor tracts, originating in the cerebral 
cortex, and (&) the secondary motor tracts originating in the basal nuclei. 

The principal motor tracts (fig. 920).— The constituent fibres of these tracts are the 
axis- cylinder processes of the cells of !Betz situated in the motor area of the cortex. The 
fibres "converge as they descend thi-ough the corona radiata, and pass between the lentiform 
nucleus and thalamus, in the genu and in the anterior two-thirds of the posterior limlrof 
the internal capsule ; those in the genu are named the geniculate fibres, the others the 
cerebrospinal fi bres. Both sets of fibres proceed downwards, through the middle three-fifths 
of the base of the cerebral peduncle, and then the geniculate fibres cross the median plane, 
and end by arborising around the cells of the motor nuclei of the cranial nerves. The 
cerebrospinal fibres are continued downwards into the pyramid of the medulla oblongata, 
and thence proceed by two paths. The fibres nearest to the anterior median fissure cross 
the median plane, intersecting the corresponding fibres from the opposite side and forming 
the der.iLssation of the pyramids, and descend in the lateral white column of the opposite 
side of the spinal cord, as the lateral cerebrospinal fasciculus (crossed pyramidal tract). 
Throughout the length of the spinal cord, fibres from this tract pass into the grey matter, 
to end by arborising around cells of the anterior horn, or (according to Sharpey-Schafer, 
p. 899) by arborising around cells of the posterior horn. The more laterally placed cerebro- 
spinal fibres do not decussate in the medulla oblongata, but descend as the anterior 
cerebrospinal fasciculus (direct pyramidal tract) ; in each segment of the upper half of 
the spinal cord some of these fibres cross in the anterior white commissure, with the result 
that all end in the grey matter of the opposite side. There is considerable variation in the 
extent to which decussation takes place in the medulla oblongata ; about two-thirds or 
three-fourths of the cerebrospinal fibres usually decussate in the medulla oblongata and 
the remainder in the spinal cord. * 

The secondary motor tracts. — ^While the presence of a motor path distinct from the 
principal motor tracts has for some time been surmised on clinical grounds, it is only 
recently that anatomical details of it have become available, and many of these are still 
under investigation. In this summary it will be sufficient to indicate that the chief nuclei 
on the efferent pathway are the globus pallidus of the corpus striatum and the red nucleus 
of the mid- brain. The main pathway is from the globus paUidus to the red nucleus, and 
thence to the opposite side of the spinal cord by the rubrospinal tract. Subsidiary pathways 
begin in the globus pallidus and run to the subthalamic nucleus and formatio reticularis, 
and proceed by successive neurones downwards to the spinal cord. AH these descending 
fibres ultimately reach and arborise round the motor cells of the cranial nerve nuclei or of 
the anterior grey column of the spinal cord. These pathways are, for the most part, 
entirely independent of the cerebral cortex, and are activated through the substantia 
nigra, the thalamus and the hypothalamus. All the tracts concerned are often grouped 
together under the term, the extrapyramidal system. 

The axons of the motor cells in the cranial nuclei proceed through the cranial nerves, 
while those of the cells in the anterior grey column of the spinal cord pass out in the 
anterior roots of the spinal nerves, forming thus in each instance a final common motor 
pathway, along which impulses are conducted to the muscles of the head, trunk and limbs. 
For clinical purposes the neurones constituting the final motor pathway are grouped as 
the lower motor neurones, while the other neurones of the motor pathway form the group 
of upper motor neurones. 


The Sensory Tracts ^ 

The sensory impulses traversing the cerebrospinal axis may be resolved into the 
following groups: (1) interoceptive, arising in the viscera; (2) proprioceptive, arising in 
the muscles, tendons, joints, etc. ; and (3) exteroceptive, initiated on the surface of the body. 
Exteroceptive sensibility may be subdivided into a cruder (protopathic), and a finer, dis- 
criminative variety. 

( 1 ) Little is known concerning the pathway followed by the interoceptive fibres. (2) The 
proprioceptive fibres are accompanied throughout by the fibres which convey the discrim- 
inative variety of exteroceptive sensibility (p. 883)" They enter the spinal cord through 
the posterior roots of the spinal nerves, and at once divide into descending and ascending 
branches; the descending branches soon enter and ramify in the grey matter; the 
majority of the ascending branches are continued into the posterior white columiis, where 
they join the fasciculus gracilis and fasciculus cuneatus. These fasciculi end by arborising 
around the cells of the nucleus gracilis and nucleus cuneatus in the medulla oblongata 
(fig. 921), and from these cells the fibres of the medial lemniscus take origin and cross to 
the opposite side in the sensory decussation. In its further course the medial lemniscus 
receives fibres from the terminal nuclei of the ordinary sensory cranial nerves of the 
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opposite side. Ascending through the cerebral peduncle the medial lemniscus is carried 
into the thalamus, where its fibres end. Erom the cells of the thalamus the fibres of the 
third link in the chain arise and pass to the cerebral cortex behind the central sulcus. It is 
important to observe that these fibres do not cross the median plane until they reach the 
medulla oblongata, and, therefore, unil ateral lesions of the spinal cord involving the post- 


Fig. 921. — ^The pathway of the fibres conveying proprioceptive and dis- 
criminative sensibility. (Modified from Poirier.) 



erior white column, are accompanied by homolaieral loss of proprioceptive and discriminative 
sensibility. 

(3) Fibres conveying the cruder type of exteroceptive sensibility ascend through two 
pathways in the spinal cord, (a) Fibres conveying 'painful and thermal stimuli are relayed 
in the substantia gelatinosa and the adjoining head of the posterior grey column and cross 
the median plane at or a little above the level at which they enter the spinal cord* They then join 
the lateral spinothalaniio tract." (h) Fibres conveyiv^ tactile ai^ pressurej^^ are relayed in 

the head of the posterior grey column and then ascend for a varying number of segments 



NEUROLOGY 


1020 

before thev cross tlie median plane and pass into the anterior spinothalamic tract.* Both 
spinothalamic tracts ascend through the spinal medulla to the medulla oblongata, where they 
meet and form the spinal lemniscus. At a slightly higher level they are joined by the trigeminal 
lemniscus, which conveys the same varieties of sensibility from the trige m i n al area. In its 
course through the pons and mid- brain, the spinal lemniscus is closely related to the medial 
lemniscus and it terminates above in the lateral nucleus of the thalamus. There the fibres 
are relayed and the fibres of the third neurones pass through the posterior limb of the 
intemal capsule to reach the postcentral gyrus. 

It is important to observe that the fibres conveying painful and thernaal sensations 
cross the median plane soon after entering the spinal cord. Unilateral lesions of the 
spinothalamic tracts are accompanied by contralateral loss of painful and thermal sens- 
ibility. Lesions in the neighbourhood of the commissural grey matter, on the other hand, 
will cause bilateral loss of both forms of sensibility, but the areas affected will correspond 
to the segments involved in the spinal cord. 

It will be observed that in most cases there are three cell-stations interposed in the 
course of the sensory impulses ; for clinical purposes, therefore, three groups of neurones 
are recognised: (1) the lowest sensory neurones, which comprise the cells of the posterior 
root ganglia, and their peripheral and central processes ; (2) the intermediate sensory 
neurones between these and the thalamus ; and (3) the'highest sensory neurones, which are 
the cells of the thalamus and the fibres passing from them to the cerebral cortex. 

The Cerebellar Systems 

The cerebellum exercises such an important influence on muscle tone (p. 937) that 
impulses must be able to reach it from all parts of the cerebral cortex as well as from the 
spinal cord, while impulses are conveyed from it to other co-ordinating and motor nuclei 
in the cerebrospinal axis. Only’ the larger tracts can be summarised here. 

Afferent tracts. — considerable number of afferent impulses reach the cerebellum 
by way of the spinal cord through the flbres of the posterior nerve-roots. In the spinal 
cord there are three main pathways. The entering fibres may end around the cells of the 
thoracic nucleus ; the fibres from these cells form the posterior spinocerebellar tract 
of the same side, and are carried up to the medulla oblongata, where they enter the inferior 
cerebellar peduncle and are conveyed to the cortex of the vermis of the cerebellum. A 
second group of entering fibres arborises around the cells of the posterior grey column of 
the spinal cord ; of the fibres of these cells some cross to the opposite side while others 
pass up the same side, forming an anterior spinocerebellar tract, which traverses the spinal 
cord on the surface of the lateral white colunon, runs through the meduUa oblongata and 
pons, and then turns downwards and backwards to reach the cortex of the vermis by way 
of the superior cerebellar peduncle. The third group of entering fibres runs up in the fascic- 
ulus gracilis and fasciculus cuneatus, and ends in the nucleus gracilis and nucleus cuneatus ; 
relayed there, the fibres pass in the inferior cerebellar peduncle to reach the cerebellar cortex. 

Three important afferent tracts to the cerebellum run from the brain-stem, viz. the 
vestibulocerebellar, the olivocerebellar and the tectocerebellar. The vestibulocerebellar 
tract arises from the vestibular nuclei in the floor of the fourth ventricle, and runs in the 
inferior cerebellar peduncle to the cerebellar cortex. The olivocerebellar tract arises in 
the olivary nucleus, crosses the median plane, and gains the cerebellum through 
the inferior cerebellar peduncle. The tectocerebellar tract has its origin in the cells of the 
corpora quadrigemina and enters the cerebellum through the superior cerebellar peduncle. 

Of the remaming afferent fibres to the cerebellum the most important group is that 
of the cerebro-ponto-cerebeUar tracts. These fibres arise from cells of the cerebral cortex, 
travel downwards through the internal capsule and cerebral pedxmcle, and end by arborising 
round the cells of the nuclei pontis. New fibres arise from the cells of these nuclei, cross 
the median plane, pass through the middle cerebellar peduncle, and end in the cortex of the 
cerebellar hemispheres. 

Efferent tracts. — ^The efferent tracts from the cerebellar cortex originate from the 
Purkinje cells and run to arborise around cells of the cerebellar nuclei ; with the possible 
exception of the flocculus, no fibres pass directly from the cerebellar cortex to the rest of the 
brain or to the spinal cord. Several small groups of fibres arising from the cerebellar nuclei 
run to various nuclei in the cerebrospinal axis, but the chief efferent tract is that which forms 
the greater part of the superior cerebellar peduncle, crosses the median plane, and runs 
mainly to the red nucleus, giving some fibres to the thalamus. From the red nucleus the 
rubrospinal tract arises, crosses to the opposite side, and travels down in the pons and 
meduUa oblongata to the lateral white column of the spinal cord, where it ultimately ends 
aroimd the motor cells in the anterior grey colmrm. 

Other efferent fibres from the cerebellar nuclei pass to the nuclei of the vestibular nerve, 
and are relayed to the spinal cord in the vestibulospinal tract. 

* It should be stated that, whereas the evidence for the existence of the lateral spino- 
thalamic tract is full and convincing, the evidence for the existence of the anterior spino- 
thalamic tract is by no means complete. 
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Myelination of the Fibre Groups of the Spinal Cord and Brain-stem 

According to Lucas Keene and Hewer * the process of myelination in the spinal cord 
and the brain- stem occurs in four distinct stages. During the fourteenth week of intra- 
uterine life myelination commences in the anterior and posterior roots of the spinal nerves, 
in all the cranial nerves (with the exceptions of the optic, the cochlear and the sensory 
part of the trigeminal nerve (p. 1035) and in many of the tracts. Between the twenty- 
second and the twenty-fourth weeks additional fibre groups become affected. The process 
receives a fresh impetus at or just before birth and again about eight months later. 

Depending on the number and on the length of the fibres involved, the period over 
which the process extends may last for from two to ten weeks or more. 

The tracts become myelinated in the following order : 

In the first period : (1) fasciculus cuneatus, (2) posterior spinocerebellar, (3) anterior 
spinocerebellar, (4) lateral spinothalamic, (5) spinotectal, (6) anterior intersegmental and 
(7) the medial longitudinal bundle. 

In the second period : (1) fasciculus gracilis, (2) posterior intersegmental, (3) lateral 
intersegmental, (4) medial lemniscus, (5) olivocerebellar and (6) fasciculus retroflexus. 

In the third period : (1) posterolateral, (2) lateral cerebrospinal (crossed pyramidal), 
(3) rubrospinal, (4) anterior cerebrospinal (direct pyramidal), (5) external arcuate fibres, 
(6) ponticerebellar fibres and (7) corticipontine fibres. 

In the fourth period : the bulbospinal tract (p. 900). 

Applied Anatomy. — The chief symptoms of diseases of the brain and spinal cord 
depend upon the particular systems of neurones picked out for attack, and some of them 
may be briefly summarised as follows. Motor paralysis of the spastic type, with rigidity 
of the muscles and increased reflexes, follows destruction of the upper motor neurones ; 
flaccid paralysis, with loss of the reflexes and rapid muscular atrophy, follows destruction 
of the lower motor neurones. Sensory paralysis follows injury to any part of the sensory 
path ; in tabes it is due to injury of the lowest sensory neurones, in hemiplegia to destruction 
of the highest sensory axon as it traverses the posterior limb of the internal capsule. Dis- 
sociation of sensations^ or the loss of some forms of sensation while others remain un- 
impaired, is seen in a number of conditions such as tabes and syringomyelia ; it shows 
that the paths through which various forms of sensation travel to the brain are different. 
Abnormalities of reflex actions are of very great help in the diagnosis of nervous complaints. 
The numerous superficial or skin reflexes (e.g. the plantar, tickling the sole of the foot brings 
on plantar flexion of the toes), if present, show that the reflex arcs on whose integrity their 
existence depends are intact; but they are often absent in health and so cannot be 
trusted to indicate disease. The deep refines or tendon reactions, such as the knee-jerk, 
or the tendo calcaneus jerk, are increased in chronic degeneration of, or gradually increasing 
pressure on, the cerebrospinal fibres (upper motor neurone). They are lost when the lower 
motor or lower sensory neurones are diseased, and in a few other conditions ; absence of 
the knee-jerk is very rare in health, and suggests disease in some part of its reflex arc, 
in the third and fourth lumbar segments of the cord, or else, more rarely, grave intracranial 
or spinal disease cutting off the lower from the higher nervous centres. The organic 
reflexes of the pupil, bladder, and rectum are of the greatest practical importance. The 
commonest defect in the reflexes of the pupil is reflex iridoplegia, or failure to contract 
on exposure to light, without failure to contract on convergence or accommodation (‘ Argyll 
Robertson ’ pupil). The pupil is also contracted (miosis), and may or may not dilate when 
the skin of the neck is pinched (the ciliospinal reflex). Micturition is a spinal reflex much 
under the control of the brain ; if the centre for micturition in the second sacral segment 
is destroyed the sphincter and the walls of the bladder are paralysed, the bladder becomes 
distended with urine, and incontinence from overflow results. If this centre escapes 
injury but is cut off more or less completely from impulses descending to it from above 
there will be more or less interference with micturition. This varies in degree from the 
‘ precipitate micturition ’ of tabetic patients, who must perforce hurry to pass water 
the moment the impulse seizes them, to the state of * reflex incontinence,’ when the bladder 
automatically empties itself from time to time, almost without the patient’s knowledge. 
Defsecation is a very similar spinal reflex, and is liable to very similar disorders of function. 

The upper motor neurone (p. 1018) is affected in hemiplegia, the lower motor neurone 
(p. 1018) in infantile spinal paralysis ; both these systems of neurones are diseased together 
in the somewhat rare disorders known as amyotrophic lateral sclerosis and progressive 
muscular atrophy. The chief symptom here is wasting and weakness in certain groups 
of muscles ; the palsy will be flaccid, with loss of the reflexes, or spastic, with increased 
reflexes, according as the degeneration mainly involves the lower or the upper motor 
neurone. The sphincters are affected only in the later stages of these diseases. 

Pathological changes in the lowest senscrry neurone are the cause of tabes dorsalis or 
locomotor ataxy, which occurs almost entirely in adults who have had sjrphilis. In the 

* M. F. Lucas Keene and E. E. Hewer, Journal of Anatomy, voJ. Ixvi. 1931. 
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early or pre-ataxic stage the patient may exhibit the Argyll Robertson pnpU (see above) 
and loss of knee-jerks, and complain of sharp, stabbing pains (‘ lightning pains ’) in the 
limbs, difficult or precipitate micturition, and sometimes of severe and painful attacks 
of indigestion (gastric crises). In the second or ataxic stage, coming on perhaps years 
later, he will complain, in addition, of interference with his powers of getting about and 
turning, although his muscular strength is well preserved. He is unable to stand steady 
with his eyes shut or in the dark, his gait becomes exaggerated and stamping in character, 
he has to use a stout stick to walk with, and he may suffer from painful crises in various 
parts of the body. Control over the sphincters is further weakened, and on examination 
there will be found marked incoordination of the limbs, zones of anaesthesia about the 
trunk or down the limbs, and marked analgesia (or insensitiveness to pain) when pressure 
is applied to the bones, tendons, trachea, tongue, eyeballs, mammae and testes.* 


THE MEMBRANES OF THE BRAIN AND SPINAL CORD 

The brain and the spinal cord are enveloped by three membranes [men- 
inges], named from without inwards : the dura mater, the arachnoid mater 
and the pia mater. 


The Dttba Mater 

The dura mater is a thick and dense inelastic membrane. The portion of 
it which encloses the brain (cerebral dura mater) differs in several particulars 
from that which surrounds the spinal cord (spinal dura mater), and therefore 
it is necessary to describe them separately ; the two parts, however, form 
one complete membrane, and are continuous with each other at the foramen 
magnum. 

The cerebral dura mater lines the interior of the skull, and serves the two- 
fold purpose of an internal periosteum to the bones, and a protective membrane 
for the brain. It is composed of two layers, an inner or meningeal and an outer 
or endosteal ; these are closely united, except along certain lines where they 
are separated by the venous sinuses which drain the blood from the brain (p. 814). 
The dura mater adheres to the inner surfaces of the cranial bones, and sends 
blood-vessels and fibrous processes into them, the adhesion being most marked 
at the sutures, at the base of the skuU, and around the foramen magnum. The 
blood-vessels and fibrous processes are torn across when the dura mater is 
detached from the bones, and consequently the outer surface of the membrane 
presents a rough and fibrillated appearance ; the inner surface is smooth and 
lined by a layer of mesothehum. The dm:a mater is continuous through the 
sutures with the pericranium, and through the superior orbital fissure with the 
periosteal lining of the orbital cavity. It provides tubular sheaths for the cranial 
nerves as the latter pass through the foramina at the base of the skuU ; outside 
the skull these sheaths fuse with the epineurium of the nerves ; the sheath of 
the optic nerve is continuous with the sclera of the eyeball. 

The cerebral dura mater sends inwards four processes or septa which divide 
the cranial cavity into a series of freely communicating spaces for the lodgment 
of the subdivisions of the brain. These processes are named the falx cerebri, 
the tentorium cerebelli, the falx cerebelh and the diaphragma seUse. They 
are covered on their free surfaces by mesothelium, and they contain a variable 
quantity of white fibrous and yeUow elastic tissue. 

The falx cerebri (fig. 922), so named from its sickle-like form, is a strong, 
arched process of dura mater which descends vertically in the longitudinal 
fissure between the cerebral hemispheres. It is narrow in front, where it is 
fixed to the crista gaUi of the ethmoid bone ; and broad behind, where it 
is attached in the median plane to the upper surface of the tentorium cerebeUi ; 
the narrow, anterior part is thin, and is frequently perforated by numerous 
apertures. The upper margin of the falx cerebri is convex, and attached to the 
inner surface of the skull on each side of the median plane, as far back as the 
internal occipital protuberance ; the superior sagittal sinus ruiis along this 


J. Grasset, Le Tabes, Maladie de la JSenaibiUtd profonde ; Montpellier, 1909. 
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margin. Its lower margin is free and concave, and contains the inferior sagittal 
sinus. The straight sinus runs along its attachment to the tentorium cerebelli. 

The tentorium cerebelli (fig. 923) is a crescentic, arched lamina of dura mater 
which covers the cerebellum, and supports the occipital lobes of the cerebrum. 
Its concave, anterior border is free, and between it and the dorsum sellse of the 
sphenoid bone there is a large oval opening, named the tentorial notch, which is 
occupied by the mid-brain. Its convex border is attached (a) posteriorly, 
to the lips of the transverse sulci of the occipital bone and the postero-inferior 
angles of the parietal bones, and lodges the transverse sinuses ; (6) laterally, 
to the superior borders of the petrous parts of the temporal bones, where it 


Fia. 922. — The dura mater and its processes. Exposed by the removal of a part of 
the right half of the skull, and the brain. 
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encloses the superior petrosal sinuses. Near the apex of the petrous part of the 
temporal bone the lower layer of the tentorium is carried forwards and laterally, 
below the superior petrosal sinus and the dura mater in the floor of the middle 
cranial fossa, to form the roof of the recess in which the trigeminal (semilunar) 
ganglion and the adjoini^ parts of the roots and divisions of the trigeminal 
nerve are lo^ed. This little recess is termed the cavum trigeminah. Lateral 
to the ganglion, its roof becomes reflected on to the trigeminal impression on 
the apex of the petrous part of the temporal bone and so becomes continuous 
with the dura mater on the posterior aspect of that bone. Anteriorly the 
recess comes mto relation with, and projects into, the cavernous sinus, up which 
It extends for at least one-half of its height.* The lateral wall of the recess is 
a^erent to the^ deep surface of the dura mater which forms the lateral wall of 
the cavernous sinus. At the apex of the petrous part of the temporal bone the 

* B. D. Lockhart, Journal of Anatomy, vol. Ixii. 1927. 
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free aad attached borders of the tentorium cross each other ; the free borders 
are fixed to the anterior, and the attached borders to the posterior, clinoid 
processes of the sphenoid bone. As already described, the straight sinus runs 
in the line of attachment of the posterior part of the inferior border of the falx 
cerebri to the tentorium cerebelH. 

The falx cerebelli is a small, sickle-shaped process of dura mater which is 
situated below the tentorium cerebelli, and projects forwards into the posterior 
cerebellar notch. Its base, directed upwards, is attached to the posterior part * 
of the inferior surface of the tentorium cerebelli, in the median plane ; its 
posterior margin contains the occipital sinus, and is fixed to the internal occipital 

Fig. 923. — The tentorium cerebelli. Superior surface. 
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crest ; its apex frequently divides into two small folds, which are lost on the 
sides of the foramen magnum. 

The diaphragma sellce (fig. 923) is a small, circular, horizontal fold of dura 
mater, which forms a roof for the seUa turcica and almost completely covers the 
hypophysis cerebri ; a small opening in its centre transmits the infundibulum. 


Structure. — ^The cranial dura mater consists of white fibrous tissue and elastic fibres 
arranged in flattened laminae, which are imperfectly separated by lacunar spaces and 
blood-vessels into the endosteal and meningeal layers, already referred to. The endosteal 
layer is the internal periosteum for the cranial bones, and contains the blood-vessels for 
their supply. At the margin of the foramen magnum it is continuous with the pericranium. 
The meningeal later is lined on its inner surface by a layer of nucleated mesothelium. 

The arteries of the dura mater are very numerous. Those in the anterior fossa of the 
skull are the anterior meningeal branches of the anterior and posterior ethmoidal and 
internal carotid arteries, and a branch from the middle meningeal artery. Those in the 
middle fossa are the middle and accessory meningeal branches of the maxillary artery ; 
a branch from the ascending pharyngeal artery, which enters the skull through the foramen 
lacerum ; branches from the internal carotid artery, and a recurrent branch from the 
lacrimal artery. Those in the^posterior fossa are meningeal branches from the occipital 
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artery, one entering the skull through the jugular foramen, and another through the mastoid 
foramen ; the posterior meningeal branches of the vertebral artery ; occasional meningeal 
branches from the ascending pharyngeal artery, entering the skull through the jugular 
foramen and anterior condylar canal. 

The veins returning the blood from the cranial dura mater anastomose with the diploic 
veins and end in the cranial blood-sinuses. Many of the meningeal veins do not open 
directly into the sinuses, but indirectly through a series oi venous lacunce (fig. 926). These 
lacunse are found on each side of the superior sagittal sinus, especially near its middle 
* portion, and are often invaginated by arachnoid granulations ; they communicate with the 

^ploic and emissary veins. tot... 

The nerves of the cerebral dura mater are filaments from the ganglion of the trigeminal 
nerve, from the ophthalmic, maxillary, mandibular, vagus, and hypoglossal nerves, and 
from the sympathetic. 

The spinal dura mater (figs. 924, 927) forms a loose sheath around the spinal 
cord, and represents only the inner, or meningeal, layer of the cerebral dura 

mater ; the outer, or endosteal, layer ceases at the 
Fig. 924.— a portion of the foramen ma^um, its place being taken by the 

spinal cord, showing its periosteum Iming the vertebral canal. The spinal 
dura mater is separated from the wall of the vert- 
ebral canal by a space, named the extradural space, 
which contains a quantity of loose areolar tissue 
and a plexus of veins ; the situation of these veins 
between the spinal dura mater and the periosteum 
of the vertebrae corresponds to that of the cranial 
sinuses between the meningeal and endosteal 
layers of the cerebral dura mater. The spinal 
dura mater is attached to the circumference of 
the foramen magnum, and to the second and third 
cervical vertebrae ; it is also connected by fibrous 
slips to the posterior longitudinal ligament of the 
vertebrae, especially near the lower end of the 
vertebral canal. The subdural cavity ends at the 
lower border of the second sacral vertebra ; below 
this level the dura mater closely invests the 
filum terminale of the spinal cord and descends to 
the back of the coccyx, where it blends with the 
periosteum. The dura mater sends tubular prolong- 
ations on the roots of the spinal nerves and on the 
complete spinal nerves as they pass through the 
intervertebral foramina. These prolongations are 
short in the upper part of the vertebral column, 
but gradually become longer below. 

Structure. — ^The spmal dura mater resembles in structure the menmgeal layer of the 
cerebral dura mater ; it consists of white fibrous and elastic tissue arranged in bands or 
lamellae which, for the most part, are parallel with one another and have a longitudinal 
arrangement. Its internal surface is smooth and covered by a layer of endothelium. It 
is sparingly supplied with blood-vessels and nerves. 

The subdural space is a potential cavity or space between the dura mater 
and the arachnoid mater. It contains a minute quantity of serous fluid which 
moistens the smooth surfaces of the opposed membranes. It does not com- 
municate with the subarachnoid space, but is continued for a short distance 
on the cranial and spinal nerves, and is in free communication with the lymph- 
spaces of the nerves. On the optic nerve it is continued as far as the back 
of the eyeball. 

The Abachnoid Mater 

The arachnoid mater is a delicate membrane enveloping the brain and spinal 
cord and lying between the pia mater internally and the dura mater externally. 
It is separated from the dura mater by the subdural space^ but here and there 
this space is traversed by isolated connective tissue trabeculae which are most 
numerous on the posterior surface of the spinal cord. It is separated from 
the pia mater by the subarachnoid space, which is fliled with cerebrospinal fluid. 
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The arachnoid mater surrounds the cranial and spinal nerves, and encloses 
them in loose sheaths as far as their points of exit from the aVnll and vertebral 
canal. 

The cerebral parf^ of the arachnoid mater invests the brain loosely, and does 
not dip into the sulci between the gyri, nor into the fissures, with the exception 
of the longitudinal. On the upper surface of the brain it is thin and trans- 
parent ; at the base it is thicker, and slightly opaque towards the central part, 
where it extends between the two temporal lobes in front of the pons, so as to 
leave a considerable interval between it and the pia mater. It cannot be 
identified in the hypophyseal fossa. 

The spinal part of the arachnoid mater (figs. 924, 927) is a thin, delicate, 
tubular membrane loosely investing the spinal cord. Above, it is continuous 
with the cerebral arachnoid ; below, it widens out, invests the cauda equina, 
and ends at the level of the lower border of the second sacral vertebra. 

Structure. — ^The arachnoid mater consists of bundles of white fibrous and elastic tissue 
intimately blended together. Its outer surface is covered with a layer of endothelium. 
Vessels of considerable size, but few in number, and, according to Bochdalek, a rich plexus 
of nerves derived from the motor root of the trigeminal, the facial, and the accessory 
nerves, are found in the cerebral part of the arachnoid. 

The subarachnoid space is the interval between the arachnoid and pia 
mater. It contains the cerebrospinal fluid and the larger blood-vessels of 
the brain, and is traversed by a network of delicate connective tissue trabeculae, 
which connect the arachnoid to the pia mater. The pia and the arachnoid mater 
are in close, contact on the summits of the cerebral gyri ; but where the arachn- 
oid bridges the sulci, angular spaces are left, in which the subarachnoid 
trabecular tissue is found. At certain parts of the base of the brain, the arachn- 
oid mater is separated from the pia mater by wide intervals, which commun- 
icate freely with each other and are named subarachnoid cistemce ; in these the 
subarachnoid tissue is less abundant. 

The subarachnoid cistemae (fig, 925). — The cistema cerebellomedullaris is 
triangular on sagittal section, and is formed by the arachnoid mater bridging 
the interval between 

the medulla oblongata 925. — dia^am showing the positions of the three 

and the under surface principal subarachnoid cistern®. 

of the cerebellum ; it is 
continuous below with 
the subarachnoid space 
of the spinal cord. The 
cisterna pontis is an ex- 
tensive space on the 
ventral surface of the 
pons. It contains the 
basilar artery, and is 
continuous below with 
the subarachnoid 
space of the spinal 
cord, behind with the 
cerebellomedullary cis- 
terna, and in front of 
the pons with the cis- 
tema interpeduncul- 
aris. As the arachnoid 
mater extends across 
between the two tem- 
poral lobes, it is separ- 
ated from the cerebral 
peduncles and the 
structures in the interpeduncular fossa by the cistema interpeduncularis. which 
contains the circulus arteriosus. Anteriorly the interpeduncular cistema is 
continued in front of the optic chiasma and is prolonged on the surface of 
the corpus callosum ; here the arachnoid mater stretches between the cerebral 
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hemispheres immediately below the free border of the falx cerebri, and this 
leaves a space in which the anterior cerebral arteries are contained. The cis- 
terna of the lateral sulcus contains the middle cerebral artery, and is formed 
in front of each temporal lobe by the arachnoid mater bridging the lateral 
cerebral sulcns. The cisterna vence magnce cerebri occupies the interval be- 
tween the splenium of the corpus callosum and the superior surface of the cere- 
bellum ; it contains the great cerebral vein. 

The subarachnoid space communicates with the general ventricular cavity 
of the brain by three openings : one, the median aperture, is in the median plane 
at the inferior part of the roof of the fourth ventricle ; the other two are at 
the extremities of the lateral recesses of that ventricle, behind the upper roots 
of the glossopharyngeal nerves (p. 940). There is no direct communication 
between the subdural and subarachnoid spaces. Communications exist between 

Fig. 926. — coronal section through the top of the skull, showing the membranes 
of the brain, etc. Diagrammatic. (Modified from Testut.) 

Cerebral vein 



the tissue spaces in the nasal mucous membrane and the subarachnoid space 
through channels which are present along the course of the olfactory nerves. 

The spinal part of the subarachnoid space is a wide interval, and is largest 
at the lower part of the vertebral canal, where the arachnoid mater encloses the 
nerves which form the cauda equina. Above, it is continuous with the cranial 
subarachnoid space ; below, it ends at the level of the lower border of the second 
sacral vertebra. It is partially divided by a longitudinal septum, named the 
subarachnoid septum, wWch connects the arachnoid with the pia mater opposite 
the posterior median sulcus of the spinal cord, and forms a partition, incomplete 
and cribriform above, but more complete in the thoracic region . The spinal sub- 
arachnoid cavity is further subdivided by the ligamentum denticulatum (p. 1030). 

The arachnoid granulations (fig. 926) are small fleshy-looking elevations, 
usually collected in clusters, which are present in the vicinity of the superior 
sagittal, transverse, and some other sinuses. When the sagittal sinus and the 
venous lacunsB on each side of it are opened, granulations will be found pro- 
trud-tug into their interior. On close inspection they may be seen at the age 
of eighteen months, and at the age of three they are disseminated over a 
considerable area ; they increase in number and size as age advances. They 
are enlarged, or distended, normal villi of the arachnoid mater ; they cause 
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absorption of the bone, and so produce the pits or depressions on the inner 
aspect of the skuU-cap. 

Structure. ^The growth and structure of the arachnoid granulations have been described 
by le Gros Clark.* Histologically each ^anulation appears as a diverticulum of the sub- 
arachnoid space, penetrating into the interstices of the dura mater, and covered by a 
layer of flattened cells containing large oval nuclei and lightly staining protoplasm. In 
the subarachnoid space there is a reticulum of fine fibrous tissue, the density of which is as a 
rule greater at the periphery than at the centre of the granulation ; in advanced age it 
frequently contains calcareous nodules. 

At the summit of the granulation the endothelial cells proliferate and form a cap which 
penetrates the surrounding dura mater, and fuses with the endothelial lining of one of the 
intradural venous siauses ; in doing so it pulls out a little stalk of arachnoid mater con- 
taining a diverticulum of the subarachnoid space. Except at the point of fusion with the 
endothelial lin i ng of the sinus, the granulation is surrounded by the subdural space and 
the dura mater ; the latter, covered on its cerebral surface by a layer of endothelium, is 
invaginated into the venous sinus by the protrusion of the granulation. 

Fluid injected into the subarachnoid space passes into these granulations, and it has 
been found experimentally that fluid passes by osmosis from the arachnoid villi into the 
venous sinuses of the dura mater. 

The cerebrospinal fluid is a clear, slightly alkahne fluid, with a specific gravity of about 
1007. It contains in solution inorganic salts similar to those in the blood-plasma, and 
also traces of protein and glucose. The cerebrospinal fluid is secreted into the ventricles 
of the brain by the choroid plexuses and into the subarachnoid space by the choroid plexuses 
of the lateral recesses of the fourth ventricle (p. 940). From the ventricles it passes through 
the median aperture and the foramina of the lateral recesses of the fourth ventricle and 
so gains the subarachnoid space in the cistema cerebellomeduUaris and the cistema pontis. 
Within the cranium the cerebrospinal fluid flows upwards through the gap in the tentorium 
cerebelli and then forwards and laterally over the inferior surface of the cerebrum. Finally 
it ascends over the lateral aspect of each hemisphere to reach the arachnoid villi associated 
with the superior sagittal sinus, and so is able to pass back again into the bloodstream. 
Within the vertebral canal there is no active flow, but the process of diffusion and alterations 
of posture serve to maintain the character of the fluid constant throughout the whole extent 
of the subarachnoid space. The cerebrospinal fluid supports and protects the delicate 
structure of the brain and spinal cord, and it maintains a uniform pressure upon them. 
In addition, since the perforating branches of the cerebral arteries are accompanied by 
perivascular channels which communicate with the subarachnoid space, on the one hand, 
and perineuronal spaces on the other, the cerebrospinal fluid comes into intimate relation 
with the nerve-cells of the cortex and basal nuclei. Our knowledge of the circulation of 
the cerebrospinal fluid and of the arachnoid villi has been greatly extended by the work 
of Weed and his collaborators,! 

Applied Anatomy , — ^Diseases of the central nervous system and its membranes are often 
reflected in alterations of the cells which are normally found in the cerebrospinal fluid or in 
alterations in the concentration of its chemical constituents. Interference with the cir- 
culation of the fluid is indicated by variations in the pressure within the meninges. The 
determination of these alterations and variations is often of service in diagnosis. 

Specimens of the cerebrospinal fluid may be obtained by the operation of lumbar 
pun^ure, which is performed through the interval between the laminae or spines of the 
third and fourth (or fourth and fifth) lumbar vertebrae. A fine trocar and cannula is inserted 
at the point of intersection of the intertubercular plane with the posterior median line and 
is passed obliquely upwards and forwards above the upper border of the spine of the fourth 
lumbar vertebra. It is carried through, or parallel to, the supraspinous and interspinous 
ligaments into the vertebral canal. The dura mater and the arachnoid are punctured and 
the instrument is introduced into the subarachnoid space below the lower end of the spinal 
cord (p. 887). When the trocar is withdrawn, the cerebrospinal fluid escapes through 
the cannula at the rate of one drop per second, imder normal conditions, but when the fluid 
is under increased pressure it escapes in an almost continuous stream. If it is suspected 
that the cerebrospinal fluid is under increased pressure at the time of a lumbar puncture, a 
manometer is attached to the cannula, lest the sudden fall in pressure, which would otherwise 
occur, should lead to impaction of the medulla oblongata in the foramen magnum, causing 
sudden death. 


The Pia Matee 

The pia mater closely invests the brain and spinal cord ; it is a vascular 
membrane, consisting of a minute plexus of blood-vessels held together by an 
* W. E. le Gros Clark, Journal oj Anatomy^ vol. Iv. 1920. 

t Lewis H. Weed, Carnegie Institute of Washington ; ConPributiona to Embryology^ 
vol. 9, 1920. 
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extremely fine areolar tissue. The cerebral pia mater invests the entire surface 
of the brain, dips between the cerebral gyri and between the cerebellar laminae, 
and is invaginated to form the tela chorioidea of the third ventricle, and the 
choroid plexuses of the lateral and third ventricles (pp.l014 to 1016); as it passes 
over the roof of the fourth ventricle, it forms the tela chorioidea and the cjbtoroid 
plexuses of this ventricle (p. 940). Upon the surfaces of the hemispheres it 
gives off from its deep surface a multitude of sheaths around the minute vessels 
that run perpendicularly for some distance into the cerebral substance. On 
the cerebellum the membrane is more delicate ; the vessels from its deep surface 
are shorter, and its relations to the cortex are not so intimate. Like the arachn- 
oid mater, the pia mater cannot be identified in the hypophyseal fossa. 

The spinal pia mater (figs. 924, 927) is thicker, firmer, and less vascular than 
the cerebral pia mater ; this is due to the fact that it consists of two layers, 
the outer or additional one beiug composed of bundles of connective tissue 
fibres, arranged for the most part longitudinally. Between the layers are 
cleft-hke spaces which communicate with the subarachnoid space, and a 

Fig. 927. — A transverse section through the spinal cord and its membranes. 

Diagrammatic. 



number of blood-vessels. The spinal pia mater covers the spinal cord, and is 
intimately adherent to it ; in front it sends a septum into the anterior median 
fissure. A longitudinal fibrous band, called the linea splendens, extends along 
the median plane anteriorly, and a somewhat similar band, named the liga~ 
me7itum denticulatum, is situated on each side. Below the conus medullaris the pia 
mater is contmued as a long slender fiiament, named the filum terminate (p. 876). 

The pia mater forms sheaths for the cranial and spinal nerves ; these 
sheaths are closely connected with the nerves, and blend with their common 
membranous investments. 

The ligamentum denticulatum (filgs. 839, 927) is a narrow, fibrous band 
situated on each side of the spinal cord, between the anterior and the posterior 
nerve-roots. Its medial border is continuous with the pia mater at the side 
of the spinal cord. Its lateral border presents a series of triangular tooth- 
like processes, the points of which are fixed at intervals to fhe dura mater. 
These processes are twenty-one in number, on each side. The first process 
crosses behind the vertebral artery at the point where that vessel pierces the 
dura mater, and is separated by the artery from the anterior root of the first 
cervical nerve ; it is attached to the dura mater immediately above the margin 
of the foramen magnum, 1 *26 cm. behind the hypoglossal nerve, and the spinal 
part of the accessory nerve ascends on its posterior aspect. The last process is 
between the exits of the twelfth thoracic and first lumbar nerves, and consists 
of a narrow oblique band running downwards and laterally from the conus 
medullaris (Parsons *). , 

* Proceedings of the Anatomical Society of Great Britain and Ireland, 1915 . 
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THE PERIPHERAL PART OE THE NERVOUS SYSTEM 

The peripheral nervous system comprises the afferent, or centripetal, fibres 
which connect the sensory end-organs to the central neiwous system, and the 
efferent, or centrifugal, fibres which connect the central nervous system to the 
effector apparatus. It includes the twelve pairs of cranial nerves which arise 
from the brain, and the thirty-one pairs of spinal nerves which arise from the 
spinal cord. The sympathetic trunks with their various ganglia and branches 
belong to this system, but they will be dealt with in a separate section. 

In the lowest vertebrates the spinal cord gives rise to a series of ventral 
nerve-roots, arising from the anterior grey column and motor in function, 
and a series of dorsal nerve-roots, connected to the posterior grey column 
and sensory in function. The ventral and dorsal nerve-roots do not unite, and 
they do not correspond in position. The ventral nerve-root is segmental and 
is distributed to the myotome which corresponds to the neuromere from which 
it arises. The dorsal nerve-root is intersegmental in position and runs in the 
intersegmental connective tissue to reach its cutaneous distribution. In the 
majority of fishes and in all higher forms the corresponding ventral and dorsal 
nerve-roots which emerge from the spinal cord unite with one another to con- 
stitute the individual spinal nerves. The arrangement of the spinal nerves, 
therefore, follows a very primitive pattern and has not undergone much modi- 
fication in the process of evolution. 

The arrangement of the cranial nerves, on the other hand, has been very 
profoundly modified. The development and modification of the branchial 
system and the suppression of segments owing to the elaborate changes which 
occur in the region of the head have been largely responsible for this modific- 
ation. There is every reason to suppose that the brain, like the spinal cord, 
represents a number of neuromeres, and that in the ancestral form of vertebrates 
each neuromere was provided with a ventral nerve and each intemeuromeric 
interval with a dorsal nerve. In the brain, corresponding ventral and dorsal 
nerves never fuse, although adjoining ventral or dorsal nerves may and actually 
do unite. Owing to the complete disappearance of certain myotomes the 
corresponding ventral nerves become completely suppressed. Further, the 
dorsal nerves, originally sensory nerves supplying chiefly the skin of the head 
and the mucous membrane of the mouth and pharynx, acquire motor fibres 
which they distribute to the musculature arising in the lateral mesodermic plates 
in the branchial region. With the growth and modification of the brain and 
the consequent elaboration of the head region, the cutaneous areas of the head 
are transferred from one nerve to its neighbour, so that the functions of the 
individual dorsal nerves become altered. 

The incorporation of some of the precervical segments in the head leads to 
the fusion of the corresponding ventral nerves, and the hypoglossal nerve so 
formed becomes added to the cranial nerves. 

As a result of these changes the reference of the individual cranial nerves 
to their appropriate neuromeres and somites becomes a matter of great difficulty 
and complexity, and in the account which foUows the nerves will be described 
in their numerical order. 


The Strxjctttbe of the Pebipheeal Nebves and Ganglia 

The cerebrospinal nerves consist of numerous nerve-fibres collected into 
bundles, which are enclosed in membranous sheaths (fig. 928) ; a small bundle 
of fibres is called b. funiculus. Each funiculus is surrounded by a sheath, named 
the perineurium ; this consists of a fine, smooth, transparent membrane, made 
up of connective tissue which has a lamellar arrangement ; the sheath may be 
easily separated, in the form of a tube, from the fibres it encloses. The nerve- 
fibres are held together and supported within the funiculus by delicate connect- 
ive tissue called the endoneurium ; it is continuous with septa which pass in- 
wards from the perineurium, and shows a ground substance in which are 
imbedded fine bundles of fibrous connective tissue running for the most part 
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longitudinally. If the nerve is small, it may consist of only a single funiculus ; 
but if large, it consists of several funiculi held together and invested by con- 
nective tissue ; this investment is known as the epineurium. The cerebrospinal 
nerves consist almost exclusively of medullated nerve-fibres, only a very small 
proportion of non-meduUated fibres being present. 

The blood-vessels supplying a nerve end in a minute plexus of capillaries 
which pierce the perineurium, and run, for the most part, parallel with the 
fibres ; they are connected together by short, transverse vessels, forming 
narrow, oblong meshes, similar to the capillary system of muscle. Fine, non- 
meduUated, vasomotor nerve-fibres accompany these vessels, and break up into 
fine fibrils which form a network around them. Medullated fibres, termed 
Tiervi nervorum, run in the epineurium and terminate in oval or bulbous corp- 
uscles (p. 1216). 

Fig. 928, — A transverse section through two funiculi of a human nerve. 

Stained with hsematoxylin. x 30. 



The cerebrospinal nerve-fibres pursue an uninterrupted course from the 
centre to the periphery, but in separating a nerve into its component funiculi, 
it may be seen that bundles of fibres from one funiculus occasionally join, at 
a very acute angle, another funiculus proceeding in the same direction. 

In their course, nerves subdivide into branches, and these frequently 
communicate with branches of neighbouring nerves ; such communications 
form what is called a nerve-plexus. Sometimes a plexus is formed by the 
primary branches of the trunks of the nerves — as, for example, the cervical, 
brachial, lumbar, and sacral plexuses — and occasionally by the terminal 
funiculi, as in the plexuses formed at the periphery of the body. In the form- 
ation of a plexus, the component nerves divide, then join, and again subdivide 
iu such a complex manner that the individual funiculi become intricately inter- 
laced ; so that each branch leaving a plexus may contain filaments from all the 
primary nerve-trunks enteriug the plexus. In the formation also of smaller 
plexuses at the periphery of the body there is a free interchange of funiculi and 
fibres. In each case, however, the individual fibres remain separate and distinct. 

Through this interchange of fibres, every nerve leaving a plexus gains a more 
extensive connexion with the spinal cord than if it had proceeded direct to 
its distribution without joining other nerves. Consequently the parts supplied 
by these nerves have more extended relations with the nervous centres ; by 
this means also, groups of muscles may be associated for combined action. 

Origins of nerves. — The origin of a nerve is in some cases single — that is to 
say, the whole lierve emerges from the nervous centre by a single root ; in other 
instances the nerve arises by two or more roots. The point where the nerve-root 
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or roots emerge from the surface of the nervous centre is named the superficial, 
or apparent, origin, but the fibres of the nerve can be traced to groups of nerve- 
cells in the grey matter of the nervous centre ; these cell-groups constitute 
the deep, or real, origin of the nerve. The centrifugal, or efferent, nerve-fibres 


Fig* 929. — ^Muscular fibres of Lacerta viridis witb the termiiiatioiis of nerves. 



a. in profile. The motor end-plate. S.S. The base of the plate, consisting of a granular 
ruass ^th nuclei. t>. The same as seen in looking at a perfectly fresh fibre, the nerve-ends being prob- 
ably still excitable, c. The same as seen two houm after death from poisoning by curare. 


are the axons of nerve-cells situated in the grey matter of the central nervous 
system. The centripetal, or afferent, nerve-fi.bres spring from nerve- cells in 
the organs of special sense (e.g, the retina) or from nerve-cells in the ganglia. 
Having entered the nerve-centre they branch and send their ultimate twigs 
among its cells, without, however, uniting with them. 

Fig. 930. — transverse section through a human spinal ganglion. Stained with 
methylene blue. Note the brown pigment in some of the ganglion cells, x 60. 



Peripheral terminations of nerves. — ^Nerve-fibres terminate peripherally in 
various ways. The terminations of the sensory nerves are dealt with on 
pp. 1216-1219. 

Motor nerves ending in striped, or voluntary, muscle enter the sheath of the 
muscle, break up into fibres, or bundles of fibres, which form plexuses, and 

2k2 


G.A. 
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gradually divide until, as a rule, a single nerve-fibre enters a single muscular 
fibre ; if the muscular fibre is long, more than one nerve-fibre may enter it. 
Within the muscular fibre the nerve ends in a special expansion, called by 
£uhne, who first described it accurately, a motor end-plate (fig. 929). The nerve- 
fibre, on approaching the muscular fibre, suddenly loses its medullary sheath, 

the neurolemma becomes continuous 
with the sarcolemma of the muscle, and 
only the axis- cylinder with a thin cover- 
ing of protoplasm enters the muscular 
fibre. There it ramifies immediately 
beneath the sarcolemma, and becomes 
imbedded in a layer of granular matter, 
containing a number of clear, oblong 
nuclei, the whole constituting a motor 
end-plate, from which the contractile 
wave of the muscular fibre is said to 
start (see also p. 34). It should be noted 
that, whereas the motor nerve-endings 
in muscle are situated under the sarco- 
lemma, the sensory nerve-endings lie 
outside that layer. 

Non-meduUated fibres also have been 
traced to muscle fibres, where they end in 
an elongated motor plate with numerous minute terminal grape-like enlarge- 
ments, which are situated on the surface of the sarcolemma. They are believed 
to be sympathetic in character. (Kulchitsky, Joum. of Anat,, Jan. 1924.) 

Ganglia are small aggregations of nerve-cells. They are found on the 
posterior roots of the spinal nerves ; on the sensory roots of the trigeminal, 

Fig. 932. — section through a human sympathetic ganglion. Stained with 
hsBmatoxylin and eosin. x 60. 


Fig. 931. — Three types of nerve-cells from 
a Efpinal ganglion of a cat. Stained with 
hssmatoxylin and ©osin. x 360. (The 
nuclei of the cells lining the capsule are 
shown in the left-hand figure only.) 




facial, glossophar 3 mgeal, and vagus nerves and on the auditory nerves. They 
are also found in connexion with the sympathetic nerves. They consist of a 
reddish-grey substance, traversed by numerous white nerve-fibres, and vary 
considerably in form and size. Each ganglion is invested by a smooth, firm, 
membranous envelope, consisting of dense areolar tissue ; this envelope is 
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continuous with the perineurium of the nerves, and sends numerous processes 
into the interior of the ganglion. 

Ganglia consist of nerve-cells and nerve-fibres. Each nerve-cell has a 
nucleated capsule which is continuous with the neurolemma of the nerve-fibre 
connected with the cell. The typical larger nerve-cells in the ganglia of the 
spinal nerves (figs. 930, 931) are irregularly spherical in shape, and each gives 
off a single fibre which runs towards the centre of the ganglion, and divides in 
a T-shaped manner ; one limb of the cross-bar enters the spinal cord, the 
other passes outwards to the periphery. Near its origin the stem of the axon 
is coiled on itself, forming a glomerulus. As it straightens out it acquires a 
medullary sheath, and it usually divides at its first node of Ranvier. ►The 
typical smaller cells, which are very numerous, give off fine unmeduUated fibres. 
These axons do not form such complicated glomeruli and they may be practic- 
ally straight. The presence of plexuses of finely meduUated or unmeduUated 
fibres around the cell-bodies has been described by Dogiel, who regards them 
as being sympathetic in origin. The same authority has descri&d several 
additional varieties of cells in the spinal ganglia. In one type, the peripheral 
division of the axon breaks up within the ganglion into sensory nerve-endings ; 
in another, the ceU is multipolar and, while the meduUated axon passes centraUy 
into the spinal cord, the dendrites, which are peculiar in that they may be 
partly meduUated, break up into sensory endings within the ganglion. 

Structurally the peripheral division of the axon of an unipolar ganglion 
cell resembles an axon in every respect, but it functions as a greatly elongated 
dendrite. 


THE CRANIAL NERVES 


There are twelve pairs of cranial (cerebral) nerves, which are named ficom 
before backwards as foUows : 


1st. Olfactory. 
2nd. Optic. 

3rd. Oculomotor. 
4th. Trochlear. 


5th. Trigeminal. 
6th. Abducent. 
7th. Facial. 

8th. Auditory. 


9th. Glossopharyngeal. 
10th. Vagus. 

11th. Accessory. 

12th. Hypoglossal. 


These nerves are attached to the brain, and are transmitted through openings 
in the base of the cranium. The motor, or efferent, cranial nerves arise within 
the brain from groups of nerve- ceUs which constitute their nuclei of origin. 
They are brought into relationship with the cerebral cortex by the geniculate 
fibres of the internal capsule ; these fibres arise from the ceUs of the motor 
area of the cortex, cross the median plane and end by arborising round the cells 
of the nuclei of origin of the motor cranial nerves. The sensory, or afferent, 
cranial nerves arise from nerve- ceUs outside the brain ; these nerve-ceUs may 
be grouped to form gangUa on the trunks of the nerves, or may be situated in 
peripheral sensory organs such as the nose, eye and ear. The centraUy directed 
processes of the ceUs run into the brain and there end by arborising around 
nerve- cells which are grouped to form the nuclei of termination of the ordinary 
sensory nerves. Fibres arise from the ceUs of these nuclei and, after crossing 
to the opposite side, join the lemnisci, and thus connect the nuclei indirectly 
with the cerebral cortex. 

The fibres of most of the cranial nerves begin to acquire then* myelin 
sheaths about the fourteenth week of intra-uterine life. The process is delayed 
until the twenty-second week in the cases of the sensory part of the trigeminal 
nerve and the cochlear division of the auditory nerve. In the case of the optic 
nerve myeUnation does not commence until shortly before birth, and it is not 
completed until the second week after birth.* 


Thu Olfaotoey Nerves (fig. 933) 

The olfactory nerves, or nerves of smeU, are distributed to the raucous mem- 
brane of the olfactory region of the nasal cavity ; this region comprises the 

* M. F. Lucas Keene and E. E. Hewer, Journal of Anatomy, vol. Ixvi. 1931. 
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superior ustsal conchaj and the opposed part of the nasal septum. The nerve- 
fibres originate from the central, or deep, processes of the olfactory cells of 
the nasal mucous membrane, and are collected into bundles which cross one 


Fig. 933. — ^The nerves of the septum of the nose. Right side. 



another in various directions, and thus give rise to the appearance of a plexiform 
network in the mucous membrane. They are then collected into about twenty 
branches, which pierce the cribriform plate of the ethmoid bone in lateral 
and medial groups, and end in the glomeruli of the olfactory bulb (fig. 934). 
Each branch receives tubular sheaths from the dura mater and pia-arachnoid, 
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the former being continued into the periosteum of the nose, the latter into the 
neurolemma of the nerve. 

The olfactory nerves are non-medullated, and consist of axis- cylinders 
surrounded by nucleated sheaths, in which, however, there are fewer nuclei 
than in the sheaths of ordinary non-medullated nerve-fibres. 

The olfactory nerves are unique in that their cells of origin develop in the 
ectoderm and retain this position throughout life in aU forms. 

Closely associated with the olfactory nerves is a pair of small nerves named the nervi 
terrriinal&d* 

These nerves were first seen in the lower vertebrates, but their presence has been de- 
monstrated in the human embryo and adult. They consist chiefly of non-medullated nerve- 
fibres, and on them there are small groups of bipolar and multipolar nerve-cells. Each 
nerve runs along the medial side of the corresponding olfactory tract, and its branches 
traverse the cribriform plate of the ethmoid bone, and are distributed to the nasal mucous 
membrane. Centrally the nerve is connected to the brain at the olfactory trigone ; in 
some animals its fibres have been traced to the lamina terminahs : in others to the hypo- 
thalamic region. Its function is unknown ; some are inclined to view it as a forward 
extension of the cephalio part of the sympathetic which is distributed to the blood-vessels 
and glands of the nasal cavity. 

The central connexions of the olfactory bulb are described on pp. 984-988. 

Applied Anatomy , — ^In severe injuries to the head involving the anterior cranial fossa, 
the olfactory bulb may become separated from the olfactory nerves, or the nerves may be 
tom, thus producing loss of smeU (anosmia). 

Anosmia sometimes occurs after acute infections of the nose. 


The Optic Neeve (fig. 935) 

The optic nerve, or nerve of sight, is distributed to the eyeball. 
Most of its fibres are afferent and originate in the nerve- cells of the 
ganglionic layer of the retina (p. 1174), but a few are efferent and spring from 
nerve-cells in the lower visual centres of 
the brain (p. 968). Developmentally, the 
optic nerves and the retinae are parts of 
the brain (p. 125). 

The fibres of the optic nerve form the 
innermost layer (stratum opticum) of the 
retina ; they converge to the optic disc, 
and there pierce the outer layers of the 
retina, the choroid coat, and the lamina 
cribrosa of the sclera at the posterior 
part of the eyeball, about 3 or 4 mm. to 
the nasal side of its centre. As the nerve- 
fibres traverse the lamina cribrosa they 
receive their medullary sheaths, and run 
in bundles which are collected to form the 
optic nerve. 

The optic nerve, about 4 cm. long, is 
directed backwards and medially through 
the posterior part of the orbital cavity. 

It then runs through the optic foramen 
into the cranial cavity and joins the optic 
chiasma. 

The intra-orbital part of the nerve is about 25 mm. long and has a slightly 
sinuous course, the length of the nerve being about 6 mm. more than the dist- 
ance between the optic foramen and the eyeball. Posteriorly it is closely 
suiTOunded by the recti muscles, but anteriorly is separated from them by a 
quantity of fat, in which the ciliary vessels and nerves are lodged. The ciliary 
ganglion lies between the nerve and the rectus lateralis muscle. The infero- 
medial surface of the nerve is pierced, at a distance of about 12 mm. behind 
the eyeball, by the central artery and vein of the retina, which are then directed 
forwards in the centre of the nerve to the . optic disc. In the optic foramen 


Fro. 935. — The left optic nerve, the 
optic chieisma, and the optic tract. 
Inferior aspect. 
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the nerve lies above and medial to the ophthalmic artery, ^d is separa^ 
mJiiaJly from the sphenoidal and posterior et^oidal smuses by a thin lamma 
of bone^- in front of the foramen the nasocihary nerve and the ophthalmc 

artery rJn forwards and medially, crossing above the nerve. ' , , 

Se intracranial part of the optic nerve, about 10 mm. long runs backwar.^ 
and medially from the optic foramen to the optic chiasma. The postenor parts 

Fig. 936. — A scheme showing the connexions of the optic nerves and 
optic tracts. 


Retina 


Optic nerve. 
Uncrossed fibres 
Crossed fibrt 
Optic ch 

Commissure of Qudden- 
Pulvinar 

Lateral geniculate body 


Cortex of middle 
part of inf. parietal lobule 

Medial geniculate bod\ 

Superior quadrigeminal body* 
Optic radiationt 

Nucleus of oculomotor n., 
Tectospinal and tectobulbar tracts^ 
Nucleus of trochlear n.^ 

Nucleus of abducerU n. 



Cortex of occipital lobes 


The iatermpted lines indicate connexions, tlie existence of which is uncertain. 
dividing line between the decmscdir^g and the non-decussating fibres of the 07)tic nerve passes 
verticaUy through centre of the macula. 


of the olfactory tract and gyrus rectus, and, near the chiasma, the anterior 
cerebral artery lie above it. The internal carotid artery is on its lateral side. 

The optic nerve consists mainly of fine medullated fibres, and is enclosed 
in three sheaths which are continuous with the membranes of the brain, and 
are prolonged as far as the back of the eyeball. The outer sJieaiJi, derived from 
the dura mater, is thick and fibrous, and blends anteriorly with the sclera. 
The intermediate sheoath^ derived from the arachnoid mater, is thin and delicate. 
It is separated from the outer sheath by the subdural space, and from the 
inner sheath by the subarachnoid space. The inner sheath, derived from the 
pia mater, is vascular and closely invests the nerve. From its deep surfa^ 
septa pass into the nerve and subdivide and reunite to enclose what appear, in 
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transverse sections of the nerve, as polygonal areas, which are occupied by 
the bundles of nerve-fibres. Prom the inner sheath also, an investment is carried 
on the central vessels of the retina as far as the optic disc. 

Close to the eyeball the macular fibres occupy the lateral part of the nerve, 
but, as they are traced backwards, they gradually come to lie centrally. 

The optic chiasma (p. 967), formed by the union of the two optic nerves, 
is somewhat quadrilateral in shape ; it lies above the tuberculum seUse and 
the anterior part of the diaphragma sellae, some distance behind the optic 
groove of the sphenoid bone. It forms the anterior part of the floor of the third 
ventricle and is in relation : above with the lamina terminalis : below with the 
anterior part of the interpeduncular cistema, which separates it from the 
anterior part of the diaphragma sellae : in front with the anterior cerebral and 
anterior communicating arteries : behind with the tuber cinereum : and laterally 
with the anterior perforated substance and the internal carotid artery. 

The fibres of the optic nerves undergo a partial decussation in the optic 
chiasma (fig. 936). The fibres from the medial (nasal) half of each retina, in- 
cluding the medial half of the macula, cross the median plane in the anterior part 
of the chiasma and enter the optic tract of the opposite side. The fibres from 
the lateral (temporal) half of each retina, including the lateral half of the macula, 
do not cross, but are continued backwards, through the lateral part of the 
chiasma, into the optic tract of the same side.. The posterior part of the chiasma 
consists of fibres which cross the median plane, but do not form parts of the 
optic nerves ; these fibres connect the medial geniculate body of one side with 
the medial geniculate body and, possibly, the inferior quadrigeminal body of the 
opposite side, and constitute what is known as the commismre of Gudden. 

The optic tract (fig. 876) is a cylindrical bundle of nerve-fibres which runs 
backwards and lateraUy from the optic chiasma. It passes between the anterior 
perforated substance and the tuber cinereum and reaches the under surface 
of the cerebral peduncle, where it becomes flattened. It then winds round and 
adheres to the cerebral peduncle, and divides into a medial and a lateral root. 
The fibres of the medial root form the commissure of Gudden, already referred 
to ; the lateral, and larger, root ends in the lateral geniculate body and the 
superior quadrigeminal body, which together with the pulvinar of the thalamus 
constitute the lower viswil centres (p. 960). Erom the cells of the lateral genic- 
ulate body fibres, termed the optic radiation, take origia, and pass through the 
retrolentiform part of the internal capsule to the higher, or cortical, visual centre, 
which is situated in the cuneus and in the neighbourhood of the postcalcarine 
and calcarine sulci. These connexions are dealt with fully on pp. 993 and 1010. 

Applied ATiatomy . — The optic nerve is peculiarly liable to become the seat of neuritis 
or undergo atrophy in affections of the central nervous system, and as a rule the patho- 
logical relationship between the two affections is exceedingly difficult to trace. There 
are, however, certain points in connexion with the anatomy of this nerve which tend to 
throw light upon the frequent association of its affections with intracranial disease. (1) 
From its mode of development, and from its structure, the optic nerve must be regarded 
as a prolongation of the brain-substance, rather than as an ordinary cranial nerve. (2) It 
receives sheaths from the three cerebral membranes, and these sheaths are separated 
from each other by spaces which commimicate with the subdural and subarachnoid spaces 
respectively. The innermost sheath sends a process around the axteria centralis retinae 
into the interior of the nerve, and enters intimately into its structure. Thus inflammatory 
affections of the meninges or of the brain may readily extend along these spaces, or along 
the interstitial connective tissue in the nerve. 

The optic neuritis or papiUoedema (‘ choked disc ’) that is often seen in cases of intra- 
cranial new growth with increased intracranial tension is probably caused by increased 
pressure in the sheath of the optic nerve, due to excess of fluid in the general subarohnoid 
space with which thia sheath is in direct communication* It as is the case, for example 
in the internal hydrocephalus seen as a complication of cerebrospinal fever, there is no 
increase in the amount of fluid in the subarachnoid space, then there will be no optic 
neuritis although the intracranial tension may rise until it brings about the patient’s death. 

The course of the fibres in the optic chiasma has an important pathological bearing. 
An anteroposterior section through the chiasma would divide the decussating fibres, and 
would therefore produce blindness of the medial half of each eye ; while a section at the 
margin of the side of the optic chiasma would produce blindness of the lateral half of the 
retina of the same side. An early symptom of tumour-growth in the hypophysis is pressure 
on the chiasma. 
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The Oculomotor Nerve (figs. 937 to 939) 


The ocTilomotor nerve supplies all the ocular muscles, except the obliquus 
superior and rectus lateralis ; it also supplies, through its coimexion with 
the ciliary ganglion, the sphincter pupiilse and the ciliaris muscles. 

The fibres of the oculomotor nerve arise from a nucleus which lies in the 
grey matter of the upper part of the fioor of the aqueduct of the mid-brain and 
extends in front of the aqueduct for a short distance into the fioor of the third 
ventricle, occupying the position of the somatic efferent column (p. 112), 
From this nucleus the fibres pass forwards through the tegmentum, the red 
nucleus and the medial part of the substantia nigra, forming a series of curves 

with a lateral convexity, and emerge fi:om 
Fig. 937. — scheme of the various the sulcus on the medial side of the cerebral 
groups of cells which together con- peduncle (fig. 866). 

stitute the nucleus of the ociilomotor The nucleus of the oculomotor nerve 
nerve. (After le Gros Clark.) consist of a continuous column of 



A, the dorsilateral nucleus. 

B, the ventrimedial nucleus. 

C, the central nucleus, 

D, the Edinger-Westphal nucleus. 

E, the caudal central nucleus. 
rrtt the third ventricle. 


cells, but is broken up into a number of 
smaller nuclei : (1) the dorsilateral nucleus ; 
(2) the ventrimedial nucleus ; (3) the central 
nucleus ; (4) the Edinger-Westphal nucleus ; 
(5) the caudal central nucleus. The dorsi- 
lateral nucleus extends further in a head- 
ward direction than the ventrimedial 
nucleus, but does not extend so far caud- 
ally. The central nucleus is continuous 
across the median plane with the corre- 
sponding nucleus of the opposite side. These 
three nuclei all contain large multipolar 
nerve- cells, and it is believed that they sup- 
ply all the striped muscle iimervated by the 
oculomotor nerve. The evidence at present 
available is not conclusive, but it suggests 
that the dorsilateral nucleus is concerned 
with upward movements (superior rectus 
and inferior oblique muscles), the ventri- 
medial nucleus, which is in direct line with 
the nucleus of the trochlear nerve, with 
downward movements (inferior rectus) and 
the central nucleus with movements of con- 
vergence (medial rectus). The Edinger- 
Westphal nucleus is placed more dorsally 
in the central grey matter of the mid-brain 
and extends further in a headward direc- 


tion than the other nuclei. Tt is generally 
regarded as the nucleus of origin of the fibres which innervate the sphincter 
pupillae and ciliary muscles. The caudal central nucleus, which like the Edinger- 
Westphal nucleus contains small, stellate nerve- ceUs, lies in line with it and 
is probably similar in function.* 

The whole nucleus is intimately related to the medial longitudinal bundle, 
which lies on its ventrilateral aspect. 

Coimexions. — The oculomotor nucleus receives fibres from : (1) the pyr- 
anndal tract of the opposite side ; (2) the medial longitudinal bundle, by which 
it is connected to the nuclei of fourth, sixth and eighth cranial nerves (p. 949) ; 
and (3) the tectobulbar tract, by which it is connected to the visual cortex 
through the medium of the superior quadrigeminal body. 

On emerging from the brain, the nerve is invested with a sheath of pia 
mater, and lies in the subarachnoid space. It passes between the superior 
cerebellar and posterior cerebral arteries, and runs forward in the interpedunc- 
ular cisterna on the lateral side of the posterior communicating artery. It 


* See an article by W. E. le Gros Clark on “ The Mammalian Oculomotor Nucleus,” 
Jowmal of Anatomy, vol. lx. 1926 
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then perforates the arachnoid mater and lies in the triangular interval between 
the free and attached borders of the tentorium cerebelli. Piercing the inner 
layer of the dura mater on the lateral side of the posterior clinoid process the 
nerve traverses the lateral wall of the cavernous sinus, where it lies above the 
trochlear nerve. In this situation it receives one or two filaments from the 
internal carotid (cavernous) plexus of the sympathetic, and communicates 
with the ophthalmic division of the trigeminal. It then divides into a superior 
and an inferior ramus, which enter the orbit through the superior orbital 
fissure, within the annulus tendinous which gives origin to the recti muscles ; 
here the nasociliary nerve is placed between the two rami. 

The superior ramus, the smaller, ascends on the lateral side of the optic 
nerve, and supplies the rectus superior and levator palpebrse superioris. The 
inferior ramus divides into three branches (fig. 938). One passes below the 


Fig. 938. — plan of the oculomotor nerve. 



optic nerve to the rectus medialis ; another goes to t^e rectus inferior ; the 
third and longest runs forwards between the rectus inferior and rectus lateralis, 
to the obliquus inferior. From the nerve to the obliquus inferior a short thick 
branch is given to the lower part of the ciliary ganglion, and forms its short or 
parasympathetic root (p. 1046). The branches enter the muscles on their ocular 
surfaces, with the exception of that to the obliquus inferior, which enters the 
posterior border of the muscle. 

Applied Anatomy , — ^Paralysis of the oculomotor nerve leads, when complete, to (1) ptosis, 
or drooping of the upper eyelid, in consequence of the levator palpebrse superioris being 
paralysed ; (2) external strabismus, on account of the unopposed action of the rectus 
lateralis and obliquus superior, which are not supplied by the oculomotor nerve and 
are therefore not paralysed ; (3) dilatation of the pupil, because the sphincter pupillse 
is paralysed ; (4) loss of power of accommodation, and of contraction on exposure to 
light, as the sphincter pupillse and the ciliaris are paralysed ; (5) slight prominence of 
the eyeball, owing to most of its muscles being relaxed ; and (6) diplopia, or double vision, 
the false image being higher than the true. Occasionally paralysis may affect only a part 
of the nerve— for example, there may be a dilated and fixed pupil, with ptosis, but no other 
signs. Imtation of the nerve causes spasm of one Qr other of the muscles supplied by it ; 
thus, there may be internal strabismus from spasm of the rectus medialis ; accommodation 
for near objects only, from spasm of the ciliaris ; or miosis (contraction of the pupil) from 
irritation of the sphincter pupillse. 

The oculomotor nerve is particularly liable to become involved in a syphilitic peri- 
arteritis, as it passes between the posterior cerebral and superior cerebellar arteries at 
the base of the brain. 


The Troohleab Nebve (fig. 939) 

The trochlear nerve, the slenderest of the cranial nerves, supplies the 
superior oblique muscle of the eyeball. 

It arises from a nucleus situated in the floor of the aqueduct of the mid-brain, 
opposite the upper part of the inferior quadrigeminal body. This nucleus lies 
in line with the ventrimedial part of the oculomotor nucleus, and occupies the 
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position of the somatic efferent column. It bears an intimate relationship to 
the medial longitudinal bundle, which lies on its ventral aspect. 

Connexions. — The nucleus of the trochlear nerve receives fibres from : 
(1) the pyramidal tract of the opposite side ; (2) the medial longitudinal 
bundle, by which it is connected with the nuclei of the third, sixth and eighth 
cranial nerves (p. 949) ; and (3) with the tectobulbar tract, by which it is 
connected with the visual cortex through the medium of the superior quadri- 
geminal body (p. 952). 

After leaving the nucleus the fibres of the trochlear nerve pursue a very 
unusual course. They first run downwards and laterally through the tegmentum 
and then turn backwards round the central grey matter into the upper part 

of the superior medullary velum. 

Fig. 939.— -The nerves of the right orbit. Here they decussate with the corre- 
Superior aspect. 


mediately behind the inferior quadri- 
geminal body (fig. 864). 

The nerve is directed across the 
superior cerebellar peduncle, and 
then winds forwards round the cere- 
bral peduncle immediately above 
the pons, and between the posterior 
cerebral and superior cerebellar 
arteries. It appears between the 
border of the pons and the temporal 
lobe, and pierces the inner layer of 
the dura mater immediately below 
the free border of the tentorium 
cerebelli, a little behind the posterior 
clinoid process. It then passes for- 
wards in the lateral wall of the 
cavernous sinus, below the oculo- 
motor nerve and above the oph- 
thalmic division of the trigeminal 
nerve. Near the front of the sinus it 
crosses the oculomotor nerve, and 
enters the orbit through the superior 
orbital fissure, above the ocular 
muscles, and medial to the frontal 
nerve. In the orbit it passes medi- 
ally, above the origin of the levator 
palpebrse superioris, and finally en- 
ters the orbital surface of the 
obliquus superior. 

In the lateral wall of the cavernous sinus the trochlear nerve communicates 
with the ophthalmic division of the trigeminal nerve, and with the internal 
carotid (cavernous) plexus of the sympathetic. In the superior orbital fissure 
it occasionally gives off a branch to the lacrimal nerve. 

Applied Anatomy . — ^When the trochlear nerve is paralysed there is loss of function in 
the obliquus superior, so that the patient is unable to turn his eye downwards and 
laterally. Should the patient attempt to do this, the eye of the affected side is rotated 
medially, producing diplopia or double vision. Single vision exists in the whole of the 
field so long as the eyes look above the horizontal plane, diplopia occurs on looking down- 
wards. To counteract this the patient holds his head forwards, and also inclines it to the 
sound side. 

The Tkigbminal Nerve 

The trigeminal nerve is the largest cranial nerve. It is the sensory nerve 
of the face, the greater part of the scalp, the teeth, the mouth and the nasal 



sponding fibres of the opposite side, 
and, having crossed the median plane, 
emerge from the surface of the velum 
at the side of the frenulum veli, im- 
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cavity, and the motor nerve of the muscles of mastication. It divides into 
three branches, viz. the ophthalmic, the maxillary, and the mandibular. 

It is attached to the anterior, or ventral, surface of the pons, near its upper 
border, by a large sensory, and a small motor, root — the latter being placed 
medial and anterior to the former. 

The fibres of the sensory root arise firom the cells of the trigeminal {semilunar) 
ganglion. This ganglion (figs. 939, 940) occupies a cavity (cavuin trigeminale) 
in the dura mater covering the trigeminal impression near the apex of the 
petrous part of the temporal bone (p. 1024). The ganglion is crescentic in shape, 
with its convexity directed forwards and laterally ; its surface is obscured by 
a number of interlacing nerve fibres. Medially it is in relation with the internal 
carotid artery and the posterior part of the cavernous sinus ; inferiorly, with the 
motor root of the nerve, the greater superficial petrosal nerve and the foramen 
lacerum. It receives filaments firom the internal carotid plexus of the sym- 
pathetic, and gives twigs to the tentorium cerebelli. 

The axis-cylinders of the cells of the trigeminal ganglion divide into peri- 
pheral and central branches. The former are grouped to form the ophthalmic and 
maxillary nerves, and the sensory part of the Tnandibular nerve. The central 
branches constitute the fibres of the sensory root of the nerve, which leaves 
the concave margin of the ganglion, runs backwards and medially below the 
superior petrosal sinus and the tentorium cerebelli, and enters the pons. In 
the pons these fibres, divide into ascending and descending branches. The 
ascending branches end in the upper sensory nucleus of the trigeminal nerve, 
which is situated in the pons, lateral to, and somewhat deeper than, the motor 
nucleus (p. 925). It receives fibres conveying discriminative sensibility from the 
whole trigeminal area and probably some, if not all, of the proprioceptive fibres. 
The descending branches form what is named the spinal tract of the trigeminal 
nerve. This tract runs dovmwards through the pons into the medulla oblongata 
superficial to a nucleus of grey substance which is named the nucleus of the spinal 
tra^ct of the trigeminal nerve. It is continuous inferiorly with the gelatinous 
substance of the spinal cord, with which it is identical in structure. As the tract 
descends, a succession of fibres leaves it and enters the nucleus, and the tract 
gradually diminishes in size, and finally ends in the upper part of the cervical 
portion of the spinal cord. This nucleus receives fibres conveying crude painful 
and thermal sensibility from the whole trigeminal area. Clinical evidence tends 
to show that the fibres of the ophthalmic nerve enter the lower part, those of 
the maxillary nerve the intermediate part, and those of the mandibular nerve 
the upper part of the nucleus.* 

The mesencephalic nucleus of the trigeminal nerve consists of a strand 
of cells occupying nearly the whole length of the lateral portion of the central 
grey matter of the mid-brain. It was originally regarded as an additional 
motor nucleus, but, on the grounds of its histological characters and its devel- 
opmental position in the alar lamina, J. B. Johnston has claimed it as a sensory 
nucleus. Kappers believes that it receives proprioceptive fibres from the 
muscles of mastication (p. 945). It apparently constitutes a nucleus of origin, 
as the fibres of the mesencephalic root of the trigeminal nerve, which runs up 
on its lateral side, pass through the trigeminal ganglion without interruption. 

Connexions. — ^The new fibres which arise in these sensory nuclei cross the 
median plane and ascend to the lateral nucleus of the thalamus in the trigeminal 
lemniscus. From the thalamus they are relayed to the cortex of the postcentral 
gyrus. 

The motor nucleus of the trigeminal nerve lies in the upper part of the pons, 
close to its dorsal surface, and along the lateral margin of the floor of the fourth 
ventricle. It is further from the median plane than the nuclei of the oculomotor 
and trochlear nerves, and it occupies the position of the branchial (special 
visceral) efferent column (fig. 840). It receives fibres from the pyramidal tract 
of the opposite side, and its outgoing fibres form the motor root. 

Four small ganglia are associated with the three divisions of the trigeminal 
nerve, viz. — ^the ciliary ganglion with the ophthalmic nerve ; the sphenopalatine 
ganglion with the maxillary nerve ; and the. otic and submandibular {submuxillary) 
ganglia with the mandibular nerve. 

* See an article by J. S. B. Stopford, Journal of Anatomy, vol. lix. 
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The Ophthalmic Nbeve (figs. 939, 940) 

The ophthalmic nerve, the first division of the trigeminal nerve, is a sensory 
nerve. It supplies branches to the eyeball, the lacrimal gland and the con- 
junctiva, to a part of the mucous membrane of the nasal cavity, and to the 
skin of the nose, eyelids, forehead and scalp. It is the smallest division of 
the trigeminal nerve, and arises from the anteromedial part of the trigeminal 
ganglion as a flattened band, about 2*5 cm. long, which passes forwards along 
the lateral wall of the cavernous sinus below the oculomotor and trochlear 
nerves ; just before entering the orbit through the superior orbital fissure, it 
divides into three branches, viz. lacrimal^ frontal and nasociliary. 

The ophthalmic nerve is joined by filaments from the internal carotid plexus 
of the sympathetic, and communicates with the oculomotor, trochlear and ab- 
ducent nerves ; it supplies a recurrent branch (n. tentorii), which crosses and 
adheres to the trochlear nerve, and is distributed to the tentorium cerebelli. 


Fio. 940. — The nerves of the ^ght orbit, and the ciliary ganglion. Lateral aspect. 



The lacrimal nerve (fig. 939) is the smallest branch of the ophthalmic nerve. 
It sometimes receives a filament from the trochlear nerve, but possibly this 
filament consists of fibres which have previously passed from the ophthalmic 
to the trochlear nerve. The lacrimal nerve enters the orbit through the lateral 
part of the superior orbital fissure, runs along the upper border of the rectus 
lateralis with the lacrimal artery, and receives a twig from the zygomatic branch 
of the maxillary nerve, conveying some seoretomotor fibres for the lacrimal 
gland. It enters the lacrimal gland and gives off several filaments to the gland 
and the conjunctiva. Finally it pierces the orbital septum, and ends in the 
skin of the upper eyelid, joining with filaments of the facial nerve. 

The lacrimal nerve is occasionally absent, and its place is then taken by the zygo- 
maticotemporal branch of the maxiUary nerve. Sometimes the latter branch is absent 
and a continuation of the lacrimal is substituted for it. 

The frontal nerve (figs. 939, 940) is the largest branch of the ophthalmic 
nerve. It enters the orbit through the superior orbital fissure above the 
muscles, and runs forwards between the levator palpebrse superioris and the 
periosteum. About midway between the apex and base of the orbit it divides 
into a small supratrochlear and a large supra-orbital branch. 

The supratrochlear nerve runs medially and forwards, passes above the 
pulley of the obliquus superior, and gives off a descending filament to join 
the infratrochlear branch of the nasociliary nerve. The nerve then emerges 
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from the orbit between the pulley of the obliquus superior and the supra-orbital 
foramen, curves upwards on the forehead close to the bone in company with the 
supratrochlear branch of the ophthalmic artery, and sends filaments to the 
conjunctiva and skin of the upper eyelid ; it then ascends under cover of 
the corrugator and the frontal belly of the occipitofrontalis, and divides into 
branches which pierce these muscles and supply the skin of the lower part of the 
forehead close to the median plane. 

The supra-orbital nerve runs forwards between the levator palpebrae sup- 
erioris and the roof of the orbit, passes through the supra-orbitaT notch or 
foramen, and gives off palpebral filaments to the upper eyelid and conjunctiva. 
It then ascends upon the forehead with the supra-orbital artery, and divides 
into a smaller mecfial and a larger lateral, branch, which supply the skin of the 
scalp, reaching nearly as far back as the lambdoid suture. These two branches 
are at first situated deep to the frontal belly of the occipitofrontalis ; the medial 
branch perforates this muscle, the lateral branch pierces the epicranial apo- 
neurosis. Both branches supply small twigs to the mucous membrane of the 
frontal sinus and to the pericranium. 


Fig. 941 . — scheme showing the roots and the branches of distribution of the 

ciliary ganglion. 
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I ^ \ M The nasociliary nerve (figs. 939, 

S 1 I I intermediate in size between 

S [ijJg^zZn the frontal and lacrimal nerves, and 

^ W is more deeply placed. It enters the 

f / I orbit through the medial part of 

S . w the superior orbital fissure within the 

/ \ annulus tendinous, which gives origin 

I /st^;ionicic muscles of the eyeball, ■ 

■ ~~nf is situated between the 

two rami of the oculomotor nerve. 
It crosses the optic nerve with the 
ophthalmic artery, and runs obliquely 
below the rectus superior and obliquus superior, to the medial wall of the orbital 
cavity. Here, under the name of the anterior ethmoidal nervSy it passes through 
the anterior ethmoidal foramen and canal and, entering the cavity of the 
cranium, traverses a shallow groove on the lateral margin of the front part 
of the cribriform plate of the ethmoid bone, beneath the dura mater ; it then 
descends through a slit at the side of the crista gaUi into the nasal cavity, and 
lies in a groove on the inner surface of the nasal bone. It supplies two internal 
nasal branches — a medial to the mucous membrane of the front part of the 
nasal septum, and a lateral to the anterior part of the lateral wall of the nasal 
cavity. Finally it emerges, as the external nasal branch, between the lower 
border of the nasal bone and the upper nasal cartilage, and, passing down under 
cover of the compressor naris muscle, supplies the skin of the ala, the apex and 
the vestibule of the nose. 

The nasociliary nerve gives off a communicating branch to the ciliary 
ganglion, the long ciliary, the infratrochlear and -the posterior ethmoidal 
nerves. 

The ramus communicans to the ciliary ganglion usually arises from the naso- 
ciliary nerve as the latter enters the orbital cavity. It passes forwards on 
the lateral side of the optic nerve, and enters the posterosuperior angle of the 
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ciliary ganglion ; it is sometimes joined by a filament from the internal carotid 
plexus of the sympathetic, or from the superior ramus of the oculomotor nerve. 

The long ciliary nerves, two or three in number, are given off from the naso- 
ciliary nerve, as it crosses the optic nerve. They accompany the short ciliary 
nerves from the ciliary ganglion, pierce the sclera near the attachment of the 
optic nerve, and, running forwards between the sclera and the choroid, are 
distributed to the ciliary body, iris and cornea ; they usually contain the 
sympathetic fibres for the dilatator pupillse. 

The infratrochlear nerve is given off from the nasociliary nerve near the 
anterior ethmoidal foramen. It runs forwards along the medial wall of the 
orbit above the upper border of the rectus medialis, and is joined, near 
the pulley of the obliquus superior, by a filament from the supratrochlear 
nerve. It then escapes from the orbit below the pulley of the obliquus 
superior ; it supplies branches to the skin of the eyelids and side of the nose 
above the medial angle of the eye, the conjunctiva, lacrimal sac and carunoula 
lacrimalis. 

The ^posterior ethmoidal nerve leaves the orbital cavity through the posterior 
ethmoidal foramen and gives twigs to the ethmoidal and sphenoidal sinuses. 
This nerve is absent in about thirty per cent, of subjects. 

The ciliary ganglion (figs. 938, 940, 941) is a small, fiattened ganglion, 
of a reddish-grey colour, and about the size of a pin’s head*; it is situated 
near the apex of the orbit, in some loose fat between the optic nerve and the 
rectus laterahs muscle, lying generally oh the lateral side of the ophthalmic 
artery. 

Its connexions (fig. 941) are three in number, and enter it posteriorly. A 
ramus communicans is derived from the nasociliary nerve. The motor root 
which is a thick nerve (occasionally divided into two parts) is derived from the 
branch of the oculomotor nerve to the obliquus inferior. The third, the 
sympathetic root, is a slender filament from the internal carotid plexus of 
the sympathetic ; it is frequently blended with the ramus communicans from 
the nasociliary nerve. 

Its branches Bxe the short ciliary nerves. These are delicate filaments, 
from six to ten in number, which arise from the front of the ganglion in two 
bundles, of which the lower bundle is the larger. They run forwards with the 
ciliary arteries in a wavy course, one set above the optic nerve, the other below, 
and are related to the long ciliary nerves. They subdivide into about fifteen 
or twenty branches, which pierce the sclera around the entrance of the optic 
nerve, pass forwards in delicate grooves on the inner surface of the sclera, and 
are distributed to the ciliary muscle, iris and cornea. 


The Maxillaev N'ebvb (fig. 942) 

The maxillary nerve, or second division of the trigeminal nerve, is a sensory 
nerve, and is intermediate in position and size between the ophthalmic and 
mandibular nerves. It begins at the middle of the trigeminal ganglion as a 
flattened plexiform hand, and, passing horizontally forwards along the lower 
part of the lateral wall of the cavernous sinus, leaves the skull through the 
foramen rotundum, where it becomes more cyliudrical in form and firmer in 
texture. It then crosses the upper part of the pterygopalatine fossa, inclines 
laterally on the posterior surface of the orbital process of the palatine bone 
upper part of the posterior surface of the maxilla, and enters the 
orbit through the inferior orbital fissure. It is now named the infra-orbital 
nerve and, having traversed the infra-orbital groove and canal in the floor of 
the orbit, it appears on the face through the infra-orbital foramen. At its 
termmation the nerve lies under cover of the levator labii superioris, and 
divides mto branches which are distributed to the side of the nose, the lower 
skin and mucous membrane of the cheek and upper hp, and join 
with filaments of the facial nerve. j 

that the mouth is generally regarded as representing a pair 
of fused visceral clefts, the maxiUary nerve can be described as the pretrematio 
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and the mandibular nerve as the post-trematic branch of the trigeminal 
nerve. The maxillary nerve supplies the structures derived from the maxillary 
process, but it extends on to structures which are developed from the median 
nasal process and its fused globular processes (p. 94). 


Fig. 942. — The right maxillary and mandibular 

ganglion. 


nerves, and the submandibular 



The branches of the maxillary nerve may be divided into four groups, 
according as they are given off in the cranium, in the pterygopalatine fossa, in 
the infra-orbital canal, or on the face. 


In the cranium 

In the pterygopalatine fossa . 
In the infra-orbital canal 


On the face 


Meningeal. 

[ Zygomatic. 

\ Ganglionic. 

I Posterior superior dental. 


I Middle superior dental. 

\ Anterior superior dental. 



The meningeal nerve is given off from the maxillary nerve near the trigeminal 
ganglion ; it accompanies the anterior branch of the middle meningeal artery 
and supplies the dura mater of the middle cranial fossa. 

The zygomatic nerve (fig. 940) arises in the pterygopalatine fossa, enters 
the orbit by the inferior orbital fissure, courses along the lateral wall of the 
orbit, and divides into two branches, zygomaticotemporal and zygomatico- 
facial. 
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The zygomaticotemxtoral branch rims along the lateral wall of the orbit, 
sends a branch to join the lacrimal nerve (p. 1044), and, passing through a 
canal in the zygomatic bone, enters the temporal fossa. It ascends between 
the bone and the temporalis muscle, pierces the temporal fascia about 2 cm. 
above the zygomatic arch, and is distributed to the skin of the temple. It 
communicates with the facial nerve and with the auriculotemporal branch of 
the mandibular nerve. As it pierces the temporal fascia, it sends a slender 
twig between the two layers of the fascia towards the lateral angle of the eye. 

The zygomaticofacial branch passes along the inferolateral angle, of the orbit, 
emerges upon the face through a foramen in the zygomatic bone, and, perforating 
the orbicidaris oculi, supplies the skin on the prominence of the cheek. It joins 
the zygomatic branches of the facial nerve and the palpebral branches of the 
maxiUary nerve. 

The ganglionic branches (sphenopalatine nerves), two in number, descend 
towards the sphenopalatme ganglion, but only a few of their fibres enter the 
ganglion. 

The posterior superior dental (alveolar) branches (fig. 942) arise from the 
maxillary nerve just before it enters the infra-orbital groove ; they are generally 
two in number, but sometimes they arise by a single trunk. They descend on 
the posterior surface of the maxilla and give off twigs to the gums and adjoining 
parts of the mucous membrane of the cheek. They then enter the posterior 
dental canals on the posterior surface of the maxilla, and, passing forwards 
in the substance of the bone, communicate with the middle superior dental 
nerve, and give off branches to the lining membrane of the masdllary sinus 
and twigs to each molar tooth ; these twigs enter the foramina at the apices 
of the roots of the teeth. 

The middle superior dental (alveolar) branch is given off from the infra- 
orbital nerve in the posterior part of the infra-orbital canal, and runs downwards 
and forwards in a canal in the lateral wall of the maxillary sinus to supply the 
two premolar teeth. It forms a superior dental plexus with the anterior-and 
posterior superior dental branches. 

The anterior superior dental (alveolar) branch (fig. .942) leaves the lateral 
side of the infra-orbital nerve in the front part of the infra-orbital canal, and 
runs in a canal in the anterior wall of the maxillary sinus. At first it curves 
beneath the infra-orbital foramen and passes medially towards the nose ; it then 
turns downwards and divides into branches which supply the incisor and canine 
teeth. It communicates with the middle superior dental branch, and gives 
off a nasal brarich, which passes through a minute canal in the lateral wall of 
the inferior meatus, and supplies the mucous membrane of the anterior part 
of the inferior meatus and the floor of the nasal cavity, communicating with 
the nasal branches from the sphenopalatine ganglion. 

The palpebral branches ascend behind the orbicularis oculi. They supply 
the skin and conjunctiva of the lower eyeM, and join with the facial and 
zygomaticofacial nerves near the lateral angle of the eye. 

The nasal branches supply the skin of the side of the nose and of the 
movable part of the nasal septum, and join with the external nasal branch of 
the anterior ethmoidal nerve. 

The labial branches are large and numerous ; they descend behind the 
levator labii superioris, and supply the skin of the anterior part of the cheek, 
the skui of the upper lip, the mucous membrane of the mouth, and the labial 
glands. They are joined by branches from the facial nerve, and form with 
them the infra-orbital plexus. 

The sphenopalatine ganglion (fig. 943) is the largest of the ganglia associated 
with the branches of the trigeminal nerve, and is deeply placed in the pterygo- 
palatine fossa, close to the sphenopalatine foramen and in front of the pterygoid 
canal. It is somewhat fiattened, of a reddish-grey colour, and is situated just 
below the maxillary nerve as it crosses the fossa. It receives ganglionic branches 
from the maxillary nerve, and sympathetic and, probably, parasympathetic 
branches from the nerve of the pterygoid canal (fig. 943). 

Most of the fibres conveyed by the ganglionic branches are not relayed in 
the ganglion but pass directly into the palatine and nasal nerves which spring 
Tfoin the ganglion. • 
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The nerve of the pterygoid canal is formed by the union of the greater super- 
ficial petrosal and the deep petrosal nerve. 

The greater superficial petrosal nerve is given off from the (genicular) ganglion 
of the facial nerve ; it receives a branch from the tympanic plexus, passes 
through the hiatus on the anterior surface of the petrous part^ of the temporal 
bone, and runs forwards beneath the dura mater in a groove on the bone. It 
traverses the fibrocartilage which fills the foramen lacerum, and there unites with 
the deep petrosal nerve to form the nerve of the pterygoid canal. 

The deep petrosal nerve is given off from the carotid sympathetic plexus, 
.and runs through the carotid canal lateral to the internal carotid artery. 
It then enters the fibrocartilage which fills the foramen lacerum, and joins 
with the greater superficial petrosal nerve to form the nerve of the pterygoid 
canal. 


Fig. 943. — The right sphenopalatine ganglion and its branches. 



• The nerve of the pterygoid canal runs forward through the pterygoid canal, 
where it is accompanied by the corresponding artery, and is joined by a smaU 
ascending branch from the otic ganghon. Finally, it enters the pterygopalatine 
fossa and joins the sphenopalatine ganglion. 

The branches of the sphenopalatine ganghon are divisible into four groups, 
viz. orbital, palatine, nasal, and pharyngeal. 

The orbital branches are two or three delicate filaments which enter the 
orbit by the inferior orbital fissure, and are distributed to the periosteum and 
the orbitahs muscle ; some twigs pass through the posterior ethmoidal foramen 
to the sphenoidal and ethmoidal sinuses, and others are said to convey some of 
the secretomotor fibres to the lacrimal gland. 

The palatine nerves (fig. 943) are distributed to the roof of the mouth, the 
soft palate, the tonsil, and the lining membrane of tfie nasal cavity. Most of 
their fibres are derived from the ganghonic branches of the maxiUary nerve. 

The greater palatine nerve (anterior palatine nerve) descends through the 
greater palatine canal (pterygopalatine canal), emerges upon the hard palate 
through the greater palatine foramen, and runs forwards in a groove on the 
inferior surface of the bony palate, nearly as far as the incisor teeth. It suppHes 
the gums, and the mucous membrane and glands of the hard palate, and com- 
municates in front with terminal filaments of the long sphenopalatine (naso- 
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pdtlatiiic) nerve, W^hile in the greater palatine canal, it gives off fidscbl hTo/mches^ 
which emerge through openings in the perpendicular plate of the palatine bone, 
and. ramify over the inf erior nasal concha and the walls of the middle and 
inferior meatuses ; at its exit from the canal, palatine branches are distributed 
to both surfaces of the soft palate. 

The lesser palatine nerves (middle and posterior palatine nerves) descend 
through the greater palatine canal, emerge through the lesser palatine foramina 
and supply branches to the uvula, tonsil and soft palate. 

The long and short sphenopalatine nerves enter the nasal cavity through the 
sphenopalatine foramen. The long sphenopalatine (nasopalatine) nerve crosses 
the roof of the nasal cavity below the orifice of the sphenoidal sinus, and then 


Fig. 944. — A scheme showing the roots and the branches of distribution of the 
sphenopalatine ganglion. 



runs obliquely downwards and forwards on the posterior part of the nasal 
septum, lying in a groove on the vomer. It descends to the roof of the mouth 
through the incisive canal, and communicates with the corresponding nerve of 
the opposite side and with the greater palatine nerve. It furnishes a few 
filaments to the mucous membrane of the nasal septum. The short spheno- 
palatine nerves (posterior superior nasal branches) supply the mucous membrane 
covering the superior and middle nasal conchse, the lining of the posterior 
ethmoidal sinuses and the posterior part of the nasal septum. 

The pharyngeal nerve, a small branch, arises from the posterior part of the 
ganglion, passes through the palatinovaginal (phar 3 mgeal) canal with the 
pharyngeal branch of the maxillary artery, and is distributed to the mucous 
membrane of the nasal part of the pharynx, behind the pharyngotympanic 
(auditory) tube. 


The Mandibular Nerve (figs. 942, 945) 

The mandibular nerve supplies the teeth and gums of the mandible, the sT^in 
of the temporal region, part of the auricle, the lower lip, the lower part of the 
face, and the muscles of mastication ; it also supplies the mucous membrane 
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of the anterior two-thirds of the tongue and the floor of the mouth. It is the 
largest division of the trigeminal nerve, and is made up of two roots : a large, 
sensory root, which proceeds from the lateral part of the trigeminal (semilunar) 
ganglion and emerges almost immediately through the foramen ovale of the 
sphenoid bone ; and a small motor root (the motor part of the trigeminal) 
which passes below the ganglion, and unites with the sensory root, just outside 
the foramen ovale, where the nerve lies between the tensor palati muscle 
medially and the lateral pterygoid laterally. Immediately beyond the junction 
of the two roots the nerve sends off from its medial side the nervus spinosus 
and the nerve to the medial pterygoid muscle, and then divides into a small 
anterior and a large posterior trunk. 

The nervus spinosus enters the skull through the foramen spinosum with 
the middle meningeal artery. It divides into two branches, anterior and 
posterior, which accompany the main divisions of the artery and supply the 
dura mater ; the posterior branch also supplies a twig to the mucous liniTig r 
of the mastoid air-cells ; the anterior communicates with the meningeal branch 
of the maxillary nerve. 

The nerve to the medial pterygoid muscle is a slender branch which enters 
the deep surface of the muscle: it gives one or two filaments to the otic 
ganglion. 

The small anterior trunk gives off (a) a sensory branch named the buccal 
(buccinator) nerve, and (6) motor branches, viz. the masseteric, deep temporal 
and lateral pterygoid nerves. 

The buccal nerve (buccinator nerve) (fig. 945) passes forwards between the 
two heads of the lateral pterygoid, and downwards beneath or through the 
lower part of the temporal muscle ; it emerges from under the anterior border 
of the masseter, and unites with the buccal branches of the facial nerve. It 
furnishes a branch to the lateral pterygoid during its passage through that 
muscle, and may give off the anterior deep temporal nerve. The buccal nerve 
supphes the skin over the anterior part of the buccinator muscle, and the 
mucous membrane lining its inner surface and the posterior part of the buccal 
surface of the gum. 

The masseteric nerve (fig. 945) passes laterally, above the lateral pterygoid, 
in front of the mandibular articulation, and behmd the tendon of the temporal 
muscle ; it crosses the posterior part of the mandibular notch with the masseteric 
artery, ramifies in the deep surface of the masseter, and gives a filament to the 
mandibular joint. 

The deep temporal nerves are usually two in number, anterior and posterior. 
They pass above the upper border of the lateral pterygoid and enter the deep 
surface of the temporal muscle. The posterior branch, of small size, is placed 
at the posterior part of the temporal fossa, and sometimes arises in common 
with the masseteric nerve. The anterior branch is frequently given off from the 
buccal nerve, and then ascends over the upper head of the lateral pterygoid. 
A third, or intermediate, branch is often present. 

The nerve to the lateral pterygoid enters the deep surface of the muscle. 
It may arise separately from the anterior division of the mandibular nerve, 
or in conjunction with the buccal nerve. 

The large posterior trunk of the mandibular nerve is for the most part 
sensory, but receives a few filaments from the motor root. It divides into 
auriculotemporal. Ungual and inferior dental (inferior alveolar) nerves. 

The auriculotemporal nerve generally arises by two roots, which encircle 
the middle meningeal artery (fig. 942). It runs backwards under cover of the 
lateral pterygoid on the surface of the tensor palati and passes between the 
sphenoman^bular Ugament and the neck of the mandible. It then passes 
laterally behind the mandibular joint in relationship with the upper part of 
the parotid gland. Finally it ascends,, posterior to the superficial temporal 
vessels, over the zygomatic arch, and divides into superficial temporal branches. 

The auriculotemporal nerve communicates with the facial nerve and the 
otic gangUon. The branches to the facial nerve, usually two in number, pass 
forwards and laterally behind the neck of the mandible and join the facial nerve 
at the posterior border of the masseter. The filaments to the otic ganglion are 
derived from the roots of the auriculotemporal nerve close to their origin. 
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The branches of the auriculotemporal nerve are the anterior auricular, 
branches to the external auditory meatus, articular, parotid and superficial 
temporal. 

The auricular branches are usually two in number ; they supply the front 
of the upper part of the auricle, being distributed principally to the skin covering 
the front of the helix and tragus. 

The branches to the external auditory meatus, two in number, pass between 
the bony and cartilaginous parts of the meatus, and supply the skin of the 
meatus ; the upper one sends a twig to the tympanic membrane. 

The articular branches consist of one or two twigs which enter the posterior 
part of the mandibular joint. 

Fig. 945. — dissection of the left pterygoid region, showing some of the 
branches of the mandibular nerve and the internal maxillary artery. 
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The parotid branches convey secretomotor fibres to the parotid gland. These 
are originally derived from the glossopharyngeal nerve and travel by the lesser 
superficial petrosal nerve and the otic ganglion to reach the auriculotemporal 
nerve. 

The superficial temporal branches accompany the superficial temporal artery 
and its terminal branches ; they supply the skin of the temporal region and 
communicate with the facial and zygomaticotemporal nerves. 

The lingual nerve (fig. 942) is sensory to the mucous membrane of the anterior 
two-thirds of the tongue, and to the floor of the mouth and the mandibular 
gums. 

It arises from the posterior division of the mandibular nerve, and lies at 
^st in relation with the deep surface of the lateral pterygoid muscle, where it 
is joined by the chorda tympani branch of the facial nerve, and frequently by 
a branch of the inferior dental nerve. Emerging from under cover of the 
lateral pterygoid muscle the lingual nerve proceeds downwards and forwards 
between the ramus of the mandible and the medial pterygoid muscle, lying 
anterior to, and slightly deeper than the inferior dental nerve. It then 
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passes below the mandibular origin of the superior constrictor of the phar3nix, 
and lies against the deep surface of the mandible on the medial side of the 
roots of the third molar tooth, where it is covered only by the mucous mem- 
brane of the mouth. It next crosses the styloglossus, and runs on the lateral 
surface of the hyoglossus and deep to the mylohyoid muscle ; here it is placed 
above the deep part of the submandibular (submaxillary) gland and its 
duct. It then proceeds forwards on the side of the tongue, lying lateral to the 
hyoglossus and genioglossus, and divides into its terminal branches, which lie 
directly under cover of the mucous membrane of the tongue. In the latter part 
of its course the nerve is in close relation with the submandibular duct ; it 
passes from above downwards and forwards on the lateral side of the duct, and, 
then winding below it, runs upwards and forwards on its medial side. 


Fig. 946. — ^The right otic ganglion and its branches displayed from the 

medial side. 



In addition to receiving the chorda tympani and the branch from the in- 
ferior dental nerve, already referred to, the lingual nerve sends two or three 
branches to the submandibular (submaxillary) ganglion, and, at the anterior 
margin of the hyoglossus muscle, forms loops of communication with twigs of 
the hypoglossal nerve. 

The branches of the lingual nerve supply the sublingual gland, the mucous 
membrane of the mouth, the lingual surface of the gums, and the mucous 
membrane of the anterior two-thirds of the tongue ; the terminal filaments 
join, at the tip of the tongue, with those of the hypoglossal nerve. 

The inferior dental nerve descends with the inferior dental artery, at first 
undei; cover of the lateral pterygoid muscle, and then between the spheno- 
mandibular ligament and the ramus of the mandible to the mandibular foramen. 
Here it enters the mandibular canal, and runs below the teeth as far as the mental 
foramen, where it divides into an incisive and a mental branch. 

The inferior dental nerve gives off the mylohyoid nerve, branches to the 
molar and premolar teeth of the mandible, the incisive and the mental nerves. 

The mylohyoid nerve is derived from the inferior dental nerve just before 
the latter enters the mandibular foramen. It pierces the sphenomandibular 
ligament, descends in a groove on the medial surface of the ramus of the 
mandible, and reaching the under surface of the mylohyoid supplies this muscle 
and the anterior belly of the digastric. 

The branches to the molar and premolar teeth supply the adjoining gum 
also. Before they enter the roots of the teeth they communicate with one 
another and form an inferior dental plexus. 
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The incisim branch is continued onwards within the bone and supplies the 
canine and incisor teeth.* 

The mental nerve emerges at the mental foramen, and divides beneath the 
depressor anguli oris muscle into three branches ; one descends to the skin of 
the chin, and two ascend to the skin and mucous membrane of the lower lip ; 
these branches communicate freely with the facial nerve (mandibular branch). 

Two small ganglia, named the otic and the submandibular, are connected 
with the mandibular nerve. 

The otic ganglion (figs. 946, 947) is a small, oval-shaped, flattened ganglion 
of a reddish-grey colour, situated immediately below the foramen ovale ; it 
lies on the medial surface of the mandibular nerve, and surrounds the origin 
of the nerve to the medial pterygoid muscle. It is in relation laterally with 
the trunk of the mandibular nerve at the point where the motor and sensory 
roots join ; medially^ with the tensor palati, by which it is separated from the 
cartilaginous part of the pharyngot 5 rmpanic (auditory) tube ; posteriorly^ with 
the middle meningeal artery. 

It is connected by two or three short filaments with the nerve to the medial 
pterygoid muscle (fig. 947). It communicates with the glossopharyngeal and 
facial nerves, through the lesser superficial petrosal nerve continued from the 
tympanic plexus, and through this nerve receives parasympathetic roots from 
the glossopharyngeal nerve ; its sympathetic roots are from the sympathetic 
plexus on the middle meningeal artery. 

Branches, — twig ascends from the otic ganglion to join the nerve of the 
pterygoid canal, and another connects the ganglion with the chorda tympani 
nerve. Two or more branches run backwards and join the roots of the auriculo- 
temporal nerve ; these branches probably carry secretomotor fibres from the 
glossopharyngeal nerve to the parotid gland. A filament is supphed to the 
tensor tympani muscle, and another to the tensor palati muscle. The former 
passes backwards, lateral to the pharjmgotympanic tube ; the latter arises 
from the ganglion, near the origin of the nerve to the medial pterygoid and is 
directed forwards. The fibres of the nerves to the tensor tympani and tensor 
palati are mainly derived from the nerve to the medial pterygoid muscle. 

The submandibular ganglion (submaxillary ganglion) (figs. 942, 948) is 
small, and somewhat fusiform in shape. It is situated on the upper part of the 
hyoglossus, and deep to the posterior fibres of the mylohyoid muscle. Here it is 
placed above the deep part of the submandibular gland and below the lingual 
nerve, and is suspended from the latter by an anterior and a posterior filament. 
Through the posterior filament it receives fibres from the lingual and chorda 
t 5 mpani nerves. Sympathetic fibres are conveyed to the ganglion from the 
plexus oh the cervical part of the facial artery (fig. 942). 

Eive or six branches arise from the ganglion, and supply the mucous mem- 
brane of the mouth, and the submandibular gland and its duct. Fibres pass 
through the filament connecting the fore part of the ganglion to the lingual 
nerve, and are conveyed to the sublingual gland and the tongue. 

The mandibular nerve is distributed to the structures derived from the 
mandibular arch, and represents the post-trematic branch of the trigeminal 
nerve. The connexion of the nerve with the arch is indicated by : (1) its close 
relationship to the sphenomandibular ligament and the mandible ; (2) its 
distribution to the anterior portion of the tongue ; (3) its distribution to the 
anterosuperior part of the auricle ; and (4) its union with the pretrematic 
nerve of the hyomandibular cleft, viz. the chorda tympani branch of the facial 
nerve. 

Applied Anatomy, — A lesion of the whole trigeminal nerve causes anaesthesia of the 
corresponding anterior half of the scalp, of the face (excepting a small area near the angle 
of the mandible supplied by the great auricular nerve), of the cornea and conjunctiva, and 
of the mucous membranes of the nose, mouth and tongue. Paralysis and atrophy occur 
in the muscles supplied by the nerve and, when the mouth is opened the mandible is thrust 

* According to C. Starkie and D. Stewart {Journal of Anatomy, vol. Ixv. 1931), the 
nerves which supply the incisor teeth form an elaborate plexus on the external aspect of 
the mandible, after emerging from the mental foramen and before they enter the bone. 
The canine tooth may be supplied either from the incisor plexus or from the plexus which 
innervates the premolars. 
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over to the paralysed side. Lesions of the divisions of the nerve give a more limited sensory 
loss and, if aifecting the lingual nerve below the point at which it is joined by the chorda 
t3nnpani, will be accompanied by loss of taste in the corresponding half of the anterior part 
of the tongue. 

Trigeminal nerve reflexes . — ^Pains referred to. various branches of the trigeminal nerve 
are of very frequent occurrence. As a general rule the diffusion of pain over the various 
branches of the nerve is at first confined to one only of the main divisions, although in 
severe cases pain may radiate over the branches of the other main divisions. The common- 
est example of this condition is the neuralgia which is so often associated with dental caries 
— here, although the tooth itself may not appear to be painful, the most distressing referred 
pains may be experienced, and these are at once relieved by treatment directed to the 
affected tooth. 

Many other examples of trigeminal reflexes could be quoted, but it will be sufficient 
to mention the more common ones. In the area of the ophthalmic nerve, severe supra- 
orbital pain is commonly associated with acute glaucoma or with disease of the frontal or 
ethmoidal sinuses. Malignant growths or empyema of the maxillary sinus, or unhealthy 
conditions about the inferior conchse or the septum of the nose, are often found giving 


Fiq. 949. — diagram showing the cutaneous nerve-areas of the face and scalp. 
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rise to * second division * neuralgia, and should be always looked for in the absence of 
dental disease in the maxilla. It is on the mandibular nerve, however, that some of the 
most striking reflexes are seen. It is quite common to meet with patients who complain 
of pain in the ear, in whom there is no sign of aural disease, and the cause is usuaUy to be 
found in a carious tooth in the mandible. Moreover, with an ulcer or cancer of the tongue, 
often the first pain to be experienced is one which radiates to the ear and temporal fossa, 
over the distribution of the auriculotemporal nerve. 

The trigeminal nerve is often the seat of severe neuralgia for which no local cause can 
be discovered ; each of the three divisions has been divided, or a portion of nerve excised 
for this affection, usually, however, with only temporary relief. 

The lingual nerve is occasionally divided with a view to relieving the pain in cancerous 
disease of the tongue. This may be done in that part of its course where it lies below and 
behind the last molar tooth. If a line be drawn from the middle of the crown of the last 
molar tooth to the angle of the mandible it will cross the nerve, which lies about 1-25 cm. 
behind the tooth, parallel to the bulgiug alveolar ridge on the inner side of the body of 
the bone. 

In severe cases of neuralgia of the trigeminal nerve, the trunks of the maxillary and 
mandibxdar nerves may be iujected with alcohol ; if this treatment fails the trigeminal 
ganglion may be removed in whole or in part, or the sensory root of the nerve may be 
divided. Attempts at avulsion of the whole ganglion, however, frequently result in death 
owing to laceration of the cavernous sinus dxuing the exposure and separation of the 
ophthalmic nerve from the ganglion. In cases where the neuralgia has been limited to 
the maxillary nerve intracranial resection of that nerve alone has been performed with 
great success. In other cases where the disease has not affected the ophthalmic division, 
resection of the lateral half of the ganglion only, with the maxillary and mandibular nerves, 
has been performed, thus leaving the sensory nerve supply to the cornea intact. The motor 
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root is usually resected with the mandibular nerve, leading to complete paralysis of the 
muscles of mastication on that side. In the most recent operation the sensory root is 
divided behind the trigeminal ganglion ; the motor root may in thia way be left intact. 


The Abdttceht Nerve (fig. 940 ) 

The abducent nerve supplies the lateral rectus muscle of the eyeball. 

Its fibres arise from a small nucleus which is situated in the upper part 
of the floor of the fourth ventricle, close to the median plane and beneath the 
colliculus facialis. They pass downwards and forwards through the pons, and 
emerge in the furrow between 
the lower border of the pons and 
the upper end of the pyramid 
of the medulla oblongata. 

The nucleus of the abducent 
nerve represents the somatic 
efferent column and retains its 
primitive position close to the 
median plane (p. 910). 

Connexions . — ^The nucleus of 
the abducent nerve receives 
fibres from : (1) the pyramidal 
tract of the opposite side ; (2) 
the medial longitudiaal bundle, 
by which it is connected with 
the nuclei of the third, fourth 
and eighth cranial nerves ; and 
(3) the tectobulbar tract, by 
wiiioh it is connected with the visual cortex through the medium of the superior 
quadrigeminal body. 

After leaving the surface of the brain-stem, the abducent nerve runs upwards, 
forwards and laterally through the cistema pontis, and usually dorsal to the 
anterior inferior cerebellar artery. It pierces the dura mater lateral to the 
dorsum sellae of the sphenoid bone and then bends sharply forwards as it 
crosses the superior border of the petrous part of the temporal bone close to 
its apex. In this situation it passes below the petrosphenoidal ligament — a 
fibrous band which connects the lateral margin of the dorsum sellse to the 
upper border of the petrous part of the temporal bone near its medial end. It 
next traverses the cavernous sinus, lying at &st lateral and then inferolateral to 
the internal carotid artery, and enters the orbital cavity through the medial part 
of the superior orbital fissure. It passes within the common tendinous ring from 
which the recti muscles of the eyeball arise, lying below the oculomotor and 
nasociliary nerves, and finally sinks into the ocular surface of the lateral rectus. 

In the cavernous sinus the abducent nerve is joined by several filaments 
from the internal carotid plexus, and communicates with the ophthalmic nerve. 

The oculomotor, trochlear, ophthalmic and abducent nerves bear certain 
relations to each other in the cavernous sinus, at the superior orbital fissure, 
and in the cavity of the orbit, as follows. 

In the cavernous sinus (fig. 950), the oculomotor, trochlear and ophthalmic 
nerves are placed in the lateral wall of the sinus, in the order given, from 
above downwards ; the abducent nerve lies at the lateral side of the internal 
carotid artery. As these nerves pass forwards to the superior orbital fissure, the 
oculomotor and ophthalmic nerves divide into branches, and the abducent nerve 
approaches the others ; so that their relative positions are considerably changed. 

In the superior orbital fissure (fig, 951), the trochlear nerve and the frontal 
and lacrimal divisions of the ophthalmic nerve lie in this order from the medial 
to the lateral side upon the same plane ; they enter the cavity of the orbit 
above the muscles. The remaining nerves enter the orbit within the common 
tendinous ring. The superior division of the oculomotor nerve is the highest 
of these, and is separated from the inferior division by the nasociliary nerve 
(fig. 951) ; the abducent nerve is placed on the lateral side of the inferior 
division of the oculomotor nerve. 

2i. 


Fig. 950. — ^An oblique section through the left 
cavernous sinus. Posterior aspect. 


Internal carotid artery 
Cavernous sinus 


Oculorrwtor nerve 
Trochlear nerve 

Ophthalmic nerve 
Abducent nerve 

Maxillary nerve 



G.A 



1058 


NEUROLOGY 


In the orbit (fig. 939) the trochlear, frontal and lacrimal nerves lie immed- 
iately below the periosteum ; the trochlear nerve at once enters the obliquus 

Fig. 951 . — Scheme to show the common tendinous ring, the origins of the Recti, and 
the relative positions of the nerves entering the orbital cavity through the 
superior orbital fissure. (Modified from a figure in WhitnalFs Anatomy of the 
Human Orbit ; Oxford Medical Publications.) 


Rectus superior 



superior, the frontal lies on the levator palpebrse Superioris, and the lacrimal on 
the rectus lateralis. The superior division of the oculomotor nerve lies immed- 
iately below the rectus superior, while the nasociliary nerve crosses the optic 

Fig. 952.— a dissection showing the origins of the right ocular muscles, and the 
nerves entering the orbit through the superior orbital fissure. 
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nerve to reach the medial wall of the orbit. The inferior division of the oculo- 
motor nerve and the abducent nerve, which lies on the medial surface of the 
rectus laterahs, lie below the optic nerve. 

Applied Anatomy . — The abducent nerve is occasionally involved in fractures of the base 
of the skull. The result of paralysis of this nerve is medial or convergent squint. Diplopia 
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is also present. When injured so that its function is destroyed, there is, in addition to 
the paralysis of the rectus lateralis, often a certain amount of contraction of the pupil, 
because some of the sympathetic fibres to the dilatator pupillae muscle are conveyed through 
this nerve. 


iEE Facial Neeve (figs. 953 to 956) 

The facial nerve consists of a motor and a sensory root {mrms intermedins) 
(fig. 836). The two roots appear at the lower border of the pons just lateral to 
the recess between the olive and the inferior cerebellar peduncle (restiform 
body), the motor part being the more medial ; the auditory nerve Hes immed- 
iately to the lateral side of the sensory. 


Fig*. 953. — plan of the facial nerve. The course of the sensory fibres is 
represented by the blue lines. 



The motor part supplies the muscles of the face, scalp, and auricle, the 
buccinator, platysma, stapedius, stylohyoid, and posterior belly of the digastric 
and the secretomotor fibres for the submandibular (submaxillary) and sub- 
hngual salivary glands and for the lacrimal gland ; the sensory part conveys 
from the chorda tympani nerve the fibres of taste for the anterior two-thirds of 
the tongue, and from the palatine and greater superficial petrosal nerves the 
fibres of taste from the soft palate. 

The nucleus from which most of the motor fibres of the facial nerve are 
derived lies deeply in the reticular formation of the lower part of the pons. 
It is situated behind the dorsal nucleus of the corpus trapezoideum (superior 
olivary nucleus) and ventrimedial to the nucleus of the spinal tract of the 
trigeminal nerve. It represents the branchial (special visceral) efferent column, 
but it lies much more deeply in the pons than might be expected, and its out- 
going fibres pursue a very unusual course. Both these features are explicable 
in accordance with the principle of neurobiotaxis (p. 911). The nucleus receives 
fibres from the pyramidal tract of the opposite side. In addition, some of the 
efferent fibres of the facial nerve take ori^ from the superior salivary nucleus, 
which lies in the reticular formation, dorsilateral to the caudal end of the motor 
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nucleus. It represents the general visceral efferent column, and it sends its 
fibres to join the motor root, by which they are ultimately distributed through 
the chorda tympani to the submandibular (submaxillary) and sublingual salivary 
gland.* From this double origin the fibres of the motor root pass backwards and 
mediaUy, and, reaching the lower end of the nucleus of the abducent nerve, run 
upwards superficial to this nucleus beneath the colliculus facialis. At the upper 
end of the nucleus of the abducent nerve they make a second bend, and run 
downwards and forwards through the pons to their point of emergence between 
the olive and the inferior cerebellar peduncle (restiform body) (figs. 836, 851). 

The sensory nucleus of the facial nerve is the upper part of the nucleus of the 
tracius solitarius of the medulla oblongata (p, 913). It receives afferent fibres 
from the sensory root and sends efferent fibres to the cortex, probably to the 
hippocampal gyrus in the neighbourhood of the uncus. Their pathway is 
unkn own, but it is almost certain that they have a cell station in the thalamus. 

The sensory root (nervus intermedius) consists of the central branches of 
the axons of the unipolar cells of the facial (geniculate) ganglion, which leave 
the trunk of the facial nerve in the internal auditory meatus and pass centrally, 
in close relation with the motor root and the auditory nerve, to enter the brain- 
stem at the lower border of the pons. 

From their attachments to the brain, the two roots of the facial nerve pass 
laterally and forwards with the auditory nerve to the opening of the internal 

auditory meatus. In the 
meatus the motor root hes 
in a groove on the upper 
and anterior surface of the 
auditory nerve, the sensory 
root being placed between 
them. 

At the bottom of the 
meatus, the facial nerve 
enters the facial canal. In 
this canal the nerve runs 
at first laterally above the 
vestibule, and reaching the medial waU of the epitympanic recess, bends suddenly 
backwards above the promontory, and arches downwards in the medial wall of 
the aditus to the tympanic antrum. Finally it descends to reach the stylo- 
mastoid foramen. The point where it bends suddenly backwards is named the 
genu ; it presents a reddish gangliform swelling, named the ganglion of the facial 
nerve (fig. 964). On emerging from the stylomastoid foramen, the facial nerve 
runs forwards m the substance of the parotid gland, crosses the styloid process 
and the external carotid artery, and divides behind the ramus of the mand- 
ible into branches which pierce the anteromedial surface of the parotid gland 
and diverge from one another under cover of it. They form a network 
(parotid plexus) and are distributed to the superficial muscles on the side 
of the head, face, and upper part of the neck. 

The branches of communication of the facial nerve may be arranged as follows : 

In the internal auditory 
meatus . 


At the facial ganglion 


In the facial canal 
At its exit from the stylo- 
mastoid foramen 
Behind the ear . 

On the face 
In the neck 

* The source of the secretomotor fibres to the lacrimal gland is uncertain. 


With the auditory nerve. 

'With the sphenopalatine ganglion by the 
greater superficial petrosal nerve. 

With the otic ganglion by a branch which 
joins the lesser superficial petrosal nerve. 
With the sympathetic plexus on the middle 
^ meningeal artery. 

With the auricular branch of the vagus iierve. 
/With the glossopharyngeal, vagus, great 
1 auricular, and auriculotemporal nerves. 
With the lesser occipital nerve. 

With the trigeminal nerve. 

With the anterior cutaneous cervical nerve. 


Fig. 954. — The course and connexions of the facial nerve 
in the temporal bone. 


External petrosal. 
Branch to join lesser superficial petrosal- 
Greater superficial petrosal 

Facial ganglion 


Facial 
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In the internal auditory meatus some minute filaments pass from the facial 
nerve to the auditory nerve. 

The greater superficial petrosal nerve arises from the ganglion of the facial 
nerve, and consists chiefiy of taste fibres which are distributed to the mucous 
membrane of the soft palate ; but it probably contains a few parasympathetic 
fibres which are destined for the sphenopalatine ganglion and are there relayed 
through the zygomatic and lacrimal nerves (p. 1048) to the lacrimal gland. It 
receives a twig from the tympanic plexus, passes forwards through the hiatus 
on the anterior surface of the petrous portion of the temporal bone and runs in 
a groove on the bone. It passes beneath the trigeminal ganglion and reaches 
the foramen lacerum. In this foramen it is joined by the deep petrosal nerve 
from the sympathetic plexus on the internal carotid artery, and forms the nerve 
of the pterygoid canal, which passes forwards through the pterygoid canal and 
ends in the sphenopalatine ganglion. From the ganglion of the facial nerve a 
branch runs to join the lesser superficial petrosal nerve, and is conveyed through 
this nerve to the otic ganglion. The sympathetic plexus on the middle meningeal 
artery is joined to the ganghon of the facial nerve by an inconstant branch, 
sometimes named the external petrosal nerve. 

Before the facial nerve emerges from the stylomastoid foramen, it receives 
a twig from the auricular branch of the vagus. 

After its exit from the stylomastoid foramen, the facial nerve receives a 
twig from the glossopharyngeal nerve, and communicates with the great 
auricular and auriculotemporal nerves in the parotid gland, with the lesser 
occipital nerve behind the ear, with the terminal branches of the trigeminal 
nerve on the face, and with the anterior cutaneous cervical nerve in the 
neck. 

The branches of distribution (figs. 953, 955) of the facial nerve may be grouped 
as follows : 


Within the facial canal . 

At its exit from the stylo- 
mastoid foramen 


On the face . 


rNerve to the stapedius muscle. 
\ Chorda tympani. 

( Posterior auricular, 
j Digastric, posterior belly. 

I Stylohyoid. 

[Temporal. 

Zygomatic. 

Buccal. 

Mandibular. 

ICervical. 


The nerve to the stapedius arises from the facial nerve opposite the pyramidal 
eminence on the posterior waU of the tympanic cavity ; it passes forwards 
through a small canal to reach the muscle. 

The chorda tympani nerve (fig. 942) arises from the facial nerve about 6 mm. 
above the stylomastoid foramen. It runs upwards and forwards in a canal, and 
enters the tympanic cavity through the posterior canahculus for the chorda 
tympani nerve, which is situated on its posterior wall, close to the posterior 
border of the medial surface of the tympanic membrane and on a level with the 
upper end of the manubrium of the malleus. It traverses the tympanic cavity, 
between the fibrous and mucous layers of the tympanic membrane, crosses the 
manubrium of the malleus, and leaves the cavity through the anterior canal- 
iculus for the chorda tympani nerve, which is placed at the inner end of the 
petrotympanic fissure. The nerve now runs dowmwards and forwards on the 
medial surface of the spine of the sphenoid bone (which it sometimes grooves) 
and passes deep to the lateral pterygoid muscle. In this part of its course the 
nerve lies on the tensor palati and is crossed by the mid^e meningeal artery, 
the roots of the auriculotemporal nerve and the inferior dental nerve. Finally 
it joins the posterior border of the lingual nerve at an acute angle. It contains 
a few efierent secretomotor fibres which enter the submandibular (submaxillary) 
ganglion, which sends postganglionic fibres to the submandibular and sub- 
lingual glands ; the majority of its fibres are afferent, and are continued onwards 
through the muscular substance of the tongue to the mucous membrane covering 
its anterior two-thirds ; they constitute the nerve of taste for this portion of 
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the tongue. Before uniting with the lingual nerve the chorda tympani is 
joined by a small branch from the otic ganghon. 

The posterior auricular nerve arises close to the stylomastoid foramen and 
runs upwards in front of the mastoid process ; here it is joined by a filament 
from the auricular branch of the vagus nerve, and communicates with the 
posterior branch of the great auricular nerve, and with the lesser occipital 
nerve. As it ascends between the external auditory meatus and the mastoid 
process it divides into an auricular and an occipital branch. The auricular 


Fig. 955. — ^The nerves of the right side of the scalp, face, and neck. 



branch supplies the auricularis posterior and the intrinsic muscles on the cranial 
surface of the auricle (pinna). The occipital branch, the larger, passes backwards 
along the superior nuchal line of the occipital bone, and supplies the occipital 
belly of the occipitofrontahs. 

The digastric branch arises close to the stylomastoid foramen, and divides 
into several filaments which supply the posterior belly of the digastric ; one of 
these filaments joins the glossopharyngeal nerve. 

The stylohyoid branch, long and slender, frequently arises in conjunction 
with the digastric branch ; it enters the middle part of the stylohyoid muscle. 

The temporal branches cross the zygomatic arch to the temporal region. 
They supply the intrinsic muscles on the lateral surface of the auricle, the 
anterior and superior auricular muscles, and join with the zygomaticotemporal 
branch of the maxillary nerve, and with the auriculotemporal branch of the 
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mandibular nerve. The more anterior branches supply the frontal belly of the 
occipitofrontalis, the orbicularis oculi and the corrugator, and join the supra- 
orbital and lacrimal branches of the ophthalmic nerve. 

The zygomatic branches run across the zygomatic bone to the lateral angle 
of the eye ; they supply the orbicularis oc^, and join with filaments of the 
lacrimal nerve and the zygomaticofacial branch of the maxillary nerve. 

The buccal branches pass horizontally forwards to be distributed below the 
orbit and around the mouth. The superficial branches run between the skin 
of the face and the superficial muscles, and supply the latter ; some are dis- 


Fig. 956. — The cutaneous branches of the trigeminal nerve. 
Supra-orbital n. 


Medial branch 


Lateral branch 


Supra-orbital a. 
Supratrochlear n. 


Infratrochlear n. 
Facial a. 


External- 
nasal n. 


Infra-orbital n. 

Buccal n. 

Facial a. 
Ant, facial v. 
Mental n. 


Lacrimal n* 

Zygomaticotemporal n. 

Zygomaticofacial n. 

Superficial 
temporal vessels 
Auriculo- 
temporal n. 



Great auricular n. 

Post, facial v. 

Mandibular branch of facial n. 


The branches of the facial nerve are seen emerging from the parotid gland. 


tributed to the procerus,* joining with the infratrochlear and external nasal 
nerves. The upper deep branches pass under cover of the zygomaticus major 
and the levator labii superioris, suppljdng them and forming an infra-orbital 
plexus with the superior labial branches of the infra-orbital nerve ; they also 
supply the levator anguli oris, the zygomaticus minor, the levator labii superioris 
alaeque nasi and the small muscles of the nose. These branches are sometimes 
described as lower zygomatic branches. The lower deep branches supply the 
buccinator and orbicularis oris, and join with filaments of the buccal branch of 
the mandibular nerve. 

The mandibular branch runs forwards below the angle of the mandible under 
cover of the platysma. It lies at Jfirst superficial to the upper part of the d*- 
gastric triangle and then turns upwards and forwards across the body of the 
mandible to he under cover of the depressor anguli oris (triangularis) (fig. 956). 
It supphes the risorius and the muscles of the lower hp and chin, and joins the 
mental branch of the inferior dental nerve. 
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The cervical branch issues from the lower part of the parotid gland, runs 
forwards and downwards under cover of the platysma to the front of the neck. 
It supplies the platysma and communicates with the anterior cutaneous 
cervical nerve. 

Applied Anatomy . — Eaoial palsy is commonly unilateral, and may be either : (1) peri- 
pTieralf from lesion of the facial nerve ; (2) nucleaT, from destruction of the facial nucleus ; 
or (3) central, cerd>ral or supranuclear, from injury in the brain to the fibres passing from 
the cortex thrmigh the internal capsule to the facial nucleus, or from injury to the face- 
area of the motor cortex itself. In supranuclear facial paralysis, which is usually part of 
a hemiplegia, it is the lower part of the face that is chiefly affected, while the forehead 
can be freely wrinkled on the palsied side, the eye can be closed fairly well and the eye- 
ball is not rolled up under the upper lid ; emotional movements of the face are executed 
much better than voluntary movements ; and the electrical reactions of the muscles on the 
affected side are not altered. If the paralysis is due to lesion of the facial nucleus, the 
orbicularis oris escapes, as the nuclear origin of the nerve to this muscle seems to be con- 
nected with that of the tongue-nerves ; otherwise the symptoms are identical with those 
of the common peripheral facial palsy, of which several types may be distinguished accord- 
ing to the point in its course at which the facial nerve is iujured. If the lesion occurs 
(a) in the pons, facial paralysis is produced as in (d) below ; taste and hearing are not 
affected, but the abducent nerve also will be paralysed because the fibres of the facial 
nerve loop round its nucleus in the pons. When the neirve is paralysed (&) in the petrous 
temporal, in addition to the paralysis of the motor nucleus, there is loss of taste in the 
anterior part of the tongue, and the patient is unable, from involvement of the chorda 
tymp fl.ni j to recognise the difference between bitters and sweets, acids and salines : the sense 
of hearing is affected from paralysis of the stapedius. When the cause of the paralysis is 
(c) fracture of the base of the skull, the auditory and petrosal nerves are usually involved. 
But by far the commonest cause of facial palsy is (d) exposure of the nerve to cold or injury 
at or after its exit from the stylomastoid foramen (Bell’s paralysis). In these cases the face 
looks asymmetrical even when at rest, and more so m the old than in the young. The 
affected side of the face and forehead remains motionless when voluntary or emotional 
movement is attempted. The 'lines on the forehead are smoothed out, the eye can be 
shut only by hand, tears fail to enter the lacrimal puncta because they are no longer in 
contact with the conjunctiva, the conjunctival reflex is absent, and efforts to close the eye 
merely cause the eyeball to roll upwards imtil the cornea lies under the upper lid. The 
tip of the nose is drawn over towards the sound side ; the nasolabial fold is partially 
.obliterated on the affected side, and the ala nasi does not move properly on respiration. 
The lips remain in contact on the paralysed side, but cannot be pursed for whistling ; when 
a smile is attempted the angle of the mouth is drawn up on the unaffected side but on 
the affected side the Hps remain nearly closed, and the mouth assumes a characteristic 
triangular form. During mastication food accumulates in the cheek, from paralysis of 
the buccinator, and dribbles or is pushed out from between the paralysed lips. On pro- 
trusion the tongue seems to be thrust over towards the palsied side, but verification of its 
position by reference to the incisor teeth will show that this is not really so. The platysma 
and the muscles. of the auricle are paralysed ; in severe cases the articulation of labials 
is impaired. The electrical reactions of the affected muscles are altered (reaction of 
degeneration), and the degree to which this alteration has taken place after a week or 
ten days gives a valuable guide to the prognosis. Most cases of Bell’s palsy recover 
completely. 

The facial nerve is at fault in oases of so-called ‘ histrionic spasm,’ which consists in 
an almost constant and uncontrollable twitching of some or all of the muscles of the face. 
This twitching is sometimes so severe as to cause great discomfort and annoyance to the 
patient, and to interfere with sleep, and for its relief the facial nerve has been stretched. 

The Auditory Nerve 

The auditory nerve (acoustic nerve) appears in the groove between the pons 
and medulla oblongata, behind the facial nerve and in front of the inferior 
cerebellar peduncle (restiform body) (fig. 836). It consists of two sets of fibres, 
which, although differing in their principal central connexions, are both con- 
cerned in the transmission of afferent impulses from the internal ear to the brain. 
One set of fibres forms the vestibular nerve, or nerve of equilibration, and arises 
from the cells of the vestibular ganglion situated in the bottom of the internal 
auditory meatus ; the other set constitutes the cochlear nerve, or true nerve of 
hearing, and takes origin from the cells of the spiral ganglion of the cochlea. 
Both ganglia consist of bipolar nerve-cells, and from each cell a central fibre 
passes to the brain, and a peripheral fibre to the internal ear. 
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Vestibular nerve (fig. 967).— The fibres of the vestibular nerve enter the 
brain medial to those of the cochlear nerve and on a bigbftr level. They pass 
backwards through the pons between the mferior cerebellar peduncle and the 
spinal tract of the trige min al nerve and divide into ascending and descending 
branches which mostly end in the vestibular nuclei, although many proceed 
direct to the cerebellum along the inferior cerebellar peduncle. 

The vestibular nucleus of termination comprises the following subdivisions : 
(1) The medial vestibular nucleus (p. 917), which lies in the vestibular area (area 
acustica) of the fioor of the fourth ventricle, crossed dorsally by the auditory 
stri® (stri® meduHares). It is the largest subdivision and extends upward^ 
from the medulla oblongata into the pons. On transverse section it is triangular 
in outline. (2) The inferior (spinal) vestibular nucleus (p. 917) lies lateral to the 
medial nucleus and reaches to a lower level in the medulla oblongata. It is 
placed between the medial nucleus and the inferior cerebellar peduncle, and 


Fig. 957 . — ^The terminal nuclei and central connexions of the vestibular 
nerve. (Schematic.) 



the descending branches of the incoming , vestibular fibres are closely applied 
to its lateral aspect. (3) The lateral nucleus (p. 922) lies ventrilateral to the 
upper part of the medial nucleus, and it is characterised by the large size of 
its constituent cells. Its upper end inclines dorsally and becomes continuous 
with the lower end of (4) the superior nvxileus, which extends higher into the pons 
than the other subdivisions and occupies the upper part of the vestibular area. 

Connexions . — In addition to receiving afferent fibres from the vestibular 
nerve, the superior and lateral nuclei receive afferent fibres from the cerebellum, 
which travel by the inferior cerebellar peduncle. 

The efferent fibres from the vestibular nuclei pass : (1) to the cerebellum, 
where they terminate in the cortex, including the flocculus ; (2) to the medial 
longitudinal bundle (p. 949)j by which they are conveyed to the nuclei of the 
third, fourth, sixth and eleventh cranial nerves and, by means of the anterior 
intersegmental tract, to the anterior grey column of the spinal cord ; (3) to the 
vestibulospinal tract (p. 898), which arises chiefly from the large-celled lateral 
nucleus ; and (4) to the corpus trapezoideum and the lateral lemniscus and so 
to the inferior quadrigeminal body. 

Cochlear nerve (fig. 958). — ^As it reaches the brain-stem the cochlear nerve 
is placed on the lateral side of the vestibular nerve, but the two nerves soon 
become separated by the inferior cerebellar peduncle. The cochlear nerve 
passes round the lateral aspect of the peduncle, while the vestibular nerve 
penetrates the brain-stem on the medial side of that structure. 

G.A 2 I. 2 



1066 NEUEOLOGY 

The cochlear nuclei are two in number. The ventral cochlear nucleus is placed 
on the ventrilateral aspect of the inferior cerebellar peduncle, and it receives 
the ascending branches of the cochlear nerve. The dorsal cochlear nucleus lies 
on the dorsal aspect of the peduncle in the lateral part of the vestibular area 
of the floor of the fourth ventricle, where it forms the auditory tubercle. It 
receives the descending branches of the cochlear nerve. The efPerent fibres 
from the ventral cochlear nucleus run medially through the ventral part of 
the tegmentum of the pons and constitute the corpus trapezoideum. Having 
crossed the median plane they ascend in the lateral lemniscus (p. 922). In 
their course some of the trapezoidal fibres give off collaterals to, and others end 
in, the ventral and dorsal nuclei of the corpus trapezoideum. The efferent 


Fig. 958. — ^The terminal nuclei and central connexions of the cochlear 
nerve. (Schematic.) 

Cerebral cortex 



fibres from these nuclei pass chiefly to the medial longitudinal bundle, and so 
are conveyed to the nuclei of the tlurd, fourth, sixth and eleventh, and possibly 
also of the seventh and twelfth cranial nerves. As the fibres of the lateral 
lemniscus ascend, some of them are interrupted in the nucleus of the lateral 
lemniscus and there relayed, many of them passing to the medial longitudinal 
bundle. Finally, the fibres of the lateral lemniscus terminate in the substantia 
nigra, the inferior quadrigeminal body and the medial geniculate body. From 
the last-named new fibres arise and pass through the retrolentiform part of the 
internal capsule to reach the auditosensory area of the cortex (p. 995). 

The efferent fibres from the dorsal cochlear nucleus pass medially as the 
auditory striae (striae meduUares) across the floor of the fourth ventricle. They 
pass forwards at the median sulcus, cross the median plane and then course 
forwards and laterally through the tegmentum to join the lateral lemniscus. 

The auditory nerve is soft in texture, and is destitute of neurolemma in its 
proximal part.* After leaving the medulla oblongata it passes forwards across 

* H. Alan Skinner, British Journal of Surgery, Jan. 1929.‘ 
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the posterior border of the middle cerebellar peduncle^ in company with the 
facial nerve, from which it is partially separated by the internal auditory 
artery. It then enters the internal auditory meatus with the facial nerve. 
At the bottom of the meatus it receives one or two filaments from the facial 
nerve, a.nd splits into its cochlear and vestibular parts, the distribution of which 
will be described with the anatomy of the internal ear. 

The cochlear and vestibular nuclei develop in the most dorsal part of the alar lamina, 
and the eighth nerve itself does not lie in series either with the ventral or with the dorsal 
cranial nerves (p. 1031). The mode of development of the cochlear and vestibular ganglia 
is consistent with this distinction, for their cells of origin are derived partly from the neural 
crest and partly from a dorsilateral ectodermal placode which is developed in association 
with the ectoderm of the auditory pit (p. 129). In fishes, a whole series of organs, termed 
lateral line organs or neuromasts, develops both in the head and in the trunk for the 
reception of vibration waves. These sense organs are very necessary for an aquatic life, 
but they disappear in terrestrial forms, leaving the auditory apparatus as their sole sur- 
vivor. The auditory nerve, therefore, occupies a special position amongst the cranial 
nerves, and the olfactory nerve alone can be compared with it justifiably. 

The vestibiilar and cochlear nerves, although apparently distinct, yet have much in 
common. The cochlear nerve, when it leaves the labyrinth and before it joins the vestibular 
nerve, carries with it fibres from the ampulla of the posterior semicircular duct and from the 
macula of the saccule. Winkler * has shown that some vestibular fibres run with the 
cochlear fibres on the lateral aspect of the inferior cerebellar peduncle and that some 
cochlear fibres terminate in the lateral vestibular nucleus. Vestibular fibres enter into the 
constitution of the corpus trapezoideum and may reach the inferior quadrigeminal body. 
The two systems, therefore, are not sharply separated from each other, and the chief 
distinction would appear to be that, whereas the main connexions of the cochlear nerve are 
ultimately estabhshed with the cerebral cortex and so enter the domain of consciousness, 
the main connexions of the vestibular nerve are with the spinal cord and cerebellum. Both 
systems can influence the motor nuclei of the brain-stem and the spinal cord, and they 
appear to share the subsidiary nuclei (nuclei of corpus trapezoideum and nucleus of lateral 
lemniscus). 

Applied Anatomy . — The auditory nerve is frequently injured, together with the facial 
nerve, in fracture of the middle fossa of the skull implicating the internal auditory meatus. 
The nerve may be either torn across, producing permanent deafness, or bruised or pressed 
upon by extravasated blood or inflammatory exudation, when the deafness will in all 
probability be temporary. The nerve may also be injured by violent blows on the head 
without fracture of the skull, and deafness may arise from loud explosions, probably from 
some lesion of this nerve, which is more liable to be injured than the other cranial nerves 
on account of its structure. Tumours in the cerebellopontine angle involve the auditory 
and facial nerves, as they lie in relation to the flocculus (fig. 836) at the lower border of 
the pons. 


The GLOSSOPHAHYNGBAii Neeve (figs. 959, 960, 961) 

The glossopharyngeal nerve contains motor and sensory fibres. It supplies 
motor fibres to the stylopharyngeus, secretomotor fibres to the parotid gland, 
and sensory fibres to the pharynx, the tonsil, and the posterior part of the 
tongue ; it is also the nerve of taste for this part of the tongue. If is attached 
by three or four filaments to the upper part of the medulla oblongata, in the 
groove between the olive and the irderior cerebellar peduncle (restiform body). 

The sensory nucleus is formed by the lower part of the nudleus of the tractus 
solitarius, which lies dorsilateral to the dorsal nucleus of the vagus below and 
ventrilateral to it at its upper end. It receives the central fibres of the unipolar 
cells of the superior and inferior (petrous) ganglia, which are situated on the 
trunk of the glossopharyngeal nerve and will presently be described. Some of 
the efferent fibres from this nucleus probably pass to the thalamus, where they 
are relayed to the hippocampal gyrus (sense of taste, posterior third of tongue). 

The motor nucleus is formed by the upper part of the nucleus amhiguus 
(p. 916), which hes deeply in the formatio reticularis of the medulla oblongata. 
It is connected with the pyramidal tract of the opposite side, and sends its 
efferent fibres to the stylopharyngeus muscle. This nucleus represents the 
branchial (special visceral) efferent column, but it lies more deeply in the 
substance of the medulla oblongata than might be expected (p. 916). 

* See second footnote, p. 922, 
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In addition, fibres join the motor part of the glossopharjmgeal nerve from 
a representative of the general visceral efferent column which is termed the 
inferior salivary nucleus. This nucleus lies in the reticular formation below 
the superior salivary nucleus, and sends its fibres via the tympanic branch to 
the lesser superficial petrosal nerve and the otic ganglion, whence they pass 
to the auriculotemporal nerve and so reach the parotid gland. 

From the medulla oblongata the glossopharyngeal nerve passes forwards 
and laterally towards the triangular depression into which the aquaeductus 
cochleae opens, on the inferior surface of the petrous portion of the temporal 
bone. It lies at first under cover of the flocculus, and rests on the jugular 
tubercle of the occipital bone, which is sometimes grooved by it. It leaves the 
skull by bending sharply downwards through the central part of the jugular 

foramen, anterior and lateral 

Fia. 969. — plan of the upper portions of the glosso- vagUS and accessory 

nerves, and in a separate 
sheath of dura mater (fig. 960). 
In its transit through the 
jugular foramen it is lodged 
in a deep groove leading from 
the trian^ar depression for 
the aquseductus cochleae, and 
here it is separated by the in- 
ferior petrosal sinus from the 
vagus and accessory nerves. 
The deep groove is converted 
into a canal by a bridge which 
is usually composed of fibrous 
tissue, but consists of bone 
in about 25 per cent, of 
skulls.* After its exit from 
the skull it passes forwards 
between the internal jugular 
Pharyngeal yem and internal carotid 
artery; it descends in front 
of the latter vessel, deep to the 
Laryngeal styloid process and the muscles 
connected with it, to reach 
the posterior border of the 
stylopharyngeus. It then 
curves forwards, lying upon the stylopharyngeus muscle, and either pierces 
the lower fibres of the superior constrictor of the pharynx or passes between the 
adjoining borders of the superior and middle constrictors (fig. 578) to be dis- 
tributed to the tonsil, the mucous membrane of the pharynx and the posterior 
part of the tongue, and the mucous glands of the mbuth. 

Two ganglia, named the superior and the inferior (petrous), are situated on 
that portion of the nerve which traverses the jugular foramen (fig. 959). 

The superior ganglion is situated in the upper part of the groove in which 
the nerve is lodged during its passage through the jugular foramen. It is very 
small, gives off no branches, and is usually regarded as a detached portion of the 
inferior ganglion. 

The Merior ganglion (petrous ganglion) is larger than the superior ganglion 
and is situated in a notch in the lower border of the petrous portion of the 
temporal bone (p. 272). 

The glossopharyngeal nerve communicates with the sympathetic trunk, and 
with the vagus and facial nerves. 

The inferior ganglion is connected by a filament with the superior cervical 
ganglion of the sympathetic. The branches to the vagus consist of two filaments 
which arise from the inferior ganglion ; one joins the auricular branch, and 
the other the superior (jugular) ganglion, of the vagus. The branch to the facial 
arises from the tnmk of the glossopharyngeal nerve below the inferior ganglion ; 


pharyngeal, vagus, and accessory nerves. 


Au.rieu.Lar 



* E. Joyce Partridge, Journal of Anatomy ^ vol. Hi. 
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it perforates the posterior belly of the digastric muscle and joins the facial nerve 
near the stylomastoid foramen. 

The branches of distribution of the glossopharyngeal nerve are : tympanic, 
carotid, pharyngeal, muscular, tonsillar and lingual. 

The tympanic nerve arises from the inferior ganglion of the glossopharyngeal 
nerve, and ascends to the tympanic cavity through the inferior tympanic 
canaliculus (p. 263). In the tympanic cavity it divides into branches which 
form the tympanic plexus and are contained in grooves upon the surface of the 
promontory. This plexus gives off : (1) the lesser superficial petrosal nerve ; 
(2) a branch to join the greater superficial petrosal nerve ; and (3) branches to 
the tympanic cavity, aH of which are described with the anatomy of the middle 
ear (p. 1203). 

The carotid branches descend along the trunk of the internal carotid artery 
as far as its origin, communicating with the pharyngeal branch of the vagus, 
and with branches of the sympathetic trunk ; they are distributed to the wall 
of the carotid sinus (p. 700) and to the carotid body. 

The pharyngeal branches are three or four filaments which unite, opposite 
the middle constrictor muscle of the pharynx, with the pharyngeal branch of the 
vagus nerve and the laryngopharyngeal branches of the sympathetic trunk to 
form the pharyngeal plexus ; through this plexus the glossopharyngeal nerve 
supplies the mucous membrane of the pharynx with sensory branches. 

The muscular branch supplies the stylopharyngeus muscle. 

The tonsillar branches supply the tonsil, and form around it a plexus with 
branches of the lesser palatine nerves ; from this plexus filaments are distributed 
to the soft palate and the region of the oropharyngeal isthmus. 

The lingual branches are two in number : one supplies the vallate papillae 
and the mucous membrane near the sulcus terminahs of the tongue ; the other 
supplies the mucous membrane and follicular glands of the posterior one-third 
of the tongue, and communicates with the lingual nerve. It is the nerve of 
special sense (taste) and of general sensibility to the posterior one-third of 
the tongue. 

The glossopharyngeal nerve is the nerve of the third branchial arch, or it would be 
more nearly correct to describe it as the post-trematic branch of that arch. The pretrematic 
branch of the second (hyoid) arch is probably the tympanic branch of the glossopharyngeal 
nerve, but that is uncertain. Like the trigeminal and the facial nerves, the glossopharyngeal 
corresponds to a dorsal nerve which has acquired special visceral efferent fibres. 


The Vagus Nerve (figs. 959, 960, 961) 

The vagus nerve is composed of motor and sensory fibres, and has a more 
extensive course and distribution than any of the other cranial nerves, since 
it passes through the neck and thorax to the abdomen. It is attached by 
eight or ten filaments to the medulla oblongata, below the glossopharyngeal 
nerve, in the groove between the olive and the inferior cerebellar peduncle 
(restiform body). 

The fibres of the vagus nerve are connected to three nuclei in the medulla 
oblongata. (1) The dorsal nucleus of the vagus is a mixed nucleus and repre- 
sents the fused general visceral efferent and general visceral afferent colu mn s. 
It lies in the central grey matter of the lower, closed, part of the medulla 
oblongata, and extends upwards into the upper, open, part, where it is placed 
under the vagal triangle, separated from the hypoglossal nucleus by the nucleus 
intercalatus (p. 917), The motor fibres which arise from it are distributed to 
the involuntary muscle of the bronchi, heart, oesophagus, stomach and small 
intestines. The sensory fibres which terminate in the nucleus are derived from 
the larynx, pharynx, lungs, heart, oesophagus, stomach and small intestine. 
(2) Below the origin of the fibres which join the glossopharyngeal nerve, the 
nucleus ambiguus (pp. 916 and 1067) gives origin to those fibres of the vagus 
nerve which are distributed to the striped muscle of the pharynx and to the 
cricothyroid muscle. It represents the branchial (special visceral) efferent 
column, and its position in the deeper part of the meduUa oblongata is attribut- 
able to neurobiotaxis (p. 911). It is uncertain whether the muscles of the soft 
palate are innervated by the vagal part of the nucleus ambiguus or by the 
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cerebral nucleus of the accessory nerve. (3) The lower end of the nucleus of the 
tractus solitarius (pp. 913 and 916) receives those fibres of the vagus which are 
distributed to the taste-buds of the epiglottis and the valleculse. It represents 
the special visceral afferent column. 

The filaments of the nerve unite, and form a flat cord which passes below 
the flocculus of the cerebellum to the jugular foramen, through which it leaves 
the cranium. In emerging through this opening, the vagus nerve is accora- 
panied by and contained in the same sheath of dura and arachnoid mater as the 


Fig. 960. — The upper part of the spinal cord, and the hind-brain and mid-brain. 
Exposed from behind. 
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accessory nerve, a fibrous septum separating them from the glossopharyngeal 
nerve, which lies in front (fig, 960). In this situation the vagus nerve presents 
a well-marked enlargement, named the sup>erior ganglion (jugular ganglion). 
After its exit from the jugular foramen the vagus nerve enlarges into a second 
swelling, named the inferior ganglion (ganglion nodosum). 

The superior ganglion (jugular ganglion) is of a greyish colour, spherical 
in form, about 4 mm. in diameter. It is joined by one or two delicate filaments 
with the cranial root of the accessory nerve ; it is connected by a twig 
with the inferior ganglion of the glossopharyngeal nerve, and with the sym- 
pathetic trunk by a filament from the superior cervical ganglion ; the auricular 
branch of the ganglion gives off an ascending twig which joins the facial 
nerve. 

The inferior ganglion (ganglion nodosum) is cylindrical in form, of a reddish 
colour, and 2*5 cm. long. It is connected with the hypoglossal nerve, the 
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superior cervical ganglion of the sympathetie trunk, and the loop between the 
first and second cervical nerves. The cranial root of the accessory nerve 
passes over the ganglion, but is attached to it by fibrous tissue. 

Beyond the inferior ganglion the cranial root of the accessory nerve blends 
with the vagus nerve ; its fibres are distributed principaUy to the pharyngeal 
and inferior laryngeal branches of the vagus nerve. 

The vagus nerve passes vertically down the neck within the carotid sheath, 
lying between the internal jugular vein and internal carotid artery as far as 
the upper border of the thyroid cartilage, and then between the same vein 
and the common carotid artery to the root of the neck. The further course 
of the nerve difiers on the two sides of the body. 

On the right side the vagus nerve passes across the first part of the subclavian 
artery, between it and the right internal jugular vein. It enters the thorax and 
descends through the superior mediastinum, lying at first behind the right 
innominate vein, and then to the right of the trachea and posteromedial to 
the right innominate vein and the superior vena cava. The right pleura 
and lung are lateral to the nerve above, but are separated from it below 
by the azygos vein, which arches forward above the root of the right lung 
(fig. 785). 

The nerve next passes behind the right bronchus to reach the posterior aspect 
of the root of the right lung, and there breaks up into posterior bronchial 
branches, which unite with filaments from the second, third and fourth thoracic 
sympathetic ganglia to form the right posterior pulmonary plexus. From the 
lower part of this plexus two or toee branches descend on the back of the 
oesophagus, where, with a branch from the left vagus, they form the posterior 
part of the oesophageal plexus ; from this plexus the nerve is continued behind 
the oesophagus, and enters the abdomen through the oesophageal opening in the 
diaphragm. In the remainder of its course the nerve trunk contains fibres 
from both vagus nerves. 

In the abdomen the posterior vagal trunk divides into a small gastric and 
a large ooeliac branch. The gastric branch supplies the postero-inferior surface 
of the stomach with the exception of the pyloric canal. The coeliac branch ends 
chiefly in the coeliac ganglia, but sends twigs to the splenic, hepatic, renal, 
suprarenal and superior mesenteric plexuses. 

On the left side the vagus nerve enters the thorax between the left common 
carotid and left subclavian arteries, and behind the left innominate vein. It 
descends through the superior mediastinum, crosses the aortic arch and passes 
behind the root of the left lung. Just above the aortic arch the nerve is crossed 
superficially by the left phrenic nerve, and on the arch by the left superior 
intercostal vein (fig. 998), 

Behind the root of the left lung it divides into posterior bronchial branches, 
which unite with filaments of the second, third and fourth thoracic sympathetic 
ganglia and form the left posterior pulmonary plexus. From this plexus two 
branches descend on the front of the oesophagus where, with a twig from the 
right vagus, they form the anterior part of the oesophageal plexus ; from this 
plexus the nerve is continued in front of the oesophagus, and enters the abdomen 
through the oesophageal opening of the diaphragm. The nerve trunk now 
contains fibres from both vagus nerves. 

In the abdomen the anterior vagal trunk nerve supplies twigs to the cardiac 
antrum, and then divides into right and left groups of branches. The fibres 
of the left group follow the lesser curvature of the stomach and supply the antero- 
superior surface of this viscus. The right group consists of three main branches. 
The jfirst, which may be duplicated, runs between the layers of the lesser 
omentum towards the porta hepatis, and divides into (a) upper branches 
which enter the porta hepatis, and (h) lower branches which supply chiefly 
the pyloric canal, the pylorus, the first and second parts of the duodenum, and 
the head of the pancreas. The second branch is distributed to the antero- 
superior surface of the body of the stomach ; the third branch follows the 
lesser curvature of the stomach as far as the incisura angularis.* 

* For fuTj^her, details, consult an ^tiele on “ The Abdominal Distpbution of the Vagus, j 
by E. I)’Arcy^M‘Crea, Journal of Anatomy, yol. lj.x. p. 18. . . 
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The branches of the vagus nerve are : 
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The meningeal branch springs from the jugular ganglion of the vagus 
nerve, and is distributed to the dura mater in the posterior fossa of the 
skull. 

The auricular branch arises from the superior ganglion of the vagus nerve, 
and is joined soon after its origin by a filament from the inferior ganglion of 
the glossopharyngeal ; it passes behind the internal jugular vein, and enters 
the mastoid canaliculus on the lateral wall of the jugular fossa. Traversing 
the substance of the temporal bone, it crosses the canal for the facial nerve 
about 4 mm. above the stylomastoid foramen, and here it gives off an ascending 
branch which joins the facial nerve. It then passes through the tympano- 
mastoid fissure, and divides into two branches ; one joins the posterior auricular 
nerve, the other is distributed to the skin of part of the cranial surface of the 
auricle and to the posterior part of the external auditory meatus. 

The pharyngeal branch, which is the principal motor nerve of the phar 5 nix, 
arises from the upper part of the inferior ganglion of the vagus nerve, 
and consists principally of filaments from the cranial root of the accessory 
nerve. It passes between the external and internal carotid arteries to the 
upper border of the middle constrictor muscle of the pharynx, where it 
divides into numerous filaments which join with branches from the sym- 
pathetic trunk, the glossopharyngeal and external laryngeal nerves, to form 
the pharyngeal plexus. Through this plexus vagal fibres are distributed 
to the muscles of the pharynx, and the muscles of the soft palate, except 
the tensor palati. A minute filament joins the hypoglossal nerve as the 
latter winds round the occipital artery, and is termed the ramus lingualis 
vagi. 

The branches to the carotid body are nodnute and variable in number. They 
may spring from the inferior ganghon or they may travel either in the pharyngeal 
branch or the superior laryngeal nerve. 

The superior lar3nigeal nerve, which is larger than the preceding, arises 
from, the middle of the inferior ganglion of the vagus nerve, and in its course 
receives a branch from the superior cervical ganglion of the sympathetic trunk. 
It descends, by the side of the pharynx, behind the internal carotid artery and 
divides into the internal and external laryngeal nerves. 

The internal laryngeal nerve is sensory to the mucous membrane of the larynx 
as far down as the level of the vocal folds. It descends to the thyrohyoid 
membrane, pierces this membrane at a higher level than the superior laryngeal 
artery, and divides into an upper and a lower branch. The upper branch is 
directed horizontally, and supplies twigs to the mucous membrane of the 
pharynx, the epiglottis, the vallecula and the vestibule of the larynx. The 
lower branch descends in the medial wall of the piriform fossa, and gives 
branches to the aryepiglottic fold, and to the mucous membrane on the 
back of the^ arytenoid cartilage. It also supplies one or two branches to 
the arytsenoideus muscle, and these branches unite with twigs from the 
recurrent laryngeal nerve to the same muscle ; the arytenoideus has there- 
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fore a double nerve-supply. The internal lar37ngeal . nerve ends by piercing 
the inferior constrictor muscle of the pharynx, and joining with an as- 
cending branch from the 

recurrent laryngeal nerve.* gouts© and distribution of the glosso- 

The external laryngeal pharyngeal, vagus, and accessory nerves. 

nerve, which is the smaller 
of the two, descends under j 
cover of the sternothyroid esory^ 

muscle in company with the 
superior thyroid artery but 
on a deeper plane ; it lies 
at first on the inferior 
constrictor muscle of the 
pharynx, and then, piercing 
that muscle, winds closely 
round the inferior thyroid 
tubercle and enters the 
cricothyroid muscle. It 
gives branches to the phar- 
yngeal plexus and to the 
inferior constrictor ; behind 
the common carotid artery 
it communicates with the 
superior cardiac nerve. 

The recurrent laryngeal 
nerve (recurrent nerve) 
differs, as to its origin and 
course, on the two sides of 
the body. On the right 
side it arises from the vagus 
nerve in front of the &st 
part of the subclavian 
artery ; it winds from before 
backwards roimd that ves- 
sel, and ascends obliquely 
to the side of the trachea 
behind the common carotid 
artery. Near the lower 
pole of the lobe of the 
thyroid gland the nerve is 
always intimately related to 
the inferior thyroid artery ; 
it may cross either in front 
of or behind the vessel, or 
may pass between its 
branches. On the left side, 
it arises from the vagus 
nerve on the left of the 
arch of the aorta, and 
winds below the arch im- 
mediately behind the at- 
tachment of the ligamen- 
tum arteriosum to the 
concavity of the arch, and 
then ascends to the side of 
the trachea. The nerve on each side ascends in the groove between the 
trachea and oesophagus, and is intimately related to the medial surface of the 
thyroid gland, f before it passes under the lower border of the inferior con- 

* Consult an article on “The Nerves of the Human Larynx,” by T, F. M. Dilworth, 
JoumoZ of Anatomy f vol. Ivi. 

t F. G. Parsons {Journal of Anatomy, vol. liv.) pointed out that the right nerve may lie 
at some little distance from the groove between the trachea and the oesophagus. 
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stricter muscle and enters the lar 3 nix behind the articulation of the inferior 
cornu of the thyroid with the cricoid cartilage ; it gives branches to all the 
muscles of the larynx, excepting the cricothyroid. It communicates with the 
internal laryngeal nerve, and supplies sensory filaments to the mucous mem- 
brane of the lar 3 mx below the level of the vocal folds. 

As the recurrent laryngeal nerve hooks round the subclavian artery, or the 
arch of the aorta, it gives several cardiac filaments to the deep part of the cardiac 
plexus. As it ascends in the neck it gives branches, more numerous on the 
left than on the right side, to the mucous membrane and muscular coat of the 
oesophagus ; branches to the mucous membrane and muscular fibres of the 
trachea ; and some filaments to the inferior constrictor muscle. 

The cardiac branches, two or three in number, arise from the vagus nerve 
at the upper and lower parts of the neck. The u^^er branches are small, and 
join with the cardiac branches of the sympathetic trunk. They can be traced 
to the deep part of the cardiac plexus. 

The loiver branches arise at the root of the neck. That from the right vagus 
passes in front or by the side of the innominate artery, and proceeds to the deep 
part of the cardiac plexus ; that from the left runs down across the arch of the 
aorta, and joins the superficial part of the cardiac plexus. 

Additional cardiac branches arise from the trunk of the right vagus nerve 
as it lies by the side of the trachea, and from both recurrent laryngeal nerves. 
They end in the deep part of the cardiac plexus. The cardiac plexus is described 
on p. 1149. 

The anterior pulmonary branches, two or three in number and of small size, 
are distributed on the anterior surface of the root of the lung. They join with 
filaments from the sympathetic, and form the anterior pulmonary plexus. 

The posterior pulmonary branches, more numerous and larger than the 
anterior, are distributed on the posterior surface of the root of the lung ; they 
are joined by filaments from the third and fourth (sometimes also from the 
first and second) thoracic ganglia of the sympathetic trunk, and form the 
posterior pulmonary plexus. Branches from this plexus accompany the ram- 
ifications of the bronchi and supply their constrictor muscles. 

The oesophageal branches are given off both above and below the pulmonary 
branches ; the lower are more numerous and larger than the upper. They form, 
as already described (p. 1071), the oesophageal plexus. From this plexus 
filaments are distributed to the oesophagus and to the back of the pericardium. 

The gastric branches are distributed to the stomach, the anterosuperior 
surface of which is mainly supplied by the left vagus, and the postero-inferior 
surface mainly by the right. The gastric branches sometimes form anterior and 
posterior gastric plexuses. “ The pyloric canal, sphincter, and first stage of the 
duodenum receive their nerve-supply from above, receiving twigs from the vagal 
branches to the liver ” (M‘Crea). 

The coeliac branches are derived from the right vagus : they join the coeliac 
ganglia. 

The hepatic branches arise from both vagus nerves (p. 1071) : they join the 
hepatic plexus and through it are conveyed to the liver. 

The vagus is a composite nerve and has been formed by the fusion of a num- 
ber of dorsal nerves. It innervates the fourth, fifth and sixth branchial arches, 
but, in view of the presence of the large intestinal ramus in the vagus nerves 
of all fishes, it is impossible to speak with confidence as to the original number 
of its constituents. 

It is interesting to observe that although the seventh and ninth cranial 
nerves have lost their somatic afferent constituent, it still persists in connexion 
with the tenth nerve, as its auricular branch. There is, however, some good 
grounds for supposing that its afferent fibres terminate in the nucleus of the 
spinal tract of the trigeminal nerve. However that may be, it is certain that 
irritation of the terminal twigs of the auricular branch in the external auditory 
meatus is capable of producing an efferent vagal response. 

Applied Anatomy . — The trunk of th^ vagus is rarely injured, but the functions of the 
nerve may be interfered with by damage to its nucleus of origin in the medulla ; by 
thickening or growth from the meninges or bones, or aneurysm of the basilar artery, before 
its exit from the skull ; injuries such as gunshot or punctured wound® in the neck or 
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injuries during such operations as ligature of the carotid arterj", removal of tuberculous 
glands or other deep-seated tumours. The vagus may also be compressed by aneurysms 
of the carotid artery, and its deep origin becomes affected in bulbar paralysis. The symp- 
toms produced by paralysis of the nerve are palpitation, with increased frequency of the 
pulse, constant vomiting, sieving of the respiration, and a sensation of suffocation. 

‘ Reflexes ’ in connexion with the branches of the vagus are not infrequent. The ‘ ear 
cough ’ is perhaps one of the commonest, where a plug of wax in the auditory meatus 
may, by irritating the filaments of the auricular nerve, be responsible for a persistent 
cough. Syringing the external auditory meatus frequently produces cough, and, in children, 
vomiting is not uncommon as the result of such a procedure ; moreover, in people with 
weak hearts, syringing the ear has been responsible for a sudden fatal syncope, by reflex 
irritation of the cardiac branches. Another very common example is the persistent cough 
which is frequently due to enlarged bronchial glands in children, the irritation of which is 
referred to the superior laryngeal filaments. 

The anatomy of the laryngeal nerves is of importance in considering some of the 
morbid conditions of the larynx. When the peripheral terminations of the superior 
laryngeal nerve are irritated by some foreign body passing over them reflex spasm of 
the glottis is the result. When its trunk is pressed upon by, for instance, a goitre or an 
aneurysm of the upper part of the carotid, there is a peculiar dry, brassy cough. When 
the nerve is paralysed, there is anaesthesia of the mucous membrane of the larynx, so 
that foreign bodies can readily enter the cavity, and, as the nerve also supplies the crico- 
thyroid muscle, the vocal folds cannot be made tense, and the voice is deep and hoarse. 
Paralysis may be the result of bulbar paralysis; may be a sequel to diphtheria, when 
both nerves are usually involved ; or it may, though less commonly, be caused by the 
pressure of tumours or aneurysms, when the paralysis is generally unilateral. Irritation 
of the recurrent laryngeal nerves produces spasm of the muscles of the larynx. When both 
recurrent laryngeal nerves are paralysed, the vocal folds are motionless, in the so-called 
‘ cadaveric position ’ — that is to say, in the position in which they are found m ordinary 
tranquil respiration ; neither closed as in phonation, nor widely open as in deep inspiratory 
efforts. When one recurrent laryngeal nerve is paralysed, the vocal fold of the same side 
is motionless, while the opposite one crosses the median plane to accommodate itself to 
the affected one ; hence phonation is possible, but the voice is altered and weak in timbre. 
Paralysis of the adductor muscles of the larynx on both sides is quite common, and is 
usually functional in nature. The voice is reduced to a whisper, but the power of coughing 
is preserved. 


The Accessory Nerve (figs. 959, 960, 961) 

The accessory nerve is formed by the union of a cranial and a spinal root. 
It represents the separated caudal rootlets of the vagus, hut the separation is 
only partial, for its constituent parts are associated with each other only for 
a very short part of their course before the cranial part joins the vagus to be 
distributed through its branches. It is, however, both customary and con- 
venient to describe it as a separate cranial nerve. 

The cranial root is the smaller ; its fibres arise from the cells of an elongated 
nucleus which is continuous above with the lower end of the nucleus ambiguus 
(p. 916) and emerge as four or five delicate rootlets from the side of the medulla 
oblongata, below the roots of the vagus. It runs laterally to the jugular for- 
amen, where it interchanges fibres with the spinal root or becomes united to 
it for a short distance ; here it is also connected by one or two filaments with 
the superior ganghon of the vagus. It passes through the jugular foramen, 
separates from the spinal portion, and is continued over the inferior ganglion 
of the vagus, to the surface of which it is adherent, and is distributed principally 
to the pharyngeal and recurrent laryngeal branches of the vagus. It is probably 
the source of the motor fibres which run in the pharyngeal branch of the vagus 
to supply the muscles of the soft palate, with the exception of the tensor palati. 
Some filaments from it are continued into the trunk of the vagus below the 
ganglion, to be distributed with the recurrent laryngeal nerve and probably 
also with the cardiac nerves. 

The spinal root is firm in texture, and its fibres arise from an elongated 
nucleus of motor cells which is situated in the lateral part of the anterior grey 
column of the spinal cord, and extends downwards as low as the level of the 
fifth cervical nerve. Passing through the lateral white cohimn of the spinal 
cord, they emerge on its surface and unite to form a trunk, which ascends 
between the hgamentum denticulatum and the posterior roots of the spinal 
nerves, and enters the skull through the foramen magnum, behind the vertebral 
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artery . It is then directed upwards and laterally to the j ugular foramen , through 
which it passes in the same sheath of dura mater as the vagus nerve, but 
separated from that nerve by a fold of the arachnoid mater. In the jugular 
foramen, it receives one or two filaments from the cranial root, or else joins it 
for a short distance and then parts from it again. At its exit from the jugular 
foramen, it runs backwards over the internal jugular vein in about 66 per cent, 
of subjects, and deep to it in about 33 per cent. (Tandler). In this situation the 
accessory nerve crosses the transverse process of the atlas and is itself crossed 
by the occipital artery. The nerve then descends obliquely, passing deep to 
the styloid process, the stylohyoid muscle and the posterior belly of the digastric. 
Accompanied by the upper stemomastoid branch of the occipital artery, it reaches 
the upper part of the stemomastoid and pierces its deep surface (fig. 702), supply- 
ing it and joining with branches from the second cervical nerve. Emerging 
above the middle of the posterior border of the stemomastoid, the nerve crosses 
the posterior triangle of the neck lying on the levator scapulse muscle, from 
which it is separated by the prevertebral layer of the deep cervical fascia and 
the fatty tissue which occupies the triangle. Here it is comparatively super- 
ficial, being related to the superficial cervical lymph glands and receiving 
communications from the second and third cervical nerves. Finally, about 
5 cm. above the clavicle, the accessory nerve disappears under the anterior 
border of the trapezius and, together with branches from the third and fourth 
cervical nerves, forms a plexus on the deep surface of the muscle. From this 
plexus the trapezius receives its innervation. 

The nucleus of the spinal root of the accessory nerve represents the branchial 
(special visceral) efferent column, and the muscles which it innervates must be 
regarded as greatly modified branchial muscles. It is not possible to identify 
the particular branchial arch which is concerned, but it must be caudal to the 
six arches which can be identified in the human embryo. 

Applied Anotkmy , — The functions of the accessory nerve may be interfered with either by 
central changes ; or at its exit from the skull, by fractures running across the jugular foramen ; 
or in the neck, by inflamed lymph glands, etc. The acute wry-neck in children is most com- 
monly due to inflamed or suppurating glands, and rapidly subsides with appropriate treat- 
ment. Centra] irritation causes clonic spasm of the stemomastoid and trapezius muscles, 
or, as it is termed, spasmodic torticollis. In cases of this affection in which all previous 
palliative treatment has failed, and the spasms are so severe as to undermine the patient’s 
health, division or excision of a portion of the accessory nerve has been resorted to. 

In cases where extensive dissections are undertaken for enlarged glands in the neck, 
it is essential that this nerve should be sought at once and isolated from the mass of inflamed 
glands so as to maintain its continuity. 


The Hypoglossal Nerve (figs. 960, 962, 963) 

The hypoglossal nerve is the motor nerve of the tongue. It is in series 
with the third, fourth and sixth cranial nerves and the anterior nerve-roots 
of the spinal nerves, and represents the fused anterior roots of, probably, 
four precervical or spino-occipital nerves, the posterior roots of which have 
disappeared entirely. 

The nucleus from which its fibres arise is in line with the base of the anterior 
grey column of the spinal cord. This nucleus is about 2 cm. long, and its upper 
part corresponds with the hypoglossal triangle of the floor of the fourth ventricle 
(p. 941). The lower part of the nucleus extends downwards into the closed part 
of the meduUa oblongata, and there lies in relation to the ventrilateral aspect 
of the central canal (p. 910). It occupies the position of the somatic efferent 
column and therefore lies ventrimedial to the dorsal nucleus of the vagus (flg. 
846). The fibres run forwards through the medulla oblongata, and emerge in 
the anterolateral sulcus between the pyramid and the olive (fig. 836). 

The rootlets of the hypoglossal nerve run laterally behind the vertebral 
artery, and are collected into two bundles, which perforate the dura mater 
separately, opposite the anterior condylar (hypoglossal) canal in the occipital 
bone, and unite together after their passage through it ; in some cases the 
canal is divided into two by a small bony spicule. The fact that each bxmdle 
acquires a separate sheath from the dura mater is confirmatory evidence of the 
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composite character of the nerve. On emerging from its canal the nerve lies 
on a deeper plane than the internal jugular vein, the internal carotid artery, 
the ninth, tenth and eleventh cranial nerves. It passes laterally, with a down- 
ward inclination, behind the internal carotid artery and the glossopharyngeal 
and vagus nerves to gain the interval between the artery and the internal 
jugular vein. In this part of its course it makes a half-spiral turn round the 
inferior ganglion of the vagus, to which it is united by a mass of connective tissue. 
It then descends almost vertically, lying between the vessels and in front of the 
vagus nerve, to a point corresponding with the angle of the mandible, and be- 
comes superficial below the posterior belly of the Sgastric muscle. The nerve 


Fig. 962. — ^The right hj^oglossal nerve and cervical plexus. 



then loops round the lower stemomastoid branch of the occipital artery (p. 710) 
and crosses the occipital and the external carotid arteries and the loop of the 
lingual artery (fig. 701) , being itself crossed by the common facial vein. It inclines 
upwards as it runs forwards on the hyoglossus muscle, passing deep to the 
tendon of the digastric, the stylohyoid and the posterior border of the mylo- 
hyoid muscle. In the interval between the hyoglossus and mylohyoid muscles 
the nerve is related above to the deep part of the submandibular (submaxillary) 
gland, the submandibular duct and the lingual nerve. It passes next on to the 
lateral aspect of the genioglossus and is continued forwards in its substance as 
far as the tip of the tongue, distributing branches to its muscular substance. 
It communicates with the sympathetic trunk, and with the vagus, first and 
second cervical, and lingual nerves. 

Opposite the atlas the nerve receives branches from the superior cervical 
ganglion of the sympathetic trunk, and at the same level is joined by a filament 
from the loop connecting the first and second cervical nerves. 
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The communications with the vagus nerve take place close to the ^ull, 
numerous filaments passing between the hypoglossal nerve and the ^enor 
gLglion of the vagus nerve through the mass of connective tissue which umtes 
them. As the nerve winds round the occipital artery it receives a filament from 
the pharyngeal plexus, which is termed the ramus hngmlis va^t. 

4ar thi anterior border of the hyoglossus it is umted to the Imgual nerve 
by numerous filaments which ascend upon the muscle. 

The branches of distribution of the hypoglossal nerve are : 


Meningeal. 

Descending. 


Thyrohyoid, 

Muscular. 


Of these branches the meningeal, descending, thyrohyoid, and that to the 
geniohyoid muscle, are probably derived mamly from the branch which passes 


Fig. 963.— a plan of the hypoglossal nerve. 



from the loop between the first and second cervical nerves to join the hypo- 
glossal (fig. 963). . 

Meningeal branches. — As the hypoglossal nerve passes through the anterior 
condylar canal it supplies several filaments to the dura mater in the posterior 
fossa of the skuU. 

The descending branch, long and slender, leaves the hypoglossal nerve where 
the latter turns round the occipital artery, and descends in front of or within 
the sheath of the carotid vessels ; it gives a branch to the superior belly of the 
omohyoid muscle, and, just below the middle of the neck, joins the nervus 
descendens cervicalis from the second and third cervical nerves to form a loop, 
termed the ansa hypoglossi. From the convexity of this loop branches pass 
to supply the sternohyoid, the sternothyroid and the inferior belly of the 
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omohyoid muscle. According to ^nold, another filament descends in front 
of the vessels into the thorax, and joms the cardiac and phrenic nerves. 

The nerve to the thyrohyoid arises from the hypoglossal nerve near the 
posterior border of the hyoglossus ; it runs obliquely across the greater cornu 
of the hyoid bone, and supplies the thyrohyoid muscle. 

The muscular branches are distributed to the styloglossus, hyoglossus, 
geniohyoid and genioglossus muscles. Numerous slender branches pass 
upwards into the substance of the tongue to supply its intrinsic muscles. 

Applied Anatomy , — The hypoglossal nerve is an important guide in the operation of 
ligature of the lingual artery. It runs forwards on the hyoglossus just above the greater 
cornu of the hyoid bone, and forms the upper boundaiy of the triangular space in which 
the artery is to be sought by cutting through the fibres of the hyoglossus. In oases where 
the nerve is involved by gumma or new growth of the base of the skull, or where it has 
been injured on one side of the neck, or in some cases of bulbar paralysis, unilateral paralysis, 
together with hemiatrophy of the tongue, results ; the tongue, when protruded, being 
directed to the paralysed side owing to the unopposed action of the genioglossus of the 
opposite side. On retraction, the wasted and paralysed side of the tongue rises up higher 
than the other. The larynx may deviate towards the sound side on swallowing, from the 
unilateral paralysis of the depressors of the hyoid bone. If the paralysis is bilateral, e.g. 
the result of a bullet wound of the infrahyoid region, the tongue lies motionless in the 
mouth, taste and tactile sensibility of the organ are perfect, articulation is slow and sticky ; 
swallowing is very difficult, and the patient has to throw his head backwards and push the 
bolus of food back into the pharynx with his finger before he can swallow it. 


THE MORPHOLOGICAL RELATIONSHIPS OE THE 
CRANIAL NERVES* 

It is now possible to group the cranial nerves in a manner which conforms 
better with their phylogenetic history and with their individual components. 
At least three, probably four, ancT possibly five groups are necessary. 

Group I includes the third, fourth, sixth and twelfth cranial nerves. These 
all arise from the cells of the somatic efferent column, and they are distributed 
to the musculature derived from the cranial myotomes. They correspond, 
therefore, to the anterior nerve-roots of the spinal nerves, and with the excep- 
tion of the foiirth, they emerge from the brain-stem, in line with them. The 
identification of the individual segments with which each nerve is associated is 
a matter of considerable difficulty and is not susceptible of proof in the present 
state of our knowledge, for the precise number of segments represented by 
the head is still uncertain (p. 103). 

Group II includes the filth, seventh, ninth, tenth and eleventh cranial 
nerves. These nerves were concerned with the innervation of the branchial 
arches, and they are placed in series mth the posterior nerve-roots of the spinal 
nerves. They differ from the latter in possessing motor roots which are distrib- 
uted to the musculature derived from the lateral mesodermio plates of the 
branchial region. Some of these cranial nerves (the fifth, tenth and eleventh), 
are compound nerves and have been formed by the fusion of two or more dorsal 
nerves (p. 1031). In the process cutaneous branches originally connected with 
the seventh, ninth and tenth nerves, have been taken over by the fifth, so that 
these nerves in man bear but little resemblance to their homologues in the lower 
forms of vertebrates and stiU less to the posterior nerve-roots of the spinal 
nerves. 

On account of the complexity of their components, each nerve may possess 
more than one nucleus of origin and more than one nucleus of termination. 
It is noteworthy that the cells of the ganglion of the seventh, the inferior 
ganglion of the ninth and the inferior ganglion of the tenth nerve, though 
derived to a large extent from the neural crest, owe their origin in part to 
ectodermal epibranchial placodes which develop at the dorsal ends of the first 
three branchial clefts in close relation to the ganglia. 

* For Analysis of the Cranial Nerves, see pp. 1080-81. 
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Although there are certain difficulties in the way, the homologies of the 
nerves in Groups I and II are generally accepted, but the allocation of the three 
remaining cranial nerves is entirely uncertain. On accoxmt of its mode of 
development, the optic nerve is usually regarded as having nothing in common 
with any of the other cranial nerves except its function as a special somatic 
afferent. The cells of the retina from which its fibres are derived really con- 
stitute an outlying part of the brain, although it may be urged that they are 
derivatives of the forerunners of the neural crest cells. 

The olfactory and auditory nerves may be grouped together or separately, 
or the auditory nerve may be regarded as being homologous with a dorsal 
nerve. Both nerves arise, in part at least, from ectodermal cells outside the 
area of the neural tube and crest, but whereas the olfactory cells remain inter- 
calated amongst the epithelial cells of the nasal mucous membrane, the audit- 
ory cells migrate a short distance away from the otic vesicle. It must be 
explained, however, that many authorities believe that the contribution made 
by the neural crest is responsible for the formation of the whole of the auditory 
ganglion, and on this account they prefer to regard the auditory as a modified 
dorsal nerve. In comparing the olfactory and auditory nerves it must be 
remembered that the olfactory nerves are restricted in all forms to the region 
of the head, whereas the auditory nerve in man is the sole survivor of a whole 
series of nerves of the organs of the lateral line, which in lower forms are 
distributed not only to the head but also to the whole length of the trunk. 
There is, therefore, considerable justification for the allocation of the olfactory 
and auditory nerves to separate groups. 


THE SPINAL NERVES 

The spinal nerves arise in series from the sides of the spinal cord and emerge 
through the intervertebral foramina. Each nerve is formed by the union of 
an anterior (motor) and a posterior (sensory) nerve-root, but these roots 
perforate the spinal dura mater independently before they unite (fig. 927), an 
indication that the two nerve-roots originally remain separate throughout 
their course (p. 1031). As they emerge from the intervertebral foramina the 
spinal nerves obviously possess a segmental character, but this feature is much 
less conspicuous in the connexions of the nerve-roots with the spinal cord. 
The anterior nerve-roots are the axons of the large motor cells of the anterior 
grey column, and are derivatives of the cells of the basal lamina of the neural 
tube. On the other hand, the posterior nerve-roots are the central branches 
of the axons of the unipolar cells of the spinal ganglia, and are therefore derivat- 
ives of the neural crest (p. 108). 

The spinal nerves number thirty-one pairs, which are grouped as follows : 
cervical, 8 ; thoracic, 12 ; lumbar, 5 ; sacral, 5 ; coccygeal, 1. 

The first cervical nerve emerges from the vertebral canal between the 
occipita] bone and the atlas vertebra, and is therefore called the suboccipital 
nerve ; the eighth issues between the seventh cervical and first thoracic vertebrae. 

Nerve-roots. — Each nerve is attached to the spinal cord by an anterior 
and a posterior root (p. 903), the latter being characterised by the presence of 
a ganglion, which is termed the spinal ganglion. 

The anterior root emerges from the anterior surface of the spinal cord as a 
number of rootlets or filaments, which coalesce to form two bundles near 
the intervertebral foramen. 

The posterior root (except that of the first cervical nerve) is larger than the 
anterior ; its rootlets are attached along the posterolateral furrow of the spinal 
cord and umte to form two bundles which join the spinal ganglion. 

The spinal ganglia are collections of nerve-cells on the posterior roots of 
the spinal nerves. Each ganglion is oval in shape, reddish in colour, and its 
sfre bears a proportion to that of the nerve-root on which it is situated ; it is 
bifid medially where it is joined by the two bundles of the posterior nerve-root. 
The ganglia are usually placed in the intervertebral foramina, immediately out- 
side the points where the nerve-roots perforate the dura mater (fig. 965), but the 
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ganglia of the first and second cervical nerves lie on the vertebral arches of 
the atlas and axis, and those of the sacral nerves are inside the vertebral canal, 
and that of the coccygeal nerve is within the sheath of dura mater. 

The ganglia of the first pair of cervical nerves may be absent, while small aberrant 
ganglia consisting of groups of nerve- cells are sometimes found on the posterior roots of 
the upper cervical nerves between the spinal ganglia and the spinal cord. 

Each nerve-root receives a covering from the pia mater, and is loosely 
invested by the arachnoid mater, the latter being prolonged as far as the points 
where the roots pierce the dura mater. The two roots pierce the dura mater 
separately, each receiving a sheath from this membrane (fig. 927) ; where the 
roots join to form the spinal nerve this sheath is continuous with the epineurium 
of the nerve. 

Size and direction. — ^The roots of the upper four cervical nerves are small ; 
those of the lower four are large. The posterior roots of the cervical nerves 
bear a proportion to the anterior of three to one, which is greater than in the 

Fig. 964. — Diagrams of the central connexions of the somatic fibres (A) and 
sympathetic fibres (B) of a typical spinal nerve. Afferent fibres, blue ; 
connector neurons, black ; and efferent fibres, red. 



other regions ; their individual filaments are also larger than those of the 
anterior roots. The posterior root of the first cervical is an exception to this, 
being smaller than the anterior root ; in about eight per cent, of oases it is 
•wanting. The roots of the first and second cervical nerves are short, and run 
nearly horizontally to their points of exit from the -vertebral canal. IVom 
the third to the eighth cervical they are directed obliquely downwards, the 
obliquity and length of the roots successively increasing ; the distance, however, 
between the level of attachment of any of these roots to the spinal cord and 
the points of exit of the corresponding nerves never exceeds the height of one 

vertebra. n 

The roots of the thoracic nerves, with the exception of the &st, are of small 
size, and the posterior roots only slightly exceed the anterior in thickness. 
They increase successively in length, from above downwards, and, in the lower 
part of the thoracic region, descend in contact with the spinal cord for a distance 
equal to the height of at least two vertebrae before they emerge from the 
vertebral canal 

The roots of the lower lumbar and upper sacral nerves are the largest, and 
their uidividual filaments the most numerous of all the spmal nerves, while 
the roots of the coccygeal nerve are the smallest. • n j 

The roots of the lumbar, sacral, and coccygeal nerves run. vertically down- 
wards to their respective exits, and as the spinal cord ends ne^v the lower 
border of the first lumbar vertebra it follows that the lengths of the successive 
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roots must rapidly increase. As already mentioned (p. 888), the term cauda 
eqidnob is applied to this collection of nerve-roots. 

From the description given it will be seen that the largest nerve-roots, and 
consequently the largest spinal nerves, are attached to the cervical and lumbar 
swellings of the spinal cord ; these nerves are distributed to the upper and 
lower lunbs. 

Immediately beyond the spinal ganglion, the anterior and posterior nerve- 
roots unite to form the spinal nerve, which emerges through the intervertebral 
foramen. 

Coimexions with the sympathetic trunks. — ^After emerging from the inter- 
vertebral foramen each spinal nerve receives a branch {grey ramus communicans) 
from the corresponding ganglion of the sympathetic trunk, while the thoracic, 

Ftg. 965. — Scheme showing the relations of a cervical nerve and its ganglion 
to a cervical vertebra. 


Sympathetic ganglion 



and the first and second lumbar nerves each contribute a branch {white ramus 
communicans) to the corresponding sympathetic ganglion. The second, third, 
and fourth sacral nerves also give off visceral branches ; these, however, are 
not connected with the ganglia of the sympathetic trunk, but run directly into 
the pelvic plexuses (p. 1152). 

Components (figs. 964, 966). — ^Each typical spinal nerve contains fibres be- 
longing to two systems, viz. the somatic or cerebrospinal, and the autonomic 
(fig. 966), as weU as fibres connecting these systems with one another. 

1. The somatic efferent fibres originate in the cells of the anterior grey column 
of the spinal cord, and run outwards through the anterior nerve-roots to the 
spinal nerve. They convey impulses to the voluntary muscles, and are contin- 
uous from their origin to their peripheral distribution. The somatic afferent 
fibres convey impressions inwards from the skin, etc., and originate in the 
unipolar nerve-ceUs of the spinal ganglia. The single processes of these cells 
divide into peripheral and central fibres, and the latter enter the spinal cord 
through the posterior nerve-roots, 

^ 2. The autonomic fibres are also efferent and afferent. The efferent fibres 
originate in the lateral column of the spinal cord, and are conveyed through 
the anterior nerve-roots and the white rami communicantes. Those issuing 
from the thoracic and lumbar regions of the spinal cord pass to the corre- 
sponding ganglia of the sympathetic trunk ; here they may end by forming 
synapses around the cells of the ganglia, or they may run through one ganglion 
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to end in another on the sympathetic trunk, or in a more distally placed ganglion 
in one of the sympathetic plexuses. In all cases they end by forming synapses 
around other nerve-cells. From the cells of the ganglia of the sympathetic 
trunk other fibres (postganglionic) take origin ; some of these run through the 
grey rami communicantes to join the spinal nerves and are distributed to the 
blood-vessels, sweat glands, etc. ; others pass to the viscera. The fibres issuing 
from the sacral region of the spinal cord are parasympathetic ; they do not 
join the sympathetic ganglia but pass as the pelvic splanchnic nerves to the 
pelvic plexuses. The afferent fibres are derived from the cells of the spinal 


Fig. 966. — scheme showing the structure of a tj^ical spinal nerve. 



1. Somatic efferent. 2. Somatic afferent. 3, 4, 5. Autonomic efferent. 6, 7. Autonomic afferent. 


ganglia. Their peripheral processes are carried through the white rami com- 
municantes, and after passing without interruption through one or more sym- 
pathetic ganglia end in the tissues of the viscera. The central processes of the 
unipolar cells enter the spinal cord through the posterior nerve-roots and 
form synapses around either somatic or sympathetic efferent neurons, thus 
completing reflex arcs. Some authorities believe that the cells of Dogiel in the 
spinal ganglia (p. 1035) bring the autonomic afferent neurons into relationship 
with those of the somatic system, and so render possible the transference of 
an impulse from the former to the brain. 

Rami or Divisions. — After emergmg from the intervertebral foramen, each 
spinal nerve supplies a small meningeal branch, which re-enters the vertebral 
canal through the intervertebral foramen and is distributed to the vertebrae 
and then ligaments, and the blood-vessels of the spinal cord and its membranes. 
The spinal nerve then splits into a posterior and an anterior primary ramus, 
each receiving fibres from both nerve-roots. 
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THE POSTERIOR PRIMARY RAMI OF THE SPINAL NERVES 

The posterior primary rami of the spinal nerves are as a rule smaller than the 
anterior. They are directed backwards, and, with the exceptions of those of the 
first cervical, the fourth and fifth sacral, and the coccygeal, divide into medial 
and lateral branches for the supply of the muscles and skin (fig. 967) of the 
posterior part of the trunk. 


The Posterior Primary Rami of the Cervical Nerves 

The posterior primary ramus of each cervical nerve, with the exception of 
the first, divides into a medial and a lateral branch. All these branches innerv- 
ate muscles but, as a rule, only the medial branches of the second, third, fourth 
and, usually, the fifth, supply cutaneous areas. With the exception of the first 
and second, each posterior ramus passes backwards medial to the posterior 
intertransverse muscle and winds round the articular process to gain the interval 
between the semispinalis capitis and the semispinalis cervicis muscles. 

The posterior primary ramus of the first cervical or suboccipital nerve (fig. 
591) is larger than the anterior ramus, and emerges above the posterior arch 
of the atlas and below the vertebral artery. It enters the suboccipital 
triangle and supplies the muscles which bound this triangle, viz. the rectus 
capitis posterior major, and the superior and inferior oblique muscles ; it gives 
branches also to the rectus capitis posterior minor and the semispinalis capitis. 
A filament from the branch to the inferior oblique muscle joins the posterior 
primary ramus of the second cervical nerve (fig. 591). 

The nerve occasionally gives off a cutaneous branch which accompanies the occipital 
artery to the scalp, and communicates with the greater and lesser occipital nerves. 

The posterior primary ramus of the second cervical nerve is much larger 
than the anterior, and is the greatest of all the cervical posterior primary rami. 
It emerges between the posterior arch .of the atlas and the lamina of the axis, 
below the iaferior oblique muscle. It supplies a twig to this muscle, receives a 
communicating filament from the posterior primary ramus of the first cervical, 
and then divides into a large medial and a small lateral branch. 

The medial branch, called from its size and distribution the greater occipital 
nerve, ascends obhquely between the inferior oblique and the semispinalis 
capitis, and pierces the latter muscle and the trapezius near their attachments 
to the occipital bone. It is then joined by a filament from the medial branch of 
the posterior primary ramus of the third cervical, and, ascending on the back 
of the head with the occipital artery, divides into branches which communicate 
with the lesser occipital nerve and supply the skin of the scalp as far forward 
as the vertex of the skull. It gives muscular branches to the semispuialis 
capitis, and occasionally a twig to the back of the auricle. The lateral branch 
supplies filaments to the splenius, longissimus capitis and semispinalis capitis, 
and is often joined by the corresponding branch of the third cervical. 

The posterior primary ramus of the third cervical nerve is intermediate in 
size between those of the second and fourth. Its medial branch runs between 
the semispinalis capitis and semispinalis cervicis, and, piercing the splenius and 
trapezius, ends in the skin. While under the trapezius it gives a branch, called 
the third occipital nerve, which pierces the trapezius and ends in the skin of the 
lower part of the back of the head (fig. 967). It lies medial to the greater 
occipital nerve, and communicates with it. The lateral branch often joins that 
of the second cervical. 

The posterior primary ramus of the suboccipital, and the medial branches of the posterior 
primary rami of the second and third cervical nerves are sometimes joined by commun- 
icating loops to form the posterior cervical pUxus (Cruveilhier). 

The posterior primary rami of the lower five cervical nerves divide into medial 
and lateral branches. The medial branches of the fourth and fifth run between 
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the semispinalis cervicis and semispinalis capitis, and, having reached the spines 
of the vertebrae, pierce the splenius and trapezius to end in the skin (fig. 967). 
Sometimes the medial branch of the fifth fails to reach the skin. The medial 
branches of the lowest three nerves are small, and end in the semispinalis 
cervicis, semispinalis capitis, multifidus 

and interspinales. The lateral branches — A diagram showing the distrib- 

of the low toe Bupplj a, ooeto. °iS3 

cervicalis (inocostans cervicis), long- nerves, 
issimus cervicis, and longissimus capitis. 


The Posterior Primary Rami of 
THE Thoracic Nerves 


The medial branches of the posterior 
primary rami of the upper six thoracic 
nerves run between the semispinalis 
thoracis and multifidus, which they 
supply ; they then pierce the rhomboids 
and trapezius, and reach the skin by the 
sides of the spines (fig. 967). The medial 
branches of the lower six thoracic nerves 
are distributed chiefly to the multifidus 
and longissimus thoracis ; occasionaUy 
they give filaments to the skin near the 
median plane. 

The lateral branches increase in size 
from above downwards. They run 
through or deep to the longissimus 
thoracis to the interval between it and 
the iliocostocervicalis (iliocostahs), and 
supply these muscles; the lower five 
or six also give off cutaneous branches, 
which pierce the serratus posterior in- 
ferior and latissimus dorsi in a line with 
the angles or the ribs (fig. 967). The 
lateral branches of a variable number of 
the upper thoracic nerves also give fila- 
ments to the skin. The lateral branch 
of the twelfth thoracic, after sending a 
filament medially along the iliac crest, 
passes downwards to the skin of the 
anterior part of the buttock. 

The medial cutaneous branches of the post- 
erior primary rami of the thoracic nerves 
descend for some distance close to the spines 
before reaching the skin, while the lateral 
branches travel downwards for a considerable 
distance — it may be as much as the breadth 
of four ribs — before they become superficial ; 
the branch from the twelfth thoracic, for 
instance, reaches the skin only a little way 
above the fiiac crest.* 



The Posterior Primary Rami of the Lumbar Nerves 

The medial branches of the posterior primary rami of the lumbar nerves run 
close to the articular processes of the vertebrse and end in the multifidus. 

The lateral branches supply the sacrospinalis. The upper three give off 
cutaneous nerves which pierce the aponeurosis of the latissimus dorsi at the 
lateral border of the sacrospinalis and cross the posterior part of the iliac crest 

* H. M. Johnston, Jowrnal of Anatomy and Physiology, vol. xliii. 
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to reacli the skin of the buttock (fig. 967), some of their twigs running as far as 
the level of the greater trochanter. 

The Posterior Primary Rami of the Sacral Nerves 

The posterior primary rami of the sacral nerves are small, and diminish in 
size from above downwards ; they emerge, except the last, through the posterior 
sacral foramina. The upper three are covered at their points of exit by the 
multifidus, and divide into medial and lateral branches. 

The medial branches are small, and end in the multifidus. 

The lateral branches join with one another and with the lateral branches of 
the posterior primary rami of the last lumbar and fourth sacral to form loops on 
the dorsal surface of the sacrum. From these loops branches run to the dorsal 
surface of the sacrotuberous ligament and form a second series of loops under 
the gluteus maximus. From this second series of loops the gluteal branches, 
two or three in number, arise and at once pierce the gluteus maximus along 
a line drawn from the posterior superior iliac spine to the tip of the coccyx ; 
they supply the skin over the posterior part of the buttock (fig. 967). 

. The posterior primary rami of the loiver two sacral nerves are small and lie 
below the multifidus. They do not divide into medial and lateral branches, but 
unite with each other and with the posterior primary ramus of the coccygeal 
nerve to form loops on the back of the sacrum ; filaments from these loops 
supply the skin over the coccyx. 

The Posterior Primary Ramus of the Coccygeal Nerve 

The posterior primary ramus of the coccygeal nerve does not divide into a 
medial and a lateral branch, but receives, as already stated, a communicating 
branch from the last sacral ; it is distributed to the skin over the back of the 
coccyx. 


THE ANTERIOR PRIMARY RAMI OF THE SPINAL NERVES 

The anterior primary rami of the spinal nerves supply the limbs and the 
anterior and lateral aspects of the trunk ; they are for the most part larger 
than the posterior primary rami. In the thoracic region they run independently 
of one another, but in the cervical, lumbar, and sacral regions they unite near 
their origins to form plexuses. 


THE ANTERIOR PRIMARY RAMI OF THE CERVICAL NERVES 

The anterior primary rami of the cervical nerves, with the exception of the 
first, appear between the corresponding anterior and posterior intertransverse 
muscles. The anterior primary rami of the upper four nerves unite to form the 
cervical plexus ; those of the lower four, together with the greater part of the 
anterior primary ramus of the first thoracic nerve, join to form the brachial 
plexus. 

Each nerve receives a grey ramus communicans, the upper four from the 
superior cervical ganglion, the fifth and sixth from the middle cervical ganglion, 
and the seventh and eighth from the inferior cervical ganglion, of the sym- 
pathetic trunk (see p. 1145). 

The anterior primary ramus of the first cervical {suboccipital) nerve appears 
above the posterior arch of the atlas vertebra, and passes forwards round the 
lateral side of its lateral mass, medial to the vertebral artery. It supphes 
a branch to the rectus lateralis, and, emerging on the medial side of that 
muscle, descends in front of the transverse process of the atlas and behind 
the internal jugular vein, and joins with the ascending branch of the second 
nerve. 
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The anterior primary ramus of the second cervical nerve issues between the 
vertebral arches of the atlas and axis and runs forwards between the transverse 
processes of these two vertebrae ; passing in front of the first posterior inter- 
transverse muscle and on the lateral side of the vertebral artery it emerges 
between the longus capitis and levator scapulae muscles, but when the scalenus 
medius takes origin from the transverse process ,of the atlas, it intervenes be- 
tween the nerve and the levator scapulae. It divides into an ascending branch 
which joins with the first cervical nerve, and a descending branch which unites 
with the ascending branch of the third cervical nerve. 

The anterior primary ramus of the third cervical nerve appears between the 
longus capitis and scalenus medius. The anterior primary rami of the remaining 
cervical nerves emerge between the scalenus anterior and scalenus medius. 


The Cervical Plexus 

The cervical plexus (fig. 968) is formed by the anterior primary rami of the 
upper four cervical nerves ; each nerve, except the first, divides into an upper 
and a lower branch, and these unite to form three loops. The plexus is situated 
opposite the upper four cervical vertebrae, in front of the levator scapulse and 
scalenus medius, and under cover of the internal jugular vein and the sterno- 
mastoid muscle. 

Its branches are divided into two groups, superficial and deep, and are 
here given in tabular form ; the figures following the names indicate the spinal 
nerves fi‘om which the different branches take origin : 


/Lesser occipital 

SuverncialJ auricular 

^ ^ 1 Anterior cutaneous . 

I Supraclavicular 

[With hypoglossal 

/ Communicating 


Deep 


Medial 


Lateral 


< „ vagus . 

[ „ sympathetic 

Rectus capitis lateralis 
Rectus capitis anterior 
Longus capitis 
Longus cervicis 
Descendens cervicalis 
Phrenic . 

["Communicating with accessory . 

rStemomastoid 
J Trapezius 
I Levator scapulse . 

I Scalenus medius . 


Muscular 


|Muscular . 


. 2C. 

. 2, 3 C. 

. 2, 3 C. 

. 3, 4 C. 

. 1, 2 a 

. 1, 2 C. 

. 1, 2, 3, 4C. 
. 1C. 

. 1, 2 C. 

. 1, 2, 3 C. 

. 2, 3, 4 C. 

. 2. 3 C. 

. 3, 4, 5 C. 

. 2, 3, 4 C. 

. 2C. 

. 3, 4 C. 

. 3, 4 C. 

. 3, 4 C. 


The Superficial Branches of the Cervical Plexus (figs 968, 969) 

The lesser occipital nerve (figs. 968, 969) arises from the second cervical 
nerve, sometimes also from the third ; it hooks around the accessory nerve and 
ascends along the posterior border of the stemomastoid muscle. Near the 
cranium it perforates the deep fascia, and is continued upwards on the side of 
the head behind the auricle, supplying the skin and communicating with the 
great auricular and greater occipital nerves, and with the posterior auricular 
branch of the facial nerve. The lesser occipital nerve varies in size, and is 
sometimes du^cated. 

It sends off an auricular branch which supplies the skin of the upper third 
of the cranial surface of the auricle, and communicates with the posterior branch 
of the great auricular nerve. The auricular branch is occasionally derived 
from the greater occipital nerve. 

The great auricular nerve (figs. 968, 969) is the largest of the ascending 
branches. It arises from the second and third cervical nerves, winds round the 
posterior border of the stemomastoid muscle, and, after perforating the deep 
fascia, ascends upon that muscle beneath the platysma in company with the 

G.A. 5 M 
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external jugular vein. It passes on to the parotid gland, where it divides into 
an anterior and a posterior branch. 

The anterior branch is distributed to the skin of the face over the parotid 
gland, and communicates in the substance of the gland with the facial 

nerve. ^ i 

The posterior branch supplies the skin over the mastoid process and on the 
back of the auricle, except at its upper part ; a filament pierces the auricle 
to reach its lateral surface, where it is distributed to the lobule and lower part 


Fig. 968, — A plan of the cervical plexus. 



S upracLavicular 


of the concha. The posterior branch communicates with the lesser occipital 
nerve, the auricular branch of the vagus nerve, and the posterior auricular 
branch of the facial nerve. 

The anterior cutaneous nerve of the neck (n. cutaneus colli) (figs. 968, 969) 
arises from the second and third cervical nerves, turns round the posterior 
border of the sternomastoid about its middle, and runs obliquely forwards, 
deep to the external jugular vein, to the anterior border of the muscle. It 
perforates the deep cervical fascia, and divides beneath the platysma into 
ascending and descending branches, which are distributed to the anterolateral 
parts of the neck. 

The ascending branches pass upwards to the submandibular region, and form 
a plexus with the cervical branch of the facial nerve, beneath the platysma ; 
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others pierce that muscle, and are distributed to the skin of the upper and 
front parts of the neck. 

The descending branches pierce the platysma, and are distributed to the skin 
of the side and front of the neck, as low as the sternum. 

The supraclavicular nerves (figs. 968, 969) arise by a common trunk derived 
from the third and foimth cervical nerves. This trunk emerges from beneath 
the posterior border of the stemomastoid, descends under cover of the platysma 
and deep cervical fascia, and divides into medial, intermediate and lateral 
branches, which diverge from one another and pierce the deep fascia a little 
above the level of the clavicle. 


Fig. 969. — The nerves of the right side of the scalp, face and side of neck. 



The medial supraclavicular nerves cross obliquely over the external jugular 
vein and the clavicular and sternal heads of the stemomastoid, and supply 
the akin as far as the median plane. They furnish one or two filaments to the 
sternoclavicular joint. 

The intermediate supraclavicular nerves cross the clavicle, and supply the 
flkin over the pectoralis maj or and deltoid as low down as the level of the second rib . 
They communicate with the cutaneous branches of the upper intercostal nerves. 

The lateral supraclavicular nerves pass obliquely across the outer surface 
of the trapezius and the acromion, and supply the skin of the upper and posterior 
parts of the shoulder. 
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A'p'plied Anatomy , — Pains referred to the superficial terminal branches of the cervical 
plexus are not uncommon in caries of the cervical vertebrae, where pain may be felt radiating 
over the occipital bone, if the disease is situated high up in the vertebral column. 

The Deep Branches of the Cervical Plexus. Medial Series 

The communicating branches consist of several jfilaments which pass from 
the loop between the &st and second cervical nerves to the vagus, hypoglossal 
and sympathetic. The branch to the hypoglossal ultimately leaves that nerve 
as a series of branches, viz. the meningeal, the nervus descendens hypoglossi, the 
nerve to the thyrohyoid and, possibly, the nerve to the geniohyoid (p. 1078). 
A communicating branch also passes from the fourth to the fifth cervical nerve 
while each of the first four cervical nerves receives a grey ramus communicans 
from the superior cervical ganglion of the sympathetic trunk. 

Muscular branches supply the rectus capitis lateralis, rectus capitis anterior 
longus capitis and longus cervicis (longus colli) muscles. ’ 

The nervus descendens cervicalis (fig. 968) is formed usually by the union 
of two branches, one derived from the second cervical nerve and the other from 
the third. It passes downwards on the lateral side of the internal jugular vein 
crosses in front of this vein a tittle below the middle of the neck, and forms a 
loop (ansa hypoglossi) with the descending branch of the hypoglossal nerve 
(p. 1078) in front of the sheath of the carotid vessels or in its substance. Not 
i^equently the nervus descendens cervicahs passes forwards between the 
internal jugular vein and the common carotid artery to reach the ansa hypo- 
glossi (fig. 718). 

The phrenic nerve contains motor and sensory fibres in the proportion of 
about two to one. It arises chiefly from the fourth cervical nerve, but receives 
a branch from the third and another from the fifth (fig. 968) ; the fibres from 
the fifth occasionally come through the nerve to the subclavius (p. 1096) and 
may descend for some distance into the thorax before joining the main trunk 
(accessory phrenic nerve). Formed at the lateral border of the scalenus anterior, 
and running obliquely across the front of that muscle, the phrenic nerve 
descends to the root of the neck, under cover of the sternomastoid, the inferior 
belly of the omohyoid, and the transverse cervical and suprascapular (transverse 
scapular) vessels (fig. 71 8) . It next passes in front of the subclavian artery, between 
it and the subclavian vein, and, as it enters the thorax,. crosses from the lateral 
to the medial side of the internal mammary artery (fig. 783) . Within the thorax, 
it descends nearly vertically in front of the root of the lung, and then between 
the pericardium and the mediastinal pleura, to the diaphragm (fig. 785), where 
it divides into branches which pierce that muscle, and are distributed to its 
under-surface.^ In the thorax it is accompanied by the pericardiacophrenic 
branch of the internal mammary artery. 

The two phrenic nerves differ in their length, and also in their relations at 
the upper part of the thorax. 

The right nerve is situated more deeply, and is shorter and more vertical 
in direction than the left. It descends in front of the scalenus anterior which 
.separates it from the second part of the subclavian artery. It lies lateral 
to the right umommate vein and superior vena cava, and is separated by the 
pericardium from the right atrium of the heart. Its terminal fibres pass 
through the vena caval opening in the diaphragm." 

The left nerve is rather longer than the right, owing to the inclination of 
the heart to the left side, and to the diaphragm being lower on this than on the 
right side. At the root of the neck it crosses in front of the first part of the 
subclavian artery, and is itself crossed by the thoracic duct. In the superior 
mediastinum it lies between the left common carotid and left subclavian 
arteries, and crosses superficial to the vagus nerve just above the level of the 
arch of the aorta. It next crosses the arch o/ the aorta and passes in front of 
the root of the left lung to reach the left side of the pericardium, by which it is 
separated from the left ventricle of the heart. 

Each nerve supplies branches to the pericardium and pleura, and at the root 
of the neck is joined by a filament from the sympathetic, and, occasional! v, 
bv one from the ansa hypoglossi. 
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From the right mrve, one or two filaments pass with phrenic branches of 
the coeliac plexus to join in a small phrenic ganglioti ; and branches from 
this ganglion are distributed to the falciform and coronary ligaments of the 
liver, the suprarenal gland and inferior vena cava. From the left nerve, fila- 
ments pass to join the phrenic branches of the cceliac plexus, but without any 
ganglionic enlargement ; and a twig is distributed to the left suprarenal 
gland. 

Applied Anatomy . — In addition to its supply from the phrenics, the diaphragm receives 
innervation from the lower seven intercostal nerves at its periphery. This double sensory 
innervation explains the varied distribution of the referred pains that may be felt in different 
cases of infection or inflammation of the diaphragm, such as may occur in pleurisy or 
pneumonia affecting its upper surface, on the one hand, or in peritonitis attacking its lower 
surface on the other. For example, if it is the more central part of the diaphragm that 
becomes inflamed in a case of acute peritonitis, the patient may complain of pain and 
tenderness in the area of distribution of the cutaneous branches of the fourth and fifth 
cervical nerves, with the result that disease of the shoulder-joint or supraclavicular region 
is erroneously suspected, and the peritonitis is missed. On the other hand, if the periphery 
of the diaphragm chances to become infected in a patient with acute pleurisy or pneumonia, 
he may complain of acute pain and tenderness in the area of distribution of the cutaneous 
branches of the lower intercostal nerves, and may also exhibit rigidity of the underlying 
abdominal muscles, with the result that an acute intra-abdominal infection is erroneously 
diagnosed and a laparotomy is performed for the relief of a supposed appendicitis, chole- 
cystitis or localised peritonitis. 


The Deep Brai^ohes of the CERVicAii Plexus. Lateral Series 

Communicating branches. — ^The lateral series of deep branches of the cervical 
plexus communicates with the accessory nerve, in the substance of the sterno- 
mastoid, in the posterior triangle and under cover of the trapezius. 

Muscular branches are distributed to the sternomastoid, trapezius, levator 
scapulae and scalenus medius muscles. 

The branch for the sternomastoid is derived from the second cervical nerve ; 
the trapezius and levator scapulae receive branches from the third and fourth 
cervical nerves, those to the trapezius crossing the posterior triangle obliquely 
at a lower level than the accessory nerve. The scalenus medius receives twigs 
either from the third or fourth cervical nerves, or occasionally from both. 


The Brachial Plexus 

The brachial plexus (fig. 970) is formed by the union of the anterior primary 
rami of the lower four cervical nerves and the greater part of the anterior 
primary ramus of the first thoracic nerve ; the fourth cervical nerve usually 
gives a branch to the fifth cervical, and the jfirst thoracic nerve frequently 
receives one from the second thoracic. These nerves constitute the roots of the 
plexus, which extends from the lower part of the side of the neck to the axilla. 
The roots are nearly equal in size, but their mode of communication is subject 
to some variation. The following is, however, the most constant arrangement. 
The fifth and sixth cervical nerves unite at the lateral border of the scalenus 
medius to form the upper trunk of the plexus. The eighth cervical and first 
thoracic nerves unite behind the scalenus anterior to form the lower trunk of 
the plexus, while the seventh cervical nerve itself constitutes the middle trunk. 
These three trunks run, downwards and laterally and as — sometimes before — 
they pass behind the clavicle, each splits into an anterior and a posterior 
division.* The anterior divisions of the upper and middle trunks unite to form 
a cord, which is situated on the lateral side of the axillary artery, and is called 
the lateral cord of the plexus. The anterior division of the lower trunk passes 
down at first behind and then on the medial side of the axillary artery, and 
forms the medial cord of the brachial plexus ; this cord frequently receives 
fibres from the seventh cervical nerve. The posterior divisions of all three 

* The posterior division of the lower trunk is very much smaller than the others, and is 
frequently derived from the eighth cervical nerve before the trunk is formed. 
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trunks unite to form tke :posterior cord of the plexus, which is situated at first 
above and then behind the axillary artery. . . , . , 

Relations.— Jw the neck, the brachial plexus hes m the posterior tnangle in 
the angle between the clavicle and the lower part of the posterior border of the 
stemomastoid, being covered by the skin, platysma and deep fascia ; it is 
crossed by the supraclavicular nerves, the nerve to the subclavms, the inferior 
belly of the omohyoid, the external jugular vein and the transverse cervical 
artery (fig. 971). It emerges between the scalenus anterior and scalenus medius ; 
its upper part lies above the third part of the subclavian artery, while the lower 
trunk is placed behind the artery ; the plexus next passes behind the clavicle, 
the subclavius and the suprascapular (transverse scapular) vessels, and lies 

Fig. 970.—A plan of the brachial plexus. 



upon the first digitation of the serratus anterior and the subscapularis. In 
the axilla the lateral and posterior cords of the plexus are on the lateral side of 
the first part of the axillary artery, and the medial cord behind it. The cords 
surround the second part of the axillary artery on three sides, the medial cord 
lying on the medial side, the posterior cord behind, and the lateral cord on the 
lateral side of the artery. In the lower paxt of the axilla the cords split into the 
nerves for the upper limb. 

Close to their exit from the intervertebral foramina the fifth and sixth 
cervical nerves receive grey rami communicantes from the middle cervical 
ganglion, and the seventh and eighth cervical similar rami from the inferior 
cervical ganglion, of the sympathetic trunk (p. 1145). The first thoracic nerve 
receives a grey ramus from, and contributes a white ramus to, the first thoracic 
ganglion of the sympathetic trunk. 

The branches of the brachial plexus. — ^The branches of the brachial plexus 
are usually subdivided into two groups, viz. those arising above the clavicle 
(supraclavicular) and those below that bone (infraclavicular). 
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The SupRACLA^^c^LAR Branches 

The supraclavicular branches may be grouped as follows : (a) those arising 
from the roots, and (6) those arising from the trunks of the plexus. 


1. To scaleni and longus cervicis 

2. To join phrenic nervi 

3. Nerve to rhomboids 


From the roots 1 2. To join phrenic nerve 
of the plexus. '13. 

14. Nerve to serratus anterior 
From the trunks j 1 . Nerve to subclavius 
of the plexus. \2. Suprascapular nerve 


o. 6, 7, 8 C. 

oC. 

oC. 

5, 6, 7 C. 
o, 6 C. 
o, 6 C. 


Fig. 971. — A dissection of the brachial plexus of the right side, viewed 
from the anterolateral aspect. 


Phrenic n. Omohyoid m. {ewperior bdly) 


Superficial cervical a. 
Upper trunk 
Middle trunk | 

Lower trunk \ | 
Descending scapular a\ 

N, to serratus ant. 

Suprascapular vessels 
Suprascapular n. 


Internal jugular v. 

Stemomastoid m., clavicular 
I head (cut) 

Stemomastoid m., sternal h. 


Serratus ant. m. 



Deltoid m 
Lateral con 
Pectoralis minor mJ 

Posterior coi 
Medial con 
Lateral pectoral nj 
Subclaviana. 

Scalenus anterior m. 


Anterior jugular v. 
Int. rnamrnary a. 
Suprapleural membrane 


Subclavian v. External jugular v. 

The clavicle has been removed, but its position is indicated by a dotted outline. 


The branches for the scaleni and longus cervicis (longus colli) arise from the 
lower four cervical nerves close to their points of exit from the intervertebral 
foramina. 

On the scalenus anterior the phrenic nerve is joined by a branch from the 
fifth cervical nerve. 

The nerve to the rhomboids arises from the fifth cervical nerve, pierces the 
scalenus medius, passes on to the deep surface of the levator scapulae, to which 
it occasionally gives a twig, and runs in company with the deep branch of the 
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transverse cervical artery on the anterior surfaces of the rhomboids ; it ends 
by supplying these muscles. 

The nerve to the serratus anterior (fig. 971) usually arises by three roots 
from the fifth, sixth, and seventh cervical nerves, but the root from the seventh 
nerve may be absent. The roots from the fifth and sixth nerves pierce the scal- 
enus medius, while that from the seventh passes laterally in front of the muscle. 
The nerve descends behind the brachial plexus and the first part of the axillary 
vessels, resting on the outer surface of the serratus anterior. It is continued 
down to the lower border of that muscle, supplying, in its course, filaments to 
each of its digitations. 

The nerve to the subclavius is a small nerve which arises from the point of 
junction of the fifth and sixth cervical nerves ; it descends in front of the plexus 
and the third part of the subclavian artery, and is usually connected by a 
filament with the phrenic nerve. It then passes behind the subclavian vein and 
reaches the subclavius muscle, which it supplies. 

The suprascapular nerve (fig. 977) is a large nerve which arises from the 
upper trunk of the brachial plexus. It runs laterally deep to the trapezius 
and the omohyoid, and enters the supraspinous fossa through the suprascapular 
notch, passing below the suprascapular ligament ; it then runs deep to the 
supraspinatus, and curves round the lateral border of the spine of the scapula 
in company with the suprascapular (transverse scapular) artery to gain the 
infraspinous fossa. In the supraspinous fossa it gives two branches to the 
supraspinatus muscle, and articular filaments to the shoulder- joint and acromio- 
clavicular joint ; and in the infraspinous fossa it gives two branches to the 
infraspinatus muscle, besides some filaments to the shoulder- joint and scapula. 


The lNERACLAvrOTJL.AJEt Bbahches 


The infraclavioular branches are derived from the three cords of the brachial 
plexus, but their fibres may be traced through the plexus to the spinal nerves 
from which they originate. They are as follows : 


Lateral cord . 


Medial cord . 


r Lateral pectoral 
i Musculocutaneous . 
iLateral root of median . 
'Medial pectoral 
Medial cutaneous of forearm 
- Medial cutaneous of arm 
Medial root of median . 
.Ulnar* * . . 


Posterior cord \ 


Upper subscapular 
Lower subscapular 
Circiuhflex 
Nerve to latissimus 
.Radial , 


dorsi 


. 5, 6, 7 0. 
. 5,6,7 0. 
. 6,7 0. 


* j 8 0., 1 T. 

*. (7), 8 0., I T. 

. 5, 6 0. 

. 5,6 0. 

. 5,6 0. 

. 6, 7, 8 0. 

. 5, 6, 7, 8 0., 1 T. 


The pectoral nerves (fig. 976) supply the pectoralis major and pectoralis 
minor. 

The lateral pectoral nerve (lateral anterior thoracic nerve), the larger of the 
two, may arise by two roots from the anterior divisions of the upper and middle 
trunks, or by a single root from the point where these divisions unite to form 
the lateral cord of the plexus ; it receives its fibres from the fifth, sixth, and 
seventh cervical nerves. It crosses the axifiary artery and vein, pierces the 
clayipectoral fascia, and is distributed to the deep surface of the pectoralis 
major. It sends a filament to join the medial pectoral nerve and form with it a 
loop in front of the first part of the axiUary artery ; through this loop the lateral 
pectoral nerve distributes some fibres to the pectoralis minor. 

The medial pectoral nerve (medial anterior thoracic nerve) receives its fibres 
from the eighth cervical and first thoracic nerves, and arises from the medial 
cord of the plexus while that cord is stiU posterior to the axillary artery. It 


* See footnote on p. 1101. 
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curves forwards between the axillary artery and vein, and unites in front 
of the artery with a filament from the lateral pectoral nerve. It then enters 
the deep surface of the pectoralis minor and supplies that muscle. Two or 
three branches pierce the pectoralis minor, and others may pass round its 
inferior border, to end in the pectoralis major. 

The subscapular nerves, two in number, spring from the posterior cord of 
the plexus, and through it from the fifth and sixth cervical nerves. 

The up^er subscapular nerve, the smaller, enters the upper part of the 
subscapularis, and is frequently represented by two branches. 

The lower subscapular nerve supplies the lower part of the subscapularis, 
and ends in the teres major ; the latter muscle is sometimes supplied by a 
separate branch. 

The nerve to latissimus dorsi (thoracodorsal nerve), a branch of the posterior 
cord of the plexus, derives its fibres from the sixth, seventh and eighth cervical 
nerves ; it accompanies the subscapular artery along the posterior wall of 
the axilla and supplies the latissimus dorsi, in which it may be traced as far 
as the lower border of the muscle. 

The circumflex nerve (axillary nerve) (fig. 977) arises from the posterior 
cord of the brachial plexus, its fibres being derived from the fifth and sixth 
cervical nerves. It hes at first on the lateral side of the radial nerve and is 
placed behind the axillary artery, and in front of the subscapularis. At the 
lower border of that muscle it winds backwards in close relation to the lowest 
part of the articular capsule of the shoulder- joint, and, in company with the 
posterior circumfiex humeral vessels, passes through a quadran^ar space 
bounded above by the subscapularis, in front, and the teres minor, behind, below 
by the teres major, medially by the long head of the triceps and laterally by 
the surgical neck of the humerus. The nerve ends by dividmg into an anterior 
and a posterior branch. 

The anterior branch, accompanied by the posterior circumflex humeral 
vessels, winds round the surgical neck of the humerus, deep to the deltoid, as 
far as the anterior border of the muscle, stipplying it, and giving a few small 
cutaneous branches which pierce the muscle and ramify in the skin covering 
its lower part. 

The posterior branch supplies the teres minor and the posterior part of the 
deltoid ; upon the branch to the teres minor an oval enlargement (pseudo- 
ganglion) usually exists. The posterior branch then pierces the deep fascia and 
is continued as the upper latere^ cutaneous nerve of the arm, which sweeps round 
the posterior border of the deltoid and supplies the skin over the lower two- 
thirds of the posterior part of this muscle, and the skin covering the long head 
of the triceps (figs. 972, 973). 

The trunk of the circumflex nerve gives an articular filament which enters 
the shoulder- joint below the subscapularis. 

The musculocutaneous nerve (fig. 976) arises from the lateral cord of the 
brachial plexus, opposite the lower border of the pectoralis minor, its fibres 
being derived from the fifth, sixth, and seventh cervical nerves. It pierces 
the coracobrachialis and runs downwards and laterally between the biceps 
and the brachiahs to reach the lateral side of the arm ; a little below the elbow 
it pierces the deep fascia on the lateral side of the tendon of the biceps and 
is continued into the forearm as the lateral antebrachial cutaneous nerve. In 
its course through the arm it supplies the coracobrachialis, both heads 
of the biceps and the greater part of the brachialis. The branch to the 
coracobrachialis leaves the musculocutaneous nerve before that nerve enters 
the muscle ; it receives its fibres from the seventh cervical nerve, and in some 
instances arises directly from the lateral cord of the brachial plexus. The 
branches to the biceps and brachialis leave the musculocutaneous nerve after 
it has pierced the coracobrachialis ; that supplying the brachialis gives a 
filament to the elbow- j oint . The nerve also sends a small branch to the humerus ; 
this branch enters the bone with the nutrient artery. 

The lateral cutaneous nerve of the forearm (fig. 972) passes deep to the cephalic 
vein, and descends along the radial border of the forearm to the wrist. It 
supplies the skin over the lateral half of the anterior surface of the forearm 
and distributes branches which turn round the radial border of the forearm to 

2m2 
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communioate with the posterior cutaneous nerve of the forearm and the 
terminal branch of the radial nerve. At the wrist-joint it is placed in front of 
the radial artery, and some filaments, piercing the deep fascia, accompany that 
vessel to the dorsal surface of the carpus. The nerve then passes downwards 


Tig. 972. — The cutaneous nerves of 
the right upper limb. Anterior 
surface. 



Fig. 973. — A diagram showing the 
segmental distribution of the cut- 
aneous nerves of the right upper 
limb. Anterior surface. 



to the ball of the thumb, where it ends in cutaneous filaments. It commun- 
icates with the terminal branch of the radial nerve, and with the palmar 
cutaneous branch of the median nerve. 

The musculocutaneous nerve presents frequent irregularities. It may run 
behind the coracobrachialis or on rare occasions it may pass through the biceps. 
It may adhere for some distance to the median nerve and then pass behind 
the biceps instead of through the coracobrachialis. Some of the fibres of the 



1099 


THE BEACHIAL PLEXUS 

median nerve may nin for some distance in the musculocutaneous nerve and 
then leave it to join their proper trunk ; less frequently the reverse is the case, 
and the median nerve sends a branch to join the musculocutaneous nerve. 
Occasionally it gives a filament to the pronator teres and, sometimes, it 
may replace the branches of the radial nerve to the dorsal surface of the 
thumb. 

The medial cutaneous nerve of the forearm (fig. 976) arises from the medial 
cord of the brachial plexus. It derives its fibres from the eighth cervical and 
first thoracic nerves, and at its commencement is placed between the axillary 
artery and vein. Near the axilla it supplies a filament which pierces the fascia 
and is distributed to the skin covering the biceps, almost as far as the elbow. 
The nerve then runs down the arm on the medial side of the brachial artery, 
pierces the deep fascia with the basilic vein about the middle of the arm, and 
divides into an anterior and a posterior branch. 

The anterior branch, the larger, passes usually in front of, but occasionally 
behind, the median cubital vein (median basilic vein). It then descends on 
the front of the medial side of the forearm, distributing filaments to the skin 
as far as the wrist, and communicating with the palmar cutaneous branch 
of the ulnar nerve (fig. 972). 

The posterior branch passes obliquely downwards on the medial side of the 
basilic vein, in front of the medial epicondyle of the humerus, winds round to 
the back of the forearm, and descends on its medial side as far as the wrist, 
distributing filaments to the skin. It communicates with the medial cutaneous 
nerve of the arm, the posterior cutaneous nerve of the forearm, and the dorsal 
branch of the ulnar nerve (fig. 974). 

The medial cutaneous nerve of the arm is distributed to the skin on the 
medial side of the arm (fig. 972). It is the smallest branch of the brachial 
plexus, and, arising from the medial cord, receives its fibres from the eighth 
cervical and first thoracic nerves. It passes through the axilla and crosses in 
front of, or behind, the axillary vein. It then runs on the medial side of this 
vein, and communicates with the intercostobrachial nerve. It descends along 
the medial side of the brachial artery to the middle of the upper arm, where it 
pierces the deep fascia, and is distributed to the skin of the dorsal surface 
of the lower one-third of the arm over its medial half, extending as far as the 
elbow ; some filaments are lost in the skin in front of the medial epicondyle, and 
others over the olecranon. It communicates with the posterior branch of the 
medial cutaneous nerve of the forearm. 

In some subjects the medial brachial cutaneous and mtercostobrachial nerves are 
connected by two or three filaments, which form a plexus in the axiUa. In others the 
intercostobrachial nerve is large and may be reinforced by a part of the lateral cutaneous 
branch of the third intercostal nerve ; it then takes the place of the medial brachial 
cutaneous nerve, receiving from the brachial plexus a communicating filament which 
represents the latter nerve ; occasionally this filament is wanting. 

The median nerve (fig. 976) arises by two roots, one from the lateral and 
the other from the medial cord of the brachial plexus ; these embrace the lower 
part of the axillary artery, uniting either in front or on the lateral side of that 
vessel. Its fibres are derived from the (fifth), sixth, seventh, and eighth cervical 
and first thoracic nerves. As the median nerve descends through the arm, 
it lies at first lateral to the brachial artery ; about the level of the insertion of 
the coracobrachiahs it crosses in front of, occasionally behind, the artery, 
and then descends on its medial side to the bend of the elbow, where it is situated 
behind the bicipital aponeurosis (lacertus fibrosus), and is separated from the 
elbow- joint by the brachialis. It enters the forearm between the two heads of 
the pronator teres ; here it crosses the ulnar artery, but is separated from it 
by the deep head of the pronator teres. It passes behind the tendinous bridge 
which connects the humero-ulnar to the radial head of the fiexor digitorum 
sublimis and descends through the forearm under cover of, and adherent to, 
that muscle, lying on the flexor digitorum profundus. About 5 cm. above the 
flexor retinaculum (transverse carpal ligament) it is crossed by the oblique 
lateral border of the radial head of the flexor digitorum sublimis and becomes 
more superficial. It now lies between the tendons of the flexor digitorum 
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sublimis and the flexor carpi radialis, behind, but rather to the lateral side of, 
the tendon of the palmaris longus. It then passes behind the flexor retinaculum 
and gains the palm of the hand. In its course through the forearm it is accom- 
panied by the median artery, a branch of the anterior interosseous artery. 

Fig. 974. — ^The cutaneous nerves of Fig. 975. — diagram showing the segmental 
the right upper limb. Posterior distribution of the cutaneous nerves of the 

surface. right upper limb. Posterior surface. 



Median, C. 6, 7, 8 


Branches . — ^With the exception of the nerve to the pronator teres, which 
derives its fibres from the sixth cervical nerve and usually arises above the 
elbow-joint, the median nerve gives no branches in the arm. As it passes in 
front of the elbow, it supplies one or two twigs to the joint. 

In the forearm its branches are : muscular, anterior interosseous, and palmar. 
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The muscular hramhes are derived from the nerve near the elbow and supply- 
all the superficial muscles on the front of the forearm, except the flexor carpi 
ulnaris. 

The anterior interosseous nerve accompanies the anterior interosseous artery 
along the front of the interosseous membrane of the forearm, in the interval 
between the flexor pollicis longus and flexor digitorum profundus, supplying 
the whole of the former and the lateral half of the latter muscle ; it sends 
branches into the deep surface of the pronator quadratus, and ends by supplying 
the wrist-joint. 

The palmar branch of the median nerve arises at the lower part of the fore- 
arm. It pierces the deep fascia above the flexor retinaculum (transverse carpal 
ligament), and divides into a lateral and a medial branch ; the lateral branch 
supplies the skin over the thenar eminence, and communicates with the anterior 
branch of the lateral cutaneous nerve of the forearm ; the medial branch supplies 
the skin of the palm, and communicates with the palmar cutaneous branch of 
the ulnar nerve. 

In the palm of the hand the median nerve is covered by the skin, the palmar 
aponeurosis and the superficial palmar arch, and rests on the tendons of the 
flexor muscles. Immediately after emerging from behind the flexor retinaculum 
it becomes enlarged and flattened, and splits into a lateral and a medial portion. 
The lateral portion of the nerve supplies a short, stout branch to the following 
muscles of the baU of the thumb, viz. the abductor brevis, the opponens and 
the flexor brevis, and then divides into three palmar digital nerves ; two of 
these supply the sides and the joints of the thumb, while the third gives a twig 
to the first lumbrical and is distributed to the radial side of the index finger. 
The medial portion of the nerve divides into two palmar digital nerves. The 
first of these gives a twig to the second lumbrical and runs towards the cleft 
between the index and middle fingers, where it divides into two collateral 
branches for the adjoining sides of these digits. The second runs towards the 
cleft between the middle and ring fingers, and splits into two collateral branches 
for the adjoining sides of these digits ; it receives a communicating branch 
from the ulnar nerve, and sometimes sends a twig to the third lumbrical. 

Opposite the base of the proximal phalanx, each collateral digital nerve 
gives off a dorsal branch, which joins the dorsal digital branch from the radial 
nerve, and supplies the skin on the dorsal surface of the phalanx. At the end 
of the digit, each collateral digital nerve divides into two branches ; one 
supplies the pulp of the finger, the other ramifies around and beneath the nail. 
On the fingers the collateral digital nerves are in front of the corresponding 
arteries, and they give articular twigs to the metacarpophalangeal and inter- 
phalangeal joints. 

The ulnar nerve (fig. 976) arises from the medial cord of the brachial plexus, 
and derives its fibres from the seventh and eighth cervical and first thoracic 
nerves.* It runs downwards through the axilla on the medial side of the axillary 
artery, intervening between it and the axiUary vein, and continues downwards 
on the medial side of the brachial artery as far as the middle of the upper arm. 
Here it pierces the medial intermuscular septum, and descends in front of the 
medial head of the triceps, to the interval between the medial epicondyle 
and the olecranon, accompanied by the (superior) ulnar collateral artery. At 
the elbow it lies in a groove on the back of the medial epicondyle, and as it 
enters the forearm between the two heads of the flexor carpi ulnaris, it lies on 
the posterior and oblique parts of the medial ligament (ulnar collateral ligament) 
of the elbow- joint. It descends along the medial side of the forearm, lying 
upon the flexor digitorum profundus ; its upper half is covered by the flexor 
carpi ulnaris ; its lower half lies on t}ie lateral side of this muscle, and is covered 
by the skin and fasciae. In the upper one-third of the forearm, the ulnar nerve 

* Wilfred Harris {Journal of Anatomy ^ vol. xxxviii.) found a branch running from the 
seventh cervical nerve to the ulnar nerve, in 86 per cent, of subjects, and believed, on 
clinical grounds, that the fi.bres df this branch were mainly motor to the Flexor carpi 
ulnaris. 

E. A. Linell (Journal of Anatomy, vol. Iv.) found a considerable bundle of seventh 
cervical nerve-fi.bres running from the lateral root of the median nerve to the ulnar nerve 
in 57 per cent, of subjects. 
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is separated from the ulnar artery by a considerable interval, but in the rest of 
its extent it lies close to the medial side of the vessel. About 5 cm. above the 
wrist it gives off a dorsal branch, and it is then continued downwards into the 
hand, passiug in front of the flexor retinaculum (transverse carpal ligament) 
on the lateral side of the pisiform bone and lying medial to and somewhat 
behind the ulnar artery. It passes behind the superficial part of the retinaculum 
(volar carpal ligament) and ends by dividing into a superficial and a deep 
terminal branch. 

The branches of the ulnar nerve are : articular to the elbow- joint, muscular, 
palmar cutaneous, dorsal, and superficial terminal and deep terminal. 

The articular branches to the elbow- joint are several small filaments which 
arise from the nerve as it lies between the medial epicondyle and olecranon. 

The muscular branches, two in number, arise near the elbow ; one supplies 
the flexor carpi ulnaris ; the other, the medial half of the flexor digitorum 
profundus. 

The palmar cutaneous branch arises about the middle of the forearm, and 
descends on the ulnar artery, giving some filaments to the vessel. It perforates 
the deep fascia and ends in the skin of the palm, after communicating with the 
palmar branch of the median nerve. It sometimes supplies the palmaris brevis. 
^ The dorsal branch arises about 5 cm. above the wrist ; it passes backwards 
'deep to the flexor carpi ulnaris, perforates the deep fascia, and, running along 
the medial side of the back of the wrist and hand, divides into two, frequently 
three, dorsal digital nerves : one supplies the medial side of the little finger ; 
the second the adjacent sides of the little and ring fingers. The third, when 
present, supplies the adjoining sides of the ring and middle fingers, but it may 
be replaced, wholly or partially, by a branch of the radial nerve, with which it 
always communicates on the dorsum of the hand. A branch is distributed to 
the metacarpal region of the hand, communicating with a twig from the radial 
nerve (fig. 974). On the little finger the dorsal digital nerves extend only 
as far as the base of the distal phalanx, and on the ring finger as far as 
the base of the middle phalanx ; the more distal parts of these digits are 
supplied by dorsal branches derived from the collateral digital branches of the 
ulnar nerve. 

The superficial terminal branch supplies the palmaris brevis and the skin on 
the medial side of the hand, and divides into two palmar digital nerves. One 
of these supplies the medial side of the little finger ; the other sends a twig to 
join the median nerve and then divides into two collateral branches for the 
adjoining sides of the little and ring fingers (fig. 976). The collateral branches 
are distributed to the fingers in the same manner as those of the median nerve. 
The deep terminal branch, accompanied by the deep branch of the ulnar artery, 
passes between the abductor di^ti minimi and flexor digiti minimi ; it then 
perforates the opponens digiti minimi and follows the course of the deep palmar 
arch behind the flexor tendons. At its origin it supplies the three short muscles 
of the Uttle finger. As it crosses the hand, it gives branches to the interossei 
and to the third and fourth lumbricaJs ; it ends by supplying the adductor 
poUicis and the first palmar interosseous muscle (deep portion of the flexor 
pollicis brevis). It also sends articular filaments to the wrist- joint. 

It has been pointed out that the medial part of the flexor digitorum profundus is supplied 
by the ulnar nerve ; the third and fourth lumbricals, which are connected with the tendons 
of this part of the muscle, are supplied by the same nerve. In like manner the lateral part 
of the flexor digitorum profundus and the first and second lumbricals are supplied by the 
median nerve. The third lumbrical frequently receives an additional twig from the median 
nerve. 

The radial nerve (fig. 977), which is the largest branch of the brachial plexus, 
derives its fibres from the fifth, sixth, seventh, and eighth cervical and first 
thoracic nerves. It descends behind the third part of the axillary artery and 
the upper part of the brachial artery, and in front of the subscapularis and 
the tendons of the latissimus dorsi and teres major. Accompanied by the 
arteria profunda brachii it inclines backwards between the long and medial 
heads of the triceps, and passes obliquely across the back of the humerus 
in the spiral groove (sulcus nervi radialis), and under cover of the lateral 
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head of the triceps. On reaching the lateral side of the humerus it pierces 
the lateral intermuscular septum and enters the anterior compartment of 
the arm. It then descends, lying deeply in the intermuscular furrow which 

is bounded on the medial 


Fig. 977.- 


-The right suprascapular, circumflex, and 
radial nerves. 


Suprascapular^. 


Circumflex 


side by the brachialis and 
on the lateral side by the 
brachioradialis, above, and 
the extensor carpi radialis 
longus, below. On reach- 
ing the front of the lateral 
epicondyle it gives off 
the posterior interosseous 
nerve. It then descends 
along the front of the lateral 
side of the upper two-thirds 
of the forearm, lying at 
first upon the supinator, 
lateral to the radial artery, 
and behind the brachio- 
radialis. In the middle one- 
third of the fore-arm, it lies 
behind the same muscle, 
but is now close to the 
lateral side of the artery. 
It quits the artery about 7 
cm. above the wrist, passes 
deep to the tendon of the 
brachioradialis, and, pierc- 
ing the deep fascia, divides 
into five, sometimes four, 
dorsal digital nerves, which 
are distributed as follows : 
the first supplies the skin 
of the radial side and ball 
of the thumb, communi- 
cating with branches of the 
lateral cutaneous nerve of 
the forearm ; the second 
supplies the medial side of 
the thumb ; the third, the 
latefal side of the index 
finger ; the fourth, the ad- 
joining sides of the index 
and middle fingers ; the 
fifth communicates with a 
filament from the dorsal 
branch of the ulnar nerve, 
and supplies the adjoining 
sides of the middle and ring 
fingers,* but it is frequently 
replaced by the dorsal 
branch of the ulnar nerve. 
On the back of the hand 
the radial nerve usually 
communicates with the 
posterior and the lateral cutaneous nerves of the forearm. 

TBe'^raiiches of the radial nerve are : ' muscular, cutaneous, articular and 
the posterior interosseous nerve. 

* According to Hutchison, the digital nerve to the thumb reaches only as far as the 
root of the nail ; the one to the forefinger as far as the middle of the middle phalanx ; 
and those to the middle and ring fingers not farther than the proximal interphalangeal 
joints . — London Hospital Gazette f voL iii. p. 319. 
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The mvscular branches supply the triceps, anconeus, brachioradialis, ex- 
tensor carpi radialis longus and brachialis, and are grouped as medial, posterior 
and lateral. 

The medial muscular branches arise from the radial nerve on the medial 
side of the arm and supply the medial and long heads of the triceps ; the 
branch to the medial head is a long, slender filament, which lies close to the 
ulnar nerve as far as the lower one-third of the arm, and is therefore frequently 
named the ulnar collateral nerve. 

The posterior muscular branch, of large size, arises from the nerve as it lies 
in the spiral groove (sulcus nervi radiahs). It divides into filaments which 
supply the medial and lateral heads of the triceps and the anconeus. The 
branch for the latter muscle is a long nerve which descends in the substance of 
the medial head of the triceps, and gives numerous branches to it. It is accom- 
panied by a branch of the arteria profunda brachii, and passes behind the elbow- 
joint to end in the anconeus. 

The lateral muscular branches supply the brachioradialis, extensor carpi 
radialis longus and the lateral part of the brachialis. 

The cutaneous branches are the posterior cutaneous and the lower lateral 
cutaneous nerves of the arm and the posterior cutaneous nerve of the forearm. 

The posterior cutaneous nerve of the arm, of small size, arises in the axilla. 
It runs round the long head of the triceps to the medial side of the arm and 
supplies the skin on its dorsal surface nearly as far as the olecranon. It crosses 
posterior to, and communicates with, the intercostobrachial nerve. 

The lower lateral cutaneous nerve of the arm perforates the lateral head of 
the triceps just below the insertion of the deltoid muscle. It then passes to the 
front of the elbow, lying close to the cephalic vein, and supplies the skin of the 
lateral part of the lower half of the arm (fig. 972). The posterior cutaneous 
nerve of the forearm arises in common with the preceding branch. After 
perforating the lateral head of the triceps, ib descends along the lateral side of 
the arm, and then along the back of the forearm to the wrist, supplying the 
skin in its course, and joining, near its termination, with dorsal branches of 
the lateral cutaneous nerve of the arm (fig. 974). 

The articular branches are distributed to the elbow- joint. 

The posterior interosseous nerve (deep branch of the radial nerve) (fig. 977) 
winds to the back of the forearm round the lateral side of the radius between 
the two planes of fibres of the supinator. It gives a branch to the extensor 
carpi radialis brevis, and another to the supinator before it enters the latter 
muscle, and as it traverses its substance it supplies additional branches to it. 
As soon as it escapes from the supinator on the back of the forearm it gives 
off three short branches — ^to the extensor digitorum, extensor digit! minimi 
and extensor carpi ulnaris — and two long branches — a medial to the extensor 
pollicis longus and the extensor indicis, and a lateral which supphes the abductor 
pollicis longus and ends in the extensor poUicis brevis. The nerve lies at 
first between the superficial and the deep muscles of the back of the forearm, 
but, at the lower border of the extensor poUicis brevis, it passes deep to the 
extensor pollicis longus and, diminished to a fine thread, runs down on the dorsal 
aspect of the interosseous membrane of the forearm. Eioally it reaches the 
back of the carpus, where it presents a flattened and somewhat expanded 
termination from winch filaments are distributed to the ligaments and articul- 
ations of the carpus. 

Applied Anatomy , — The brachial plexus may be iujured by falls from a height on to 
the side of the head and shoulder, whereby the nerves of the plexus are violently stretched ; 
the upper trunk of the plexus sustains the greatest amount of injury, and the subsequent 
paralysis may be confined to the muscles supplied by the fifth nerve, viz. the deltoid, 
biceps, brachialis and brachioradialis, with sometimes the supraspinatus, infraspinatus 
and supinator. The position of the limb, under such conditions, is characteristic : the arm 
hangs by the side and is rotated medially ; the forearm is extended and pronated. The 
arm cannot be raised from the side ; aU power of flexion of the elbow is lost, as is also 
supination of the forearm. This is known as Erb’s paralysis, and a very similar condition is 
occasionally met with in new-born children, either from injury to the upper trunk from the 
pressure of the forceps used in effecting delivery, or from traction of the head in breech 
presentations. A second variety of partial palsy of the brachial plexus is known as 
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Klumpke’s paralysis. In this it is the eighth cervical and first thoracic nerves that are 
injured, either before or after they have joined to form the lower trunk. The subsequent 
paralysis affects, principally, the intrinsic muscles of the hand and the flexors of the wrist 
and fingers. 

The brachial plexus may also be injured by direct violence or a gunshot wound, by 
violent traction on the arm, or by effort at reducing a dislocation of the shoulder- joint ; 
and the amount of paralysis will depend upon the amount of injury to the constituent 
nerves. When the entire plexus is involved, the whole of the upper extremity will be 
paralysed and anaesthetic. In some cases the injury appears to be rather a tearing away 
of the roots of the nerves from the spinal cord than a rupture of the nerves themselves. 
The brachial plexus in the axilla is often damaged from the presence of a crutch, producing 
the condition known as ‘ crutch paralysis.* In these cases the radial is the nerve most 
frequently implicated ; the ulnar nerve suffers next in frequency. The median and radial 
nerves often suffer from ‘ sleep palsies,’ paralysis from pressure coming on while the patient 
is profoundly asleep under the influence of alcohol or some narcotic. 

Paralysis of the nerve to serratus anterior (long thoracic nerve) throws that muscle out 
of action, and may occur in porters, in whom the nerve is exposed to injury as it lies in the 
posterior triangle of the neck. The inferior angle of the scapula is ^awn towards the 
median plane, by the unopposed action of the rhomboids and levator scapulae, and tends 
to project backwards when the arm is held horizontally forwards. The arm oaimot be 
raised above the horizontal unless the inferior angle of the scapula is pushed laterally and 
forwards for the patient. 

The circumflex nerve (axillary nerve), on account of its course round the surgical neck 
of the humerus, is liable to be torn in fractures of this part of the bone, and in dislocations 
of the shoulder- joint ; paralysis of the deltoid, and anaesthesia of the skin over the lower 
part of that muscle, result. Paralysis of the deltoid renders complete abduction of the arm 
impossible. The associated paralysis of the teres minor is not easily demonstrated. 

The median nerve is liable to injury in wounds of the forearm. When it is completely 
divided above the origin of its muscular and anterior interosseous branches, there is loss 
of flexion of the second phalanges of all the fingers, and of the terminal phalanges of the 
index and middle fingers. Flexion of the terminal phalanges of the ring and little fingers 
is effected by that portion of the flexor digitorum profundus which is supplied by the 
ulnar nerve. There is power to flex the proximal phalanges through the interossei. The 
thumb cannot be flexed, opposed or abducted, and is maintained in a position of extension 
and adduction. There is loss in the power of pronating the forearm ; the brachioradialis 
has the power of bringing the forearm into a position of mid-pronation, but beyond this 
no further pronation can be effected. The wrist can be flexed by the flexor carpi ulnaris, but 
flexion is combined with adduction of the hand. There is loss or impairment of sensation on 
the palmar surfaces of the thumb, index, middle, and radial half of the ring fingers, and on 
the dorsal surfaces of the same fingers over the last two phalanges ; except in the thumb, 
where the loss of sensation is limited to the back of the distal phalanx. Owing to the 
paralysis of the short muscles of the thumb which has already been described, an ‘ ape-like ’ 
hand is produced. More commonly, however, the nerve is injured just above the flexor 
retinaculum (transverse carpal ligament), when the power of flexion of the fingers and 
pronation of the forearm remains intact, unless the flexor tendons are also divided. 

The ulnar nerve is also liable to be injured in wounds of the forearm, such injury leading 
to impaired power of ulnar flexion, and upon an attempt being made to flex the wrist, 
the hand is drawn to the radial side by the flexor carpi radialis ; there is inability to spread 
out the fingers from paralysis of the interossei, and for the same reason the fingers, 
especially the ring and little fingers, cannot be flexed at the metacarpophalangeal joints or 
extended at the iuterphalangeal joints, and the hand assumes a claw shape from the 
action of the opposing muscles ; there is loss of power of flexion in the little and ring 
fingers ; and there is inability to adduct the thumb. The muscles of the hypothenar 
eminence become wasted. Sensation is lost, or impaired, in the skin supplied by the 
nerve. Wasting of the muscles which it supplies is not uncommonly seen where a ‘ cervical 
rib ’ is present, the lower end of the plexus passing across its upper surface. 

The radial nerve also is frequently injured. In consequence of its close relationship 
to the humerus, it is often tom or injured in fractures of this bone, or subsequently 
involved during the repair of the fracture, and its functions are interfered with. It is 
also liable to be contused against the bone by kicks or blows, or to be divided in wounds 
of the arm. When paralysed, the hand is flexed at the wrist and lies flaccid. This is 
known as wrist-drop. The fingers are also flexed, and when an attempt is made to extend 
them, the last two phalanges only will be extended, through the action of the lumbrical 
and interosseous muscles ; the first phalanges remain flexed. Extension of the wrist 
is impossible. Supination is completely lost when the forearm is extended on the arm, 
but is possible to a certain extent if the forearm be flexed so as to allow of the action of 
the biceps. The power of extension of the forearm is lost on account of paralysis of the 
triceps, if the injury to the nerve has taken place near its origin. As the radial nerve has 
only a very small area of exclusive supply, the extent of the anaesthesia associated with 
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severe injuries to the nerve is surprisingly small and is confined to a limited region on the 
lateral part of the dorsum of the hand. 

Occasionally the whole plexus is moved up one segment. In this event the contribution 
of the fourth cervical nerve is large and that from the first thoracic nerve correspondingly 
small. The condition is termed “ pre-fiixation ” of the plexus. The opposite condition, 
in which the whole plexus is moved one segment caudaUy, is termed “ post-fixation ” of the 
plexus. It is characterised by a large contribution from the second thoracic nerve, and a 
correspondingly small contribution from the fifth cervical. 


THE ANTERIOR PRIMARY RAMI OF THE THORACIC NERVES 

The anterior primary rami of the thoracic nerves (fig. 978) are twelve in 
number on each side. Eleven of them are situated between the ribs, and are 
therefore termed intercostal ; the twelfth lies below the last rib and is frequently 
termed the subcostal nerve. Each nerve is connected with the adjoining ganglion 
of the sympathetic trunk by a grey and a white ramus communicans ; occasion- 
ally these two rami are enclosed in a common sheath, but, as a rule, they remain 
separate and the grey ramtfs joins the nerve proximal to the point at which 
the white ramus leaves it. The intercostal nerves are distributed chiefly to the 
parietes of the thorax and abdomen. The first two nerves supply fibres to the 
upper limb in addition to their thoracic branches ; the next four are limited in 
their distribution to the parietes of the thorax ; the lower five supply parietes of 
the thorax and abdomen ; the lower seven supply fibres to the diaphragm ; the 
subcostal nerve is distributed to the abdominal wall and the skin of the buttock. 
Communicating branches lick the intercostal nerves to one another in the 
posterior parts of the mter costal spaces and, in addition, the lower five com- 
municate freely as they traverse the abdominal wall.* 

The upper thoracic nerves. — The anterior primary ramus of the first thoracic 
nerve divides into a large and a small branch. The large branch ascends in 
front of the neck of the first rib on the lateral side of the superior intercostal 
artery, and enters the brachial plexus (p. 1093). The small branch is th.^ first 
intercostal nerve ; it runs along the first intercostal space, and ends on the front 
of the chest as the first anterior cutaneous branch of the thorax. Occasionally 
this small anterior cutaneous branch is wanting. The first intercostal nerve as 
a rule gives ofi no lateral cutaneous branch ; but sometimes it sends a small 
branch to communicate with the intercostobrachial. The first thoracic nerve 
frequently receives a connecting twig from the second nerve ; this twig ascends 
in front of the neck of the second rib. 

The anterior primary rami of the second, third, fourth, fifth, and sixth 
thoracic nerves pass forwards (fig. 979) in the intercostal spaces below the inter- 
costal vessels. At the back of the chest they lie between the pleura and the 
posterior intercostal membranes, but in most of their course they run between 
the internal intercostal muscles and the intercostales intimi (intracostales) 
(p. 553). Where the latter miuscles are absent, the nerves he in contact with 
the parietal pleura. Near the sternum, they cross in front of the mtemal 
mammary artery and stemocostalis (transversus thoracis) nluscle, pierce the 
internal intercostals, the anterior intercostal membranes, and the pectoralis 
major, and are now named the anterior cutaneous nerves of the thorax ; they 
supply the skin of the front of the thorax ; the anterior cutaneous branch of 
the second nerve may be connected to the medial supraclavicular nerves of 
the cervical plexus. 

Branches. — ^Numerous slender muscular filaments supply the intercostal 
muscles, the levatores costarum, the serratus posterior superior, and the stemo- 
costalis. At the front of the thorax some of these branches cross the costal 
cartilages from one intercostal space to another. 

Each intercostal nerve, except the first, gives off a collateral branch * and a 
lateral cutaneous branch before it reaches the angle of the rib. The collateral 
branch follows the lower border of the space in the same intermuscular interval 
as the main trunk, which it may, or- may not, rejoin before it is distributed as 

* F. Davies, R, J. Gladstone and E. P. Stibbe, Journal of Anatomy, vol. Ixvi. 1932, 
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an additional anterior cutaneous nerve. The lateral cutaneous branch accom- 
panies the main trunk for a time and then pierces the intercostal muscles 
obliquely. With the exception of the lateral cutaneous branch of the second 
intercostal nerve, each divides into anterior and posterior branches, which 
subsequently pierce the serratus anterior muscle. The anterior branches run 
forwards over the border of the pectoralis major and supply twigs to the over- 
lying skin ; those of the fifth and sixth nerves supply twigs to the upper 
digitations of the external oblique muscle. The posterior branches run back- 
wards, and supply the skin over the scapula and latissimus dorsi. 

The lateral cutaneous branch of the second intercostal nerve is named 
the iniercostobrachial nerve (fig. 976). It crosses the axilla to gain the medial side 
of the arm, and joins with a filament from the medial cutaneous nerve of the 


Fia. 978. — diagram showing the distribution of the cutaneous nerves on the 

front of the trunk. 

Supraclavicular nerves 



arm. It then pierces the deep fascia of the arm, and supplies the skin of the 
upper half of the medial and posterior parts of the arm, communicating with 
the posterior brachial cutaneous branch of the radial nerve. The size of the 
mtercostobraehial nerve is in inverse proportion to that of the medial brachial 
cutaneous nerve. A second intercostobrachial nerve is frequently given off 
from the anterior part of the lateral cutaneous branch of the third intercostal 
nerve ; it supplies filaments to the axilla and to the medial side of the arm. 

The lower thoracic nerves. — The anterior primary rami of the seventh, 
eighth, ninth, tenth, and eleventh thoracic nerves are continued anteriorly from 
the intercostal spaces into the abdominal wall. 

As they approach the anterior ends of the spaces in which they lie, the 
seventh and eighth nerves curve upwards and medially across the deep surface 
of the costal margin, insinuating themselves between the digitations of the 
transversus abdominis to gain the deep aspect of the posterior lamella of the 
aponeurosis of the internal oblique. Having pierced this layer, they lie behind 
the rectus abdominis muscle and continue upwards and medially (fig. 980) for a 
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short distance parallel with the costal margin. Both supply the rectus abdo- 
minis and, having passed through the muscle near its lateral edge, pierce 
the anterior wall of its sheath, to reach and supply the skin. It will be 
observed that both the seventh and the eighth intercostal nerves cross the 
costal margin medial to the lateral border of the rectus abdominis and therefore 
enter its sheath by piercing its posterior wall. 

The ninth, tenth and eleventh intercostal nerves pass between the digitations 
of the transversus abdominis to gain the interval between that muscle and the 
internal oblique. In this intermuscular interval the ninth nerve runs almost 
horizontally^ but the tenth and eleventh nerves run definitely downwards and 
medially. When they reach the lateral edge of the rectus abdominis, they 
pierce the posterior lamella of the internal oblique aponeurosis and pass behind 
the muscle. They end like the terminal branches of the seventh and eighth 
intercostal nerves. 

The lower intercostal nerves supply the intercostal, the subcostal and the 
abdominal muscles, and the last three send branches to the serratus posterior 

Fig. 979. — diagram of the course of a t37pical intercostal nerve. The muscular 
and the collateral branches are not shown. 



inferior. Like the upper intercostal nerves the lower intercostal nerves give 
off collateral and lateral cutaneous branches before they reach the angles of the 
ribs. The collateral branch may, or may not, rejoin the main trunk, but, if it 
does so, it leaves it again near the lateral border of the rectus abdominis and 
runs forwards below it (fig. 980). It pierces the muscle and the anterior wall 
of its sheath near the linea alba and supplies the skin. The lateral cutaneous 
branches pierce the intercostals and the external oblique muscle, in the same 
line as the lateral cutaneous branches of the upper thoracic nerves, and divide 
into anterior and posterior branches, which are distributed to the skin of the 
abdomen and back respectively ; the anterior branches also supply twigs to 
the digitations of the external oblique muscle, and extend downwards and 
forwards nearly as far as the margin of the rectus abdominis ; the posterior 
branches pass backwards to supply the skin over the latissimus dorsi. Each 
lateral cutaneous branch descends as it pierces the external oblique muscle 
and the superficial fascia so that it reaches the skin on a level with the corre- 
sponding anterior cutaneous branch and the cutaneous branch of the correspond- 
ing posterior primary ramus (p. 1087). 

The anterior primary ramus of the twelfth thoracic nerve is larger than the 
others, and often gives a communicating branch to the first lumbar nerve. 
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Like the intercostal nerves it soon gives off a collateral branch. It accompanies 
the subcostal artery along the lower border of the twelfth rib, and passes 
behind the lateral arcuate ligament (lateral lumbocostal arch). It then runs 
behind the kidney, and in front of the upper part of the quadratus lumborum, 
perforates the aponeurosis of origin of the transversus, and passes forwards 
between that muscle and the obliquus internus, to be distributed in the same 
manner as the lower intercostal nerves. It communicates with the iliohypo- 
gastric nerve of the lumbar plexus, and gives a branch to the pyramidalis. The 
lateral cutaneous branch of the twelfth thoracic nerve pierces the internal and 


Fig. 980. — A dissection to show the courses taken by the seventh, eighth and 
ninth intercostal nerves of the right side, after they enter the sheath of 
the rectus abdominis muscle. 
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i rsctus abdominis muscle has been cut across ; its upper part has been turned upwards, exposing 
most of the seventh and the anterior end of the eighth costal cartilage ; its lower part has been turned 
downwards, exposing the posterior wall of the sheath. 


external oblique muscles, gives a twig to tbe lowest slip of the latter, descends 
over the iliac crest about 5 cm. behind the anterior superior iliac spine (fig. 987), 
and is distributed to the skin of the front part of the buttock, some of its 
filaments reaching as low as the greater trochanter of the femur.- 

Applied Anaiomy , — The lower seven thoracic nerves and the iliohypogastric branch of 
the first lumbar nerve supply the skin of the abdominal wall The sixth and seventh supply 
the skin over the ‘ pit of the stomach ’ ; the eighth corresponds to about the position of the 
middle tendinous intersection of the rectus abdominis ; the tenth to the umbilicus ; the 
iliohypogastric supplies the skin over the pubis and superficial inguinal ring. In many 
diseases affecting the neive- trunks at or near their origins, the pain is referred to their 
peripheral terminations. Thus, in Pott’s disease of the vertebrae, children often suffer 
from pain in the abdomen. When the irritation is confined to a single pair of nerves the 
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sensation complained of is often a feeling of constriction, as if a cord were tied round the 
abdomen, and in these cases the situation of the sense of constriction may serve to localise 
the disease in the vertebral column. VTiere the bone disease is more extensive and two 
or more nerves are involved, a more general, diffused pain in the abdomen is felt. 

Again, it must be borne in mind that the nerves which supply the skin of the abdomen 
supply also the planes of muscle which constitute the greater part of the abdominal wall. 
Hence, any irritation applied to the peripheral ends of the cutaneous branches in the skin 
of the abdomen is immediately followed by reflex contraction of the abdominal muscles. 
The supply of both muscles and skin from the same source is of importance in protecting 
the abdominal viscera from injury. A blow on the abdomen, even of a severe character, 
will do no injury to the viscera if the muscles are in a condition of firm contraction ; whereas 
in cases where the muscles have been taken unawares, and the blow has been struck while 
they were in a state of rest, an injury insufficient to produce any lesion of the abdominal 
wall has been attended with rupture of some of the abdominal contents. The importance, 
therefore, of immediate reflex contraction upon the receipt of an injury cannot be over- 
estimated, and the intimate association of the cutaneous and muscular fibres in the same 
nerve produces a much more rapid response on the part of the muscles to any peripheral 
stimulation of the cutaneous filaments than would be the case if the two sets of fibres 
were derived from independent sources. 

The nerves supplying the abdominal muscles and skin, derived from the lower inter- 
costal nerves, are intimately connected with the sympathetic nerves supplying the abdom- 
inal viscera through the lower thoracic ganglia, from which the splanchni.c nerves are derived. 
In consequence of this, in laceration of the abdominal viscera, and in acute peritonitis, 
the muscles of the belly wall become firmly contracted, and thus as far as possible preserve 
the abdominal contents in a condition of rest. 


THE ANTERIOR PRIMARY RAMI OF THE LUMBAR NERVES 

The anterior primary rami of the lumbar nerves increase in size from the first 
to the last. They are joined, near their origins, by grey rami communicantes 
from the lumbar ganglia of the sympathetic trunk. These rami consist of long, 
slender branches which accompany the lumbar arteries round the sides of the 
vertebral bodies, under cover of the psoas major. Their arrangement is some- 
what irregular : one ganglion may give rami to two lumbar nerves, or one 
lumbar nerve may receive rami from two ganglia : not infrequently the rami 
arise from the sympathetic trunk between two ganglia. The fifrst and second, 
and sometimes the third, lumbar nerves are each connected with the lumbar 
part of the sympathetic trunk by a white ramus communicaris. 

The anterior primary rami of the lumbar nerves pass downwards and laterally 
behind the psoas major, or between its fasciculi. The first three nerves and the 
greater part of the fourth, form the lumbar plexus. The smaller part of the 
fourth nerve * joins with the fifth to form the lumbosacral trunk, which assists 
in the formation of the sacral plexus. 


The Lumbab Plexus 

The lumbar plexus (fig. 981) is situated in the posterior part of the psoas 
major, in front of the transverse processes of the lumbar vertebrse ; it is formed 
by the anterior primary rami of the first three lumbar nerves and the greater 
part of the anterior primary ramus of the fourth ; the first lumbar nerve receives 
a branch from the last thoracic nerve. 

The mode in which it is arranged varies in different subjects, but the usual 
condition is the following.. The first lumbar nerve, supplemented by a twig 
from the last thoracic, splits into an upper and a lower branch ; the upper, 

*** The fourth nerve is named the nervus furoalis, from the fact that it is subdivided 
between the two plexuses. In most cases the fourth lumbar is the nervus furcalis ; but 
this arrangement is frequently departed from. The third is occasionally the lowest nerve 
which enters the lumbar plexus, giving at the same time some fibres to the sacral plexus, 
and thus forming the nervus furcalis ; or both the third and fourth may be furcal nerves. 
When this occurs, the plexus is termed high or prefixed. More frequently the fifth nerve 
is divided between the lumbar and sacral plexuses, and constitutes the nervus furcalis ; 
and when this takes place, the plexus is distinguished as a low or postfixed plexus. These 
variations necessarily produce corresponding modifications in the sacral plexus. 
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larger branch divides into the iliohypogastric and ilio-inguxnal nerves ; the 
lower, smaller branch unites with a branch of the second lumbar to form the 
genitofemoral nerve. The remainder of the second nerve, the third nerve, 
and the part of the fourth nerve which joins the plexus, divide into ventral and 
dorsal branches. The ventral branch of the second unites with the ventral 
branches of the third and fourth nerves to form the obturator nerve. The 
dorsal branches of the second and third nerves each divide into a smaller and 
larger part ; the smaller parts unite to form the lateral femoral cutaneous 
nerve, and the larger parts join with the dorsal branch of the fourth nerve to 
form the femoral nerve. The accessory obturator, when it exists, arises from 
the ventral branches of the third and fourth nerves. 

The branches of the lumbar plexus may therefore be arranged as follows : 


Muscular . . . . 

Iliohypogastric . 
Ilio-inguinal 
Genitofemoral . 

Lateral femoral cutaneous 
Femoral . . 

Obturator 

Accessory obturator . 


. 12 T., 1, 2, 3, 4 L. 
. 1 L. 

. 1 L. 

. 1, 2L. 

Dorsal divisions. 

. 2, 3 L. 

. 2, 3, 4L. 

Ventral divisions. 

. 2, 3, 4 L. 

. 3, 4L. 


Muscular branches are distributed to the quadratus lumborum from the 
twelfth thoracic and first three or four lumbar nerves ; to the psoas minor 
from the first, and to the psoas major and iliacus from the second, third and 
fourth lumbar nerves. 

The iliohypogastric nerve arises from the first lumbar nerve (fig. 981). It 
emerges from the upper part of the lateral border of the psoas major, and 
crosses obliquely behind the lower part of the kidney, and in front of the 
quadratus lumborum. Just above the iliac crest it perforates the posterior part 
of the transversus abdominis, and divides between that muscle and the obliquus 
intemus abdominis into a lateral and an anterior cutaneous branch. 

The lateral cutaneous branch pierces the internal and external oblique muscles 
immediately above the iliac crest at a point a little behind the iliac branch 
of the twelfth thoracic nerve ; it is distributed to the skin of the anterior part 
of the side of the buttock. 

The anterior cutaneous branch (fig. 978) runs between the obliquus internus 
and transversus, supplying twigs to both muscles. It then pierces the obliquus 
intemus at a point about 2 cm. on the medial side of the anterior superior iliac 
spine, perforates the aponeurosis of the external oblique about 3 cm. above 
the superficial inguinal ring, and is distributed to the skin of the abdomen 
above the pubis. 

The iliohypogastric nerve communicates with the last thoracic and ilio- 
inguinal nerves. 

The ilio-inguinal nerve, smaller than the iliohypogastric nerve, arises with 
it from the first lumbar nerve (fig. 981), It emerges from the lateral border of 
the psoas major, with or just below the iliohypogastric nerve, and, passing 
obliquely across the quadratus lumboruni and the upper part of the iliacus, 
perforates the transversus abdominis, near the anterior part of the iliac crest, 
and communicates with the iliohypogastric nerve. It then pierces the internal 
oblique muscle, distributing filaments to it, and, accompanying the spermatic 
cord through the superficial inguinal ring, is distributed to the skin of the 
upper and medial part of the thigh, to the skin over the root of the penis and 
upper part of the scrotum in the male (fig. 978), and to the skin covering the 
mons pubis and labium majus in the female. 


The size of the iho-mgmnal nerve is in inverse proportion to that of the iliohypogastric. 
Occasionally it is very small, and ends by joining the iliohypogastric nerve ; in such cases, 
a branch from the iliohypogastric takes the place of the ilio-inguinal, or the latter nerve 
may be altogether absent. On the analogy of the intercostal nerves the ilio-inguinal 
nerve may be regarded as the collateral branch (p. 1107 ) of the first lumbar nerve, and the 
iliohypogastric as the main trunk, which gives off the lateral cutaneous branch. 
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The genitofemoral nerve arises from the first and second lumbar nerves 
(fig. 981). It passes obliquely forwards and downwards through the substance 
of the psoas major, and emerges near its medial border, opposite the third or 
fourth lumbar vertebra : it then descends on the surface of the psoas major, 
under cover of the peritoneum, and,’ crossing obliquely behind the ureter, 
divides at a variable distance above the inguinal hgament into the genital 
(external spermatic) and femoral (lumbo-inguinal) branches. The genitofemoral 
nerve frequently divides close to its origin, and its two branches then emerge 
separately through the psoas major. 

The genital branch (external spermatic nerve) crosses the lower end of the 
external iliac artery, and enters the inguinal canal through the deep inguinal 

Fig. 981. — plan, of the lumbar plexus. 



ring ; it supplies the cremaster, and gives a few filaments to the skin of the 
scrotum. In the female, it accompanies the round ligament of the uterus and 
ends in the skin of the mons pubis and labium majus. 

The femoral branch (lumbo-inguinal nerve) descends on the lateral side of 
the external iliac artery, and sends a few filaments round it ; it then crosses 
the deep circumflex ihac artery, and, passing behind the inguinal ligament, 
enters the femoral sheath, lying lateral to the femoral artery. It pierces the 
anterior layer of the femoral sheath and the fascia lata, and supplies the skin 
over the upper part of the femoral triangle (fig. 982), It communicates with 
the intermediate cutaneous nerve of the thigh, and gives a few twigs to the 
femoral artery. 

The lateral cutaneous j;ierve of the thigh arises from the dorsal branches of 
the anterior primary rami of the second and third lumbar nerves (fig. 981). 
It emerges from the lateral border of the psoas major, and crosses the iliacus 
obliquely, running towards the anterior superior iliac spine. On the right side 
the nerve passes behind and lateral to the caecum, from which it is separated 
by the fascia iliaca and the peritoneum ; on the left side, it passes belmd the 
lower part of the descending colon. ' It then passes behind the inguinal ligament 
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and in front of or through the sartorius into the thigh, where it divides into an 
anterior and a posterior branch (fig. 982). 

Fig. 982. — The cutaneous nerves of Fig. 983. — diagram showing the segmental 

the right lower limb. Anterior distribution of the cutaneous nerves of the 

surface. right lower limb. Anterior surface. 



The cinteTior hTCbTLch becomes superficial about 10 cm. below the anterior 
superior iliac spine, and is distributed to the skin of the anterior and lateral 
parts of the thigh, as far as the knee. Its terminal filaments frequently com- 
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municate with the cutaneous branches of the anterior division of the femoral 
nerve and with the infrapatellar branch of the saphenous nerve, forming with 
them the patellar plexzts. 

The posterior branch pierces the fascia lata at a higher level than the anterior 
branch, and subdivides into filaments which pass backwards to supply the 
skin on the lateral surface of the limb, from the level of the greater trochanter 
to about the middle of the thigh. 

The obturator nerve arises from the ventral branches of the anterior primary 
rami of the second, third, and fourth lumbar nerves (fig. 981) ; the branch from 
the third is the largest, while that from the second is often very small. It 
descends through the fibres of the psoas major, and emerges from its medial 
border at the brim of the pelvis, where it passes behind the common iliac 
vessels, and on the lateral side of the internal iliac vessels. It then rims down- 
wards and forwards along the lateral wall of the true pelvis, above and in front 
of the obturator vessels, to gain the upper part of the obturator foramen, through 
which it enters the thigh. At the foramen it divides into an anterior and a 
posterior branch, which are separated at first by a few fibres of the obturator 
extemus, and lower down by the adductor brevis. 

The anterior branch (fig. 984) leaves the pelvis in front of the obturator 
externus and descends in. front of the adductor brevis, and behind the pectineus 
and adductor longus ; at the lower border of the latter muscle it communicates 
with the medial cutaneous and saphenous branches of the femoral nerve, form- 
ing a kind of plexus (subsartorial plexus). It then descends upon the femoral 
artery*, to which it is finally distributed. Near the obturator foramen this 
branch gives an articular twig to the hip-joint. Behind the pectineus, it 
distributes branches to the adductor longus and gracilis, and usually to the 
adductor brevis, and in rare cases to the pectineus ; it receives a filament 
from the accessory obturator nerve when that nerve is present. 

Occasionally the communicating branch to the medial cutaneous and saphenous branches 
of the femoral nerve is continued down, as a cutaneous branch, to the thigh and leg. When 
this is so, it emerges from behind the lower border of the adductor longus, descends along 
the posterior margin of the sartorius to the medial side of the knee, where it pierces the 
deep fascia, communicates with the saphenous nerve, and is distributed to the skin half- 
way down the medial side of the leg. 

The posterior branch pierces the anterior part of the obturator externus, and 
supphes this muscle ; it then passes behind the adductor brevis on the front of 
the adductor magnus, and divides into branches which are distributed to the 
adductor magnus, and to the adductor brevis when this muscle does not receive 
a branch from the anterior division of the nerve. It frequently gives a slender 
articular branch to the knee-joint ; this branch perforates the lower part of the 
adductor magnus or passes through the opening which transmits the femoral 
artery, and enters the popliteal fossa ; it here descends upon the popliteal artery, 
to the back of the knee-joint, where it pierces the oblique posterior ligament 
of the knee, and is distributed to the articular capsule. It gives filaments to 
the popliteal artery. 

The accessory obturator nerve (fig. 981) is present in about 29 per cent, of 
subjects. It is of small size, and arises from the ventral branches of the 
anterior primary rami of the third and fourth lumbar nerves. It descends along 
the medial border of the psoas major, crosses the superior ramus of the pubis 
behind the pectineus, and divides into branches. One branch enters the deep 
surface of the pectineus ; another goes to the hip- joint ; while a third com- 
municates with the anterior branch of the obturator nerve. Occasionally the 
accessory obturator nerve is very small and supplies only the pectineus. 

The femoral nerve (fig. 984), the largest branch of the lumbar plexus, arises 
from the dorsal branches of the anterior primary rami of the second, third and 
fourth lumbar nerves (fig. 981). It descends through the fibres of the psoas 
major, emerging from the muscle at the lower part of its lateral border, and 
passes down between it and the iliacus, deep to the ihac fascia ; it then passes 
behind the inguinal hgament to enter the thigh, and sphts into an anterior 
and a posterior division. Behind the inguinal ligament it is separated from 
the femoral artery by a portion of the psoas major. 
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Within the abdomen the femoral nerve gives off small branches to the iliacus, 
the nerve to the pectineus, and a branch which is distributed upon the upper 

part of the femoral artery ; 

Fig. 984 . — ^The nerves of the right lower limb. the latter branch may arise 

Anterior surface. in the thigh. The 7terv& to 

the 'pectineus arises from the 
medial side of the femoral 
nerve near the inguinal liga- 
ment, passes behind the 
femoral sheath and enters 
the anterior surface of the 
muscle. 

The anterior division of 
the femoral nerve gives off 
the intermediate and medial 
cutaneous nerves of the thigh 
(fig. 982), and muscular 
branches to the sartorius. ' 

The intermediate cutane- 
ous nerve of the thigh pierces 
the fascia lata about 8 cm. 
below the inguinal ligament, 
either as two branches, or as 
a single trunk which quickly 
divides into two branches ; 
these branches descend ver- 
ticaDy along the front of the^ 
thigh, and supply the skin as 
low as the knee. They end 
in the patellar plexus (p. 
1115). The lateral branch 
of the intermediate cutane- 
ous communicates with the 
femoral branch of the genito- 
femoral nerve, and frequently 
pierces the sartorius. 

The medial cutaneous nerve 
of the thigh lies at first on the 
lateral side of the femoral 
artery, but at the apex of 
the femoral triangle it crosses 
in front of the artery and 
divides into an anterior and 
a posterior branch. Before 
dividing, the nerve gives off 
a few filaments which pierce 
the fascia lata to supply the 
skin of the medial side of the 
thigh, in the neighbourhood 
of the long saphenous vein ; 
one of these filaments emerges 
through the saphenous open- 
ing (fossa ovalis), and a second 
becomes subcutaneous about 
the middle of the thigh. 
The anterior branch runs 
downwards on the sartorius, 
perforates the fascia lata at 
the junction of the middle 
with the lower one-third of 
the thigh, and divides into 
two branches : one supplies 
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the skiD as low as the medial side of the knee ; the other crosses to the lateral 
side of the patella, communicating in its course with the infrapatellar branch 
of the saphenous nerve. The posterior branch descends along the posterior 
border of the sartorius to the knee, where it pierces the fascia lata, communi- 
cates with the saphenous nerve, and gives off several cutaneous branches. It 
then passes down to supply the skin of the medial side of the leg. Beneath the 
fascia lata, at the lower border of the adductor longus, it joins to form a 
plexiform network {suhsariorial plexus) with branches of the saphenous and 
obturator nerves. When the communicating branch from the obturator nerve 
is large and continued to the skin of the leg, the posterior branch of the medial 
cutaneous is small, and terminates in the plexus, occasionally giving off a few 
cutaneous filaments. 

The nerve to the sartorius arises in common with the intermediate cutaneous 
nerve of the thigh. 

The posterior division of the femoral nerve gives off the saphenous nerve, 
and supplies muscular branches to the quadriceps femoris, and articular 
branches to the knee-joint. 

The saphenous nerve (fig. 984) is the largest cutaneous branch of the femoral 
nerve. It descends on the lateral side of the femoral artery and enters the 
subsartorial canal (adductor canal) (p. 786) where it crosses the artery obliquely 
from its lateral to its medial side. At the lower end of the canal it quits the 
artery, and emerges through the aponeurotic covering of the canal, accompanied 
by the saphenous branch of the descending genicular artery (arteria genu 
suprema). It descends vertically along the medial side of the knee behind the 
sartorius, pierces the fascia lata between the tendons of the sartorius and 
gracilis, and becomes subcutaneous. It then passes down the tibial side of 
the leg accompanied by the long saphenous vein, descends along the medial 
border of the tibia, and, at the lower third of the leg, divides into two branches : 
one continues its course along the margin of the tibia, and ends at the ankle ; 
the other passes in front of the ankle, and is distributed to the skin on the 
medial side of the foot as far as the ball of the great toe, communicating with 
the medial branch of the musculocutaneous nerve (superficial peroneal nerve). 

About the middle of the thigh, the saphenous nerve gives a branch to join 
the subsartorial plexus. 

After leaving the adductor canal it gives off an infrapatellar branch (fig. 982), 
which pierces the sartorius and fascia lata, and is distributed to the skin in 
front of the patella. Above the knee this nerve unites with the medial and 
intermediate cutaneous nerves of the thigh ; below the knee, with other 
branches of the saphenous nerve ; and, on the lateral side of the joint, with 
branches of the lateral cutaneous nerve of the thigh, forming a plexiform net- 
work, termed the patellar plexus. The infrapatellar branch is occasionally small. 

The muscular branches of the posterior division of the femoral nerve supply 
the quadriceps femoris. The branch to the rectus femoris enters the upper 
part of the deep surface of the muscle, and supplies a filament to the hip-joint. 
The branch to the vastus lateralis, of large size, accompanies the descending 
branch of the lateral circumflex femoral artery to the lower part of the muscle, 
and sends an articular filament to the knee-joint. The branch to the vastus 
medialis descends through the upper part of the subsartorial canal, on the lateral 
side of the saphenous nerve and the femoral vessels. It enters the muscle about 
its middle, and gives off a filament, which can usually be traced downwards 
on the surface of the muscle, to the knee-joint. The branches to the vastus 
intermedius, two or three in number, enter the anterior surface of the muscle 
about the middle of the thigh ; a filament from one of these descends through 
the muscle to the articularis genu and the knee-joint. 

THE ANTERIOR PRIMARY RAMI OE THE SACRAL AND 
COCCYGEAL NERVES 

The anterior primary rami of the sacral and coccygeal nerves form the sacral 
and coccygeal plexuses. Those of the upper four sacral nerves enter the pelvis 
through the anterior sacral foramina, that of the fifth between the sacrum 
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and coccyx^ wMle that of the coccygeal nerve curves forwards below the rud- 
imentary transverse process of the first piece of the coccyx. The first and second 
sacral nerves are large ; the third, fourth and fifth diminish progressively ; the 
coccygeal nerve is the smallest. Each of these nerves receives a grey ramus 
communicaus from the corresponding ganglion of the sympathetic trunk. 
Visceral efferent fibres arise from the second, third and fourth sacral nerves, but 
they do not join the neighbouring sympathetic ganglia ; they are named the 
pelvic splanchnic nerves, and consist of parasympathetic fibres which pass 
directly to minute ganglia on the walls of the pelvic viscera (p. 1152). 


The Sacral I^exus 

The sacral plexus (fig. 985) is formed by the lumbosacral trunk, the anterior 
primary rami of the &st, second and third sacral nerves, and part of the 
anterior primary ramus of the fourth sacral nerve. 

The lumbosacral trunk comprises a part of the anterior primary ramus of 
the fourth lumbar nerve, and the whole of the anterior primary ramus of the 
fifth lumbar nerve ; it appears at the medial margin of the psoas major and 
descends over the pelvic brim and in front of the sacro-iliao joint to join the 
first sacral nerve. 

The anterior primary ramus of the fourth sacral nferve divides into an upper 
and a lower branch ; the upper branch enters the sacral plexus ; the lower 
descends to assist in forming the coccygeal plexus. 

Relations.— The sacral plexus lies on the posterior wall of the pelvic cavity 
in front of the piriformis (fig. 986), and behind the internal iliac (hypogastric) 
vessels, the ureter and the pelvic colon, on the left side, and the terminal coils 
of the ileum, on the right side. The superior gluteal vessels run between the 
lumbosacral trunk and the first sacral nerve, or between the first and second 
sacral nerves, and the inferior gluteal vessels between the anterior primary 
rami of the first and second, or second and third, sacral nerves. 

The nerves forming the sacral plexus converge towards the lower part of 
the greater sciatic foramen, and unite to form a flattened band, from the 
anterior and posterior surfaces of which several branches arise ; the band itself 
is continued as the sciatic nerve. 

The nerves entering the plexus split mto ventral and dorsal divisions ; the 
nerves arisiug from these divisions are as follows : 


Ventral divisions. Dorsal divisions. 


Nerve to quadratus femoris \ a kt iq 
and gemeUus inferior / ’ i o. 

Nerve to obturator internus! pj y i 

and gemellus superior / ^ 

Nerve to piriformis 

. (1) 2 S. 


Superior gluteal 

4, 5 L., 

1 S. 

Inferior gluteal 

. 5 L., 1, 

2 S. 

Posterior femoral cutaneous 2, 3 S. 

. 1, 2 S. 


• 4, 5 L., 1, 2, 3 S. 

^Lateral pophteal ..... 

. 4, 6 L., 

1, 2 S. 

Perforating cutaneous . . . . ' . 

. 2, 3 S. 


Pudendal . . . . 2, 3, 4 S. 

Nerves to levator ani, ! 
coccygeus and sphincter 1 4 S. 
ani extemus J 

Pelvic splanchnics . . 2, 3, (4) 8. 



The nerve to the quadratus femoris and gemellus inferior arises from the 
ventral branches of the anterior primary rami of the fourth and fifth lumbar 
and first sacral nerves (fig. 985) ; it leaves the pelvis through the greater sciatic 
foramen below the piriformis, and, running down on the ischium deep to the 
sciatic nerve, the gemelli and the tendon of the obturator internus, supplies 
a twig to the gemellus inferior, and enters the anterior surface of the quadratus 
femoris ; it gives an articular branch to the hip-joint. 
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The nerve to the obturator intemus and gemellus superior arises from the 
ventral branches of the anterior primary rami of the fifth lumbar and first and 
second sacral nerves (fig. 985). It leaves the pelvis through the greater sciatic 
foramen below the piriformis, and gives a branch which enters the upper part 


Fig. 985. — A plan of the sacral and coccygeal plexuses. 
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of the posterior surface of the gemellus superior. It then crosses the ischial 
spine on the lateral side of the internal pudendal vessels, re-enters the pelvis 
through the lesser sciatic foramen, and pierces the pelvic surface of the obturator 
internus. 

The nerve to the piriformis arises usually from the dorsal branches of the 
anterior primary rami of the first and second sacral nerves ; it enters the ant- 
erior surface of the muscle. 
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The superior gluteal nerve arises from the dorsal branches of the anterior 
primary rami of the fourth and fifth lumbar and first sacral nerves (fig. 985) : it 
leaves the pelvis through the greater sciatic foramen above the piriformis, 
accompanied by the superior gluteal vessels, and divides into a superior and 
an inferior branch. The superior branch accompaniOs the upper branch of 
the deep division of the superior gluteal artery and ends in the gluteus minimus. 
The inferior branch runs with the lower branch of the deep division of the sup- 
erior gluteal artery across the gluteus minimus ; it gives twigs to the gluteus 
medius and gluteus minimus, and ends in the tensor fasciae latse. 


Fig. 986. — dissection of the side wall of the pelvis, showing the sacral and 
coccygeal plexuses. 



The inferior gluteal nerve arises from the dorsal branches of the anterior 
primary rami of the fifth lumbar and first and second sacral nerves : it leaves 
the pelvis through the greater sciatic foramen, below the piriformis, and divides 
into branches which enter the deep surface of the gluteus maximus. 

The posterior cutaneous nerve^of the thigh arises from the dorsal branches 
of the anterior primary rami of the first and second, and from the ventral 
branches of the anterior primary rami of the second^ and third, sacral nerves 
(fig. 985), and issues from the pelvis through the greater sciatic foramen below 
the piriformis. It then descends under cover of the gluteus maximus with the 
inferior gluteal artery, l;^g posterior or medial to the sciatic nerve. It runs 
down the back of the thigh superficial to the long head of the biceps femoris, 
and deep to the fascia lata ; at the back of the knee it pierces the deep fascia 
and accompanies the short saphenous vein as far as the middle of the calf of 
the leg, its terminal twigs communicating with the sural nerve. 

Its branches are aU cutaneous, and are distributed to the gluteal region, 
the perineum, and the back of the thigh and leg. 

The gluteal branches^ three or four in number, turn upwards round the lower 
border of the gluteus maximus, and supply the skin covering the lower and 
lateral part of that muscle. 
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Fig. 987. — ^The cutaaieous nerves of 
the right lower limb. Posterior 
surface. 



Fig. 988. — diagram showing the seg- 
mental distribution of the cutaneous 
nerves of the right lower limb. Post- 
erior surface. 




1122 


NEUROLOGY 


Fia. 989. — ^The nerves of the right lower 
limb.* Posterior aspect. 



The perineal branch distributes 
twigs to the skin at the upper and 
medial side of the thigh, and then 
curves forwards across the origin of 
the hamstrings, below the ischial 
tuberosity ; it pierces the fascia 
lata, and runs beneath the super- 
ficial fascia of the perineum to the 
skin of the scrotum in the male, and 
of the labium majus in the female, 
joining with the inferior hgemor- 
rhoidal and the scrotal branches of 
the perineal nerve. 

The branches to the back of the 
thigh and leg consist of numerous 
filaments derived from both sides 
of the nerve, and distributed to the 
skin covering the back and medial 
side of the thigh, the pophteal 
fossa and the upper part of the 
back of the leg (fig. 987). 

The sciatic nerve (figs. 985, 989) 
is the largest nerve in the body and 
at its commencement it measures 
2 cm. in breadth. It is the con- 
tinuation of the flattened band of 
the sacral plexus. It passes out. 
of the pelvis through the greater 
sciatic foramen, below the piri- 
formis muscle, descends between 
the greater trochanter of the femur 
and the tuberosity of the ischium, 
and along the back of the thigh to 
about its lower one-third, where 
it divides into two large branches, 
named the medial popliteal (tibial) 
and lateral popliteal (common per- 
oneal) nerves. This division may 
take place at any point between the 
sacral plexus and the lower one- 
third of the thigh, and in all cases 
the independence of the two nerves 
can be shown by dissection. When 
the division occurs at the plexus, 
the lateral popliteal nerve usually 
pierces the piriformis. The nerve 
also gives off articular and muscular 
branches. 

In the upper part of its course 
the nerve is placed under cover of 
the gluteus maximus, and rests first 
upon the posterior surface of the 
ischium, the nerve to the quadratus 
femoris intervening ; it then crosses 
the obturator intemus and gemelli, 
and passes on to the quadratus 
femoris, by which it is separated 
from the obturator extemus and 
the hip- joint ; it is accompanied 
on its medial side by the posterior 


* N.B. — In this diagram the gluteus maximus, the gluteus medius and the superficial 
muscles of the calf of the leg have been removed. 
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cutaneous nerve of the thigh and the inferior glut-eal artery. Lower down 
it lies upon the adductor magnus, and is crossed obliquely by the long head of 
the biceps femoris. 

The articular branches of the sciatic nerve arise from the upper part of the 
nerve, and supply the hip-joint by perforating the posterior part of its capsule ; 
they are sometimes derived from the sacral plexus . 

The 7mLSCular branches of the sciatic nerve are distributed to the biceps 
femoris, semitendinosus, semimembranosus and adductor magnus ; the branches 
to the semimembranosus and adductor magnus arise by a common tfunk. 
The nerve to the short head of the biceps femoris comes from the lateral pop- 
liteal (common peroneal) part, while the other muscular branches arise from 
the medial popliteal (tibial portion), of the sciatic nerve. 

The medi^ popliteal nerve (tibial nerve) (fig. 989), the larger, terminal 
branch of the sciatic nerve, arises from the ventral branches of the anterior 
primary rami of the fourth and fifth lumbar and first, second and third sacral 
nerves. It descends along the back of the thigh and through the middle of the 
popliteal fossa, to the lower part of the popliteus muscle, whence it passes with 
the popliteal artery deep to the arch of soleus, and is thereafter continued 
into the leg as the posterior tibial nerve. In the thigh it is overlapped by 
the hamstring muscles above, but it becomes more superficial in the popliteal 
fossa, where it lies lateral to, and some distance from, the popliteal vessels ; 
it is superficial to these vessels opposite the knee-joint and then crosses 
to the medial side of the popliteal artery. In the lower part of the popliteal 
fossa, the nerve is covered by the contiguous margins of the two heads of the 
gastrocnemius. 

The branches of this nerve are : articular, muscular and sural. 

Articular branches, usually three m number, supply the knee-joint ; one 
branch accompanies the superior, and another the inferior, medial genicular 
artery ; the tMrd branch runs with the middle genicular artery. 

The muscular branches arise from the nerve as it lies between the two heads 
of the gastrocnemius muscle ; they supply that muscle, as well as the plantaris, 
soleus and popliteus. The nerve to the soleus enters the superficial surface 
of the muscle. The branch for the popliteus descends, crossing the popliteal 
vessels obliquely, and turns round the lower border of the muscle to be distrib- 
uted to its deep surface ; it supplies small branches to the tibialis posterior, an 
articular twig to the upper tibiofibular joint, a medullary branch to the tibia, 
and an interosseous branch, which descends close to the fibula, and can be 
traced to the inferior tibiofibular joint. 

The sural nerve (medial sural cutaneous nerve) descends between the two 
heads of the gastrocnemius, and, piercing the deep fascia about the middle of 
the back of the leg, is joined by the sural communicating branch of the lateral 
popliteal nerve (fig. 987). It then passes downwards near the lateral margin of 
the tendo calcaneus, and close to the short saphenous vein, to the interval 
between the lateral malleolus and the calcaneum ; it supplies the skin of the 
lateral and posterior part of the lower one-third of the leg. It runs forwards 
below the lateral malleolus, and is continued along the lateral side of the foot 
and httle toe, communicating on the dorsum of the foot with the musculo- 
cutaneous (superficial peroneal) nerve. In the leg, its branches communicate 
with those of the posterior cutaneous nerve of the thigh. 

The posterior tibial nerve begins at the lower border of the popliteus, where 
it is directly continuous with the medial popliteal nerve ; it descends in com- 
pany with the posterior tibial vessels to the interval between the heel and the 
medial malleolus, where it ends under cover of the flexor retinaculum (laciniate 
ligament) by dividing into the medial and lateral plantar nerves. In the upper 
part of its course it is covered posteriorly by the superficial muscles of the calf, 
but in the lower third of the leg it is covered only by the skin and fasciae, 
although it is overlapped sometimes by the medial edge of the flexor hallucis 
longus muscle. Above, it lies on the medial side of the posterior tibial vessels, 
but it soon crosses behind them and descends to its point of bifurcation along 
their lateral side. In most of its course it lies on the tibialis posterior, but 
in the lower part of the leg it comes into relation with the posterior surface of 
the tibia. 
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The branches of this nerve are articular, muscular, medial calcanean and 
medial and lateral plantar. 

The articular branch arises from the posterior tibial nerve just above its 
terminal bifurcation, and supplies the ankle-joint. 

The muscular branches arise either independently or by a common trunk. 
They supply the soleus, on its deep surface, the tibialis posterior, the flexor 
digitorum longus and the flexor hallucis longus ; the branch to the last muscle 
accompanies the peroneal vessels. 

The medial calcanean branches perforate the flexor retinaculum (laciniate 
ligament), and supply the skin of the heel and medial side of the sole of the foot, 

F^q. 990. — ^The plantar nerves of the right foot. 



Fig. 991. — diagram showing 
the segmental distribution 
of the cutaneous nerves of 
the sole of the right foot. 



The medial plantar nerve (fig. 990), the larger of the two terminal divisions 
of the posterior tibial nerve, accompanies the medial plantar artery and lies 
on the latera;! side of the vessel. iVom its origin under cover of ibhe flexor 
retinaculum it passes deep to the abductor hallucis, and, appearing between 
this muscle and the flexor digitorum brevis, gives off a digital nerve to the 
medial side of the great toe and finally divides opposite the bases of the meta- 
tarsal bones into three plantar digital nerves. 

Branches. Cutaneous branches pierce the plantar aponeurosis between the 
abductor hallucis and the flexor digitorum brevis and are distributed to the skin 
of the sole of the foot. 

Muscular branches supply the abductor hallucis, the flexor digitorum brevis, 
the flexor hallucis brevis and the first lumbrical muscle ; those for the abductor 
hallucis and flexor digitorum brevis arise from the trunk of the nerve near 
enter the deep surfaces of the muscles ; the branch for the flexor 
hallucis brevis springs from the digital nerve to the medial side of the great 
toe, and that for the first lumbrical muscle from the first plantar digital nerve. 

Articular branches supply the articulations of the tarsus and metatarsus. 

The digital nerve of the great toe supplies the flexor hallucis brevis and the 
skm on the medial side of the great toe. 
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The three plantar digital nerves pass between the divisions of the plantar 
aponeurosis, and each splits into two branches. Those of the first plantar 
digital nerve supply the adjacent sides of the great and second toes ; those of 
the second, the adjacent sides of the second and third toes ; and those of the 
third, the adjacent sides of the third and fourth toes. The third plantar 
digital nerve receives a communicatiag branch from the lateral plantar nerve ; 
the first gives a twig to the first lumbrical muscle. Each digital branch gives 
off cutaneous and articular filaments and opposite the distal phalanx sends 
upwards a dorsal branch, which supplies the structures around the nail, the 
continuation of the nerve being distributed to the ball of the toe. It will he 
observed that the digital branches of the medial plantar nerve are similar in their 
distribution to those of the median nerve in the hand. The muscles supplied by 
the two nerves also correspond closely. In the hand, the median nerve supplies 
the abductor and the flexor poUicis brevis, the opponens poUicis and the first 
and second lumbricals. The opponens muscle is absent m the foot, but 
the abductor and short flexor of the great toe and the first lumbrical are all 
supplied by the medial plantar nerve. As the flexor digitorum brevis 
corresponds to the flexor digitorum sublimis (median nerve) of the upper 
limb, the only real difference consists in the innervation of the second lum- 
brical muscle. 

The lateral plantar nerve (fig. 992) supphes the skin of the fifth toe and 
lateral half of the fourth, as well as most of the deep muscles, its distribution 
being similar to that of the ulnar nerve in the hand. It passes forwards obliquely 
in company with the lateral plantar artery, which lies on the lateral side of the 
nerve, and reaches the lateral side of the foot near the tubercle of the fifth 
metatarsal bone. It passes between the flexor digitorum brevis and the flexor 
digitorum accessorius (quadratus plantss), and ends in the interval between the 
former muscle and the abductor digit! minimi by dividing into a superficial 
and a deep branch. Before its division, it supplies the flexor digitorum access- 
orius and abductor digit! minimi. 

The superficial branch splits into two plantar digital nerves ; of these the 
lateral supplies the lateral side of the little toe, the flexor digit! mininod brevis, 
and the two interosseous muscles of the foufth intermetatarsal space ; the 
medial communicates with the third plantar digital branch of the medial plantar 
nerve and divides into two branches which supply the adjoining sides of the 
fourth and fifth toes. 

The deep branch accompanies the lateral plantar artery on the deep surface 
of the tendons of the flexor muscles and the adductor hallucis, and supplies 
the second, third and fourth lumbricals, the adductor hallucis and aU the 
interosseous muscles (except those of the fourth intermetatarsal space). The 
nerves to the second and third lumbricals pass forwards deep to the transverse 
head of the adductor hallucis, and then pass downwards and backwards across 
its anterior (or distal) border to reach the muscles (fig. 992). 

The lateral popliteal nerve (common peroneal nerve) (fig. 989), about one- 
half the size of the medial popliteal, is derived from the dorsal branches of the 
anterior primary rami of the fourth and fifth lumbar and the first and second 
sacral nerves. It descends obliquely along the lateral side of the popliteal fossa 
to the head of the fibula, close to the medial margin of the biceps femoris 
muscle. It hes between the tendon of the biceps femoris and the lateral head 
of the gastrocnemius muscle, winds round the lateral surface of the neck of the 
fibula deep to the peroneus longus, and divides into the musculocutaneous 
(superficial peroneal) and anterior tibial (deep peroneal) nerves. Previous to 
its division it gives off articular -and cutaneous branches. 

The articular branches are three in number ; two of these accompany the 
superior and inferior lateral genicular arteries to the knee ; the upper one 
occasionally arises from the trunk of the sciatic nerve. The third, named the 
recurrent articular nerve, is given off at the point of division of the lateral 
pophteal nerve ; it ascends with the anterior recurrent tibial artery through 
the tibialis anterior to the front of the knee-joint. 

The cutaneous branches, two in number, frequently spring from a common 
trunk ; they are the lateral cutaneous nerve of the calf of the leg and the sural 
communicating branch. . 
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The lateTol cutaneous nerve of the calf of the leg supplies the skin on the anterior, 
posterior and lateral surfaces of the proximal part of the leg. The sural commun-- 
icating branch arises near the head of the fibula, runs obliquely across the lateral 
head of the gastrocnemius to the middle of the leg, and joins with the sural 
nerve (p. 1123). It occasionally descends as a separate branch as far as the heel. 

Fig. 992. — A dissection of the lateral and medial plantar nerves of the right foot. 
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Most of the flexor digitorum hrevis has been removed. 'The flexor digitorum longus 
has been partially divided and its distal end has been turned forwards together with the 
second, third and fourth lumbrical muscles. 


The anterior tibia! nerve (deep peroneal nerve) (fig. 984) begins at the bifurc- 
ation of the lateral popliteal nerve, between the fibula and proximal part of 
the peroneus longus, passes obliquely forwards deep to the extensor digitorum 
longus to the front of the interosseous membrane, where it comes into relation 
with the anterior tibial artery in the upper one-third of the leg ; it then descends 
with the artery to the front of the anJde-joint, where it divides into lateral and 
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medial terminal branches. It lies at first on the lateral side of the anterior 
tibial artery, then in front of it, and again on its lateral side at the ankle-joint. 

In the leg, the anterior tibial nerve supplies muscular branches to the tibialis 
anterior, extensor hallucis longus, extensor digitorum longus and peroneus 
tertius, and an articular branch to the ankle-joint. 

The lateral terminal branch of the anterior tibial nerve passes across the 
tarsus, deep to the extensor digitorum brevis, and having become enlarged, like 
the posterior interosseous nerve at the wrist, supplies the extensor digitorum 
brevis. From the enlargement three minute interosseous branches are given off 
which supply the tarsal joints, and the metatarsophalangeal joints of the second, 
third, and fourth toes. The first of these sends a filament to the second dorsal 
interosseous muscle. 

The medial terminal branch of the anterior tibial nerve runs forwards on 
the dorsum of the foot, and hes on the lateral side of the dorsalis pedis artery. 
At the first interosseous space it communicates with the medial branch of the 
musculocutaneous (superficial peroneal) nerve, and divides into two dorsal 
digital nerves, which supply the adjacent sides of the great and second toes. 
Before it divides it gives off an interosseous branch which supplies the meta- 
tarsophalangeal joint of the great toe and sends a filament to the first dorsal 
interosseous muscle. 

The musculocutaneous nerve (superficial peroneal nerve) (fig. 984) begins 
at the bifurcation of the lateral popliteal nerve and lies at first between the 
peroneus longus and the peroneus brevis. It then passes forwards between the 
peronei and the extensor digitorum longus, pierces the deep fascia at the lower 
one- third of the leg, and divides into a medial and a lateral branch. In its 
course between the muscles, it gives off muscular branches to the peroneus 
longus and peroneus brevis, and filaments to the skin of the lower part of the leg. 

The medial branch passes in front of the ankle-joint, and divides into two 
dorsal digital nerves, one of which supplies the medial side of the great toe, 
the other, the adjacent sides of the second and third toes. It communicates 
with the saphenous nerve and with the anterior tibial nerve (fig. 982). 

The lateral branch, the smaller, passes along the lateral part of the dorsum of the 
foot, and divides into dorsal digital branches, which supply the contiguous sides 
of the third and fourth, and of the fourth and fifth toes. It also supplies the skin 
of the lateral side of the ankle, and communicates with the sural nerve (fig. 982). 

The branches of the musculocutaneous nerve supply the skin of the dorsal 
surfaces of all the toes excepting the lateral side of the little toe and the 
adjoining sides of the great and second toes, the former being supplied by the 
sural nerve, and the latter by the medial terminal branch of the anterior tibial 
nerve. Frequently some of the lateral branches of the musculocutaneous are 
absent, and their places are then taken by branches of the sural nerve. 

The perforating cutaneous nerve usually arises from the posterior aspects 
of the second and third sacral nerves. It pierces the lower part of the sacro- 
tuberous ligament, and, winding round the inferior, border of the gluteus 
maximus, supplies the skin covering the medial and lower parts of that muscle. 

The perforating cutaneous nerve may arise from the pudendal nerve or it may be absent ; 
in the latter case its place may be taken by a branch from the posterior cutaneous nerve 
of the thigh or by a branch from the third and fourth, or fourth and fifth, sacral nerves. 

The pudendal nerve derives its fibres from the second, third and fourth 
sacral nerves (fig. 985). Passing between the piriformis and the coccygeus, 
it leaves the pelvis through the lower part of the greater sciatie foramen 
and enters the buttock, where it crosses the spine of the ischium on the 
medial side of the pudendal artery. It accompanies this artery through the 
lesser sciatic foramen into the pudendal canal (p. 573) on the lateral waU of 
the ischiorectal fossa ; in the posterior part of this canal it gives off the inferior 
haemorrhoidal, and then divides into the perineal nerve, and the dorsal nerve 
of the penis or clitoris. 

The inferior hcemorrhoidal nerve occasionally arises directly from the sacral 
plexus ; it pierces the medial waU of the pudendal canal, crosses the ischio- 
rectal fossa with the inferior rectal vessels, and is distributed to the sphincter 
ani extemus and to the skin round the anus. Branches of this nerve commun- 
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icate with the perineal branch of the posterior cutaneous nerve of the thigh 
and with the scrotal nerve. 

The perineal nerve, the inferior and larger terminal branch of the pudendal 
nerve, runs forwards below the internal pudendal artery. It accompanies the 
perineal artery and divides into scrotal (or labial) and muscular branches. 

The scrotal branches are two, a medial and a lateral. They pierce, or pass 
superficial to, the perineal membrane (inferior fascia of the urogenital diaphragm), 
and run forwards along the lateral part of the urethral triangle in company 
with the scrotal branches of the perineal artery ; they are distributed to the 
skin of the scrotum, and communicate with the perineal branch of the posterior 
cutaneous nerve of the thigh. In the female the corresponding nerves (labial 
branches) supply the labium majus. 

The muscular branches are distributed to the transversus perinei super- 
ficialis, bulbocavernosus, ischiocavernosus, transversus perinei profundus and 
sphincter urethrse. A branch, termed the nerve to the urethral bulb, is given ofi 
from the nerve to the bulbocavernosus ; it pierces this muscle, and supplies 
the corpus spongiosum penis (corpus cavemosum urethrae), ending in the mucous 
membrane of the urethra. 

The dorsal nerve of the penis runs forwards above the internal pudendal 
artery along the ramus of the ischium, and accompanies the artery along the 
margin of the inferior ramus of the pubis, on the deep surface of the perineal 
membrane. It pierces the membrane, and gives a branch to the corpus cavem- 
osum penis. It then passes forwards, in company with the dorsal artery of 
the penis, between the layers of the suspensory hgament, to the dorsum of the 
penis, and ends in the glans penis. In the female the corresponding nerve 
(dorsal nerve of the clitoris) is very small, and supplies the clitoris. 

The visceral branches arise from the second, third and fourth sacral nerves, 
and are distributed to the pelvic viscera. They are termed the pelvic splanchnic 
nerves (p. 1138). 

The muscular branches are derived from the fourth sacral, and supply the 
levator ani, coccygeus and sphincter ani externus. The branches to the levator 
ani and coccygeus enter their pelvic surfaces ; that to the sphincter ani externus 
(perineal branch of fourth sacral nerve) reaches the ischiorectal fossa by piercing 
the coccygeus or by passing between it and the levator ani. Cutaneous filaments 
from this branch supply the skin between the anus and the coccyx. 

The coccygeal plexus. — The coccygeal plexus is formed by a small descending 
branch from the anterior primary ramus of the fourth sacral nerve, and the 
anterior primary rami of the fifth sacral and coccygeal nerves. The anterior 
primary ramus of the fifth sacral nerve emerges from the sacral hiatus and turns 
forward round the lateral margin of the sacrum below the cornu. It pierces 
the coccygeus muscle to gam its pelvic surface and is then joined by a descend- 
ing filament from the fourth sacral nerve. The small trunk so formed descends 
on the pelvic surface of the coccygeus and unites with the minute anterior 
primary ramus of the coccygeal nerve, which descends from the sacral hiatus, 
turns round the lateral margin of the coccyx and pierces the coccygeus to gain 
the pelvis. This small trunk constitutes the coccygeal plexus. The anococcygeal 
nerves arise from this plexus, and consist of a few fine filaments which pierce 
the sacrotuberous ligament and supply the skin in the region of the coccyx. 

The Morphology op the Spinal Nerves and the liTMTt Plexuses 

A typical spinal nerve divides shortly after its origin into a posterior and an 
anterior primary ramus. The posterior primary ramus passes dorsally and 
penetrates the dorsal muscle mass. It divides into medial and lateral branches, 
one of which terminates, as a rule, in the skin of the dorsal aspect of the trunk. 

The anterior primary ramus proceeds laterally and forwards into the body 
wall. In the first part of its course it estabfishes connexions with the sympath- 
etic system and then, as it courses forwards in the substance of the somatopleure, 
it, gives off a lateral branch which passes towards the surface and divides into 
anterior and posterior branches. The nerve is then continued onwards and 
terminates not far from the median plane by distributing its anterior terminal 
branches to the skin of the body wall. 
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THE MORPHOLOGY OF THE SPINAL NERVES 

The spiiial nerves which conform to the primitive arrangement in their 
behaviour are the nerves of those segments which have retained to a large extent 
their metameric characters, viz. T. 2-L. 1. In the cervical and lumbosacral 
regions the primitive metameric arrangement has disappeared to a large extent 
and the conditions have been profoundly altered by the development of the 
limbs. With the disappearance of metamerism the derivatives of adjoining 
myotomes fuse with one another, and the muscles so formed retain in whole or 
in part their primitive segmental innervation. The musculature of the limbs 
develops in situ in the mesodermal core of the hmb bud, but phylogeneticaUy 
it may be regarded as a derivative of the myotomes of the segments which are 
concerned in the formation of the limb. The fusion of derivatives from adjoin- 
ing myotomes is indicated in the composite origin of the nerves to most of the 
limb muscles. 

The typical spinal nerves are distributed according to a very definite plan. 
The posterior primary ramus passes backwards and downwards lateral to the 
articular processes and divides into a medial and a lateral branch which pene- 
trate the deep muscles of the back. Both branches innervate the muscles 
amongst which they lie, and either the one or the other becomes superficial 
and supplies a band of skin extending from the posterior median line to the 
scapular line. 

The anterior primary ramus is connected to the corresponding ganglion on 
the sympathetic trunk by both a white and a grey ramus communicans. After 
innervating the subvertebral muscles, it passes round the body waU supplying 
branches to the lateral muscles of the trunk, and in the neighbourhood of the 
midaxillary line gives ofi a lateral branch which pierces the overlying muscles 
and divides into an anterior and a posterior division for the supply of the skin. 
The main trunk is continued forwards in the body wall and, after supplying 
the ventral muscles, distributes its terminal branches to the skin. 

The behaviour of the anterior primary rami of the spinal nerves of the 
segments which have lost their obvious metamerism is greatly modified, and 
the initial modification is seen in the manner in which adjoining nerves unite 
to form the cervical, brachial, lumbosacral and coccygeal plexuses. 

The cervical plexus , — ^The cutaneous branches of this plexus are homologous 
with the anterior terminal and the lateral branches of the typical spinal nerves. 
The anterior cutaneous nerve of the neck and the medial supraclavicular nerves 
represent the anterior terminal branches ; the lesser occipital and the lateral 
supraclavicular represent the lateral branches, while the great auricular 
and the intermediate supraclavicular probably represent elements of both 
branches. 

The brachial plexus . — ^In the formation of the brachial and lumbosacral 
plexuses the division of the constituent nerves of the plexus into anterior or 
ventral and posterior or dorsal branches is characteristic. This arrangement 
is obvious in the brachial plexus, where- the posterior branches of the three 
constituent trunks unite to form the posterior cord, and it conforms to the 
differentiation of the primitive musculature of the limb into a ventral or flexor 
and a dorsal or extensor group. 

It has been urged that the dorsal branches correspond to the lateral branches 
of the typical spinal nerves, and that the ventral branches represent the anterior 
portions of these nerves and their anterior terminal branches. On the other 
hand, the position of the developing limb-bud on the ventrilateral aspect of 
the trunk and the behaviour of the first and second thoracic nerves provide 
considerable support for the view that the constituent nerves of the great 
limb-plexuses represent only the lateral branches of the typical spinal nerves. 
The second thoracic nerve sends its lateral cutaneous branch into the upper 
limb as the mtercostobrachial nerve, and the size of this nerve varies inversely 
with the size of the direct contribution which the second thoracic nerve makes 
to the brachial plexus. Otherwise the second thoracic behaves like a typical 
spinal nerve. The first thoracic nerve sends a large contribution to the brachial 
plexus, and this is clearly homologous with the lateral branch. The remainder 
of the nerve, despite its small size, behaves in a typical manner, although its 
fine anterior cutaneous branch is often awanting, and, when present, only 
supplies a limited area of skin. 

G.A. 
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The lumbosacral plexus.— The division of the constituent nerves of the 
lumbar and sacral plexuses into anterior or ventral and posterior or dorsal 
divisions is not so obvious as the corresponding division in the brachial plexus, 
but it can be demonstrated anatomically that the obturator and the medial 
popliteal (tibial) nerves arise from ventral and the femoral and lateral popliteal 
(peroneal) nerves from dorsal divisions. The lateral branches of the twelfth 
thoracic and first lumbar nerves are drawn down over the iliac crest to assist 
in the innervation of the skin of the buttock, but otherwise these nerves behave 
as typical spinal nerves. The second lumbar nerve behaves in a manner which 
renders its interpretation difficult, since it not only gives a substantial con- 
tribution to the lumbar plexus but also possesses both an anterior terminal 
branch, the genital branch of the genitofemoral nerve, and a lateral cutaneous 
offset, represented by the lateral cutaneous nerve of the thigh and the femoral 
branch of the genitofemoral nerve. The anterior terminal portions of the 
third, fourth and fifth lumbar and the fibcst sacral nerves are suppressed, but 
the corresponding portions of the second and third sacral nerves supply the 
skin, etc., of the perineum. 

The Disteibxjtion oe the Spinal Nerves to the Skin of the 
Trunk and Limbs 

The cutaneous branches of the typical spinal nerves supply consecutive 
bands of skin which slope downwards as they are traced round the body from 
the dorsal to the ventral median line. The upper part of each band receives 
additional innervation from the nerve of the zone above and its lower part 
from the nerve of the zone below. Modifications of this arrangement are found 
in the areas supplied by the cervical, brachial and lumbosacral plexuses. 

The first cervical nerve gives off no cutaneous branches. The second 
cervical nerve usually distributes its cutaneous offsets to the skin of the head, 
from the vertex backwards to the neighbourhood of the superior nuchal line, the 
cranial surface and the posterior part of the lateral surface of the auricle, the 
skin over the angle of the mandible and below the chin (fig. 949). The third 
cervical nerve supplies a very oblique band of skin, commencing behind over 
the back of the scalp and the upper part of the back of the neck and passing 
forwards and downwards across the side of the neck. The area increases in 
extent as it is traced forwards, and in the ventral median line extends from the 
hyoid bone down to the level of first rib. The fourth cervical nerve supplies 
the upper half or more of the back of the neck, and the area widens as it is 
traced downwards and forwards round the side of the neck to the anterior 
aspect of the trunk. It supplies the skin over the clavicle and first intercostal 
space, as well as over the acromion and the upper part of the deltoid muscle. 

Each of these three areas is overlapped by the succeeding area, but the 
amount of overlapping is slight and is greater where the posterior primary rami 
are involved. 

The cutaneous distribution of the nerves of the brachial plexus becomes 
intelligible only when reference is made to an early stage in the development of 
the upper limb. In a human embryo of the fourth week the upper limb is 
represented by a small, somewhat flattened elevation on the ventrilateral aspect 
of the trunk opposite to the lower four cervical and the first thoracic segments. 
The ectoderm covering it is directly continuous with the ectoderm of the 
trunk and draws its nerve supply from the nerves of the corresponding segments. 
The limb-bud possesses ventral and dorsal surfaces and preaxial, or cephalic, 
and postaxial, or caudal, borders. The fifth cervical nerve supplies a strip on 
each surface immediately adjoining the preaxial border, and the first thoracic 
nerve has a corresponding distribution along the postaxial border. The 
intervening nerves supply corresponding, parallel strips of skin on both the 
ventral and dorsal surfaces (fig. 132). As the hmb elongates the central nerves 
of the plexus become buried in its proximal part and reach the skin only in its 
distal part, and the nerves of the adjoining segments (0. 4 and T. 2) become 
drawn in to supply the skin at the root of the limb (fig. 975). The preaxial 
border becomes the lateral aspect and the postaxial border the medial aspect 
of the limb (p. 101). The highest nerves of the brachial plexus therefore supply 
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the skin over the lateral aspect of arm and forearm, and the lowest nerves the 
skin over their medial aspects. Owing to the fact that the central nerves of 
the plexus are buried in the proximal part of the limb, immediately adjoining 
areas of skin are innervated by the nerves of widely separated segments (fig. 973), 
and it is to be remembered that the areas supplied by such nerves do not overlap 
one another. 

On the anterior surface of the upper limb the lateral aspect is supplied by 
the fifth and sixth cervical nerves and the medial aspect by the eighth cervical 
and the first and second thoracic nerves. The seventh cervical nerve does not 
reach the skin until it gains the hand. In the proximal part of the limb the 
sixth and eighth cervical nerves are also buried, and on the front of the trunk 
adjoining the limb none of the nerves of the plexus, with the occasional except- 
ion of the first thoracic, reach the skin. 

The ventral axial line is drawn from the median plane lateraUy across the 
trunk and the front of the shoulder and is continued down the front of the limb 
to the wrist. It passes between the areas supplied by spinal nerves which are 
separated by one or more segments. 

The dorsal axial line occupies a corresponding position on the dorsal aspect 
of the limb. It does not, however, continue beyond the elbow, for branches of 
the seventh cervical nerve, contained in the posterior cutaneous nerve of the 
forearm, reach the skin over the proximal part of the forearm. 

The sMri of the trunk is supplied by the spinal nerves T. 2 to L. 1, inclusive, 
and by the sacral nerves, with the exception of the first, and by the coccygeal 
nerve. These nerves supply consecutive curved bands of skin, of which the 
upper are almost horizontal while the lower are disposed very obliquely. The 
upper half of each band receives additional supply from the nerve above and 
the lower half from the nerve below, so that no appreciable loss of sensibility 
follows the section of any typical spinal nerve. It is convenient to remember 
that the band which includes the subcostal angle is supplied by the seventh 
thoracic nerve and that the umbilicus lies in the upper part of the band supplied 
by the tenth thoracic nerve. 

The areas supplied by the posterior primary rami of these nerves are limited 
laterally by the dorsilateral line, which commences above on the back of the 
head and runs downwards and lateraUy to the medial end of the acromion. It 
is then continued downwards to the posterior aspect of the greater trochanter 
of the femur where it curves medially to the coccyx. The cutaneous strips 
supplied by the posterior primary rami do not correspond exactly to the strips 
supplied by the anterior primary rami, for they differ both in their breadth and 
in their position. 

On the upper part of the anterior aspect of the thorax the third and fourth 
cervical areas adjoin the first and second thoracic areas (fig. 978), owing to 
the fact that the intervening nerves have been drawn off to supply the upper 
limb, and a similar but less extensive gap is found on the posterior aspect of 
the trunk. 

A corresponding arrangement is found in the lower part of the trunk, but 
it is not so obvious owing to the approximation of the lower limbs to one 
another. The first lumbar area adjoins the second sacral area at the root of 
the penis and scrotum, for the intervening nerves have been drawn off to 
supply the lower limb. 

The shin of the lower limb is innervated by the nerves of the segments from 
which it is derived, viz. L. 2-S. 2. The arrangement originally is precisely 
similar to the arrangement in the upper limb, but its identification in the adult 
has been rendered difficult on account of the torsion of the lower hmb in the 
early stages of its development (p. 101). As a result the pre- and post-axial 
borders cannot be recognised so easily as in the upper limb, and the ventral 
and dorsal axial fines curve round the limb as they descend. 

The preaxial border commences above on the middle of the front of the 
thigh and runs down to the knee. It then curves medially as it descends to 
the medial malleolus to gain the medial side of the foot and the hallux. The 
postaxial border commences above in the gluteal region and descends to the 
popliteal fossa. It then inclines laterally as it descends to the lateral malleolus 
to gain the lateral side of the foot. The ventral and dorsal axial lines necessarily 
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exhibit a corresponding obliquity. The ventral axial line commences above at 
the medial end of the inguinal ligament and runs down the medial side of the 
thigh to the knee. It then winds round the medial side of the calf and term- 
inates on the back of the leg at the point where the fifth lumbar nerve reaches 
the skin (fig. 988). The dorsal axial line commences in the lateral part of the 
gluteal region and descends on the posterolateral aspect of the tlfigh to the 
knee. It then curves round the lateral side of the leg and terminates on the 
anterior aspect, where the fibres of the fifth lumbar nerve reach the skin. 

The Distribution of the Spinal Nerves to the Muscles of 

THE Body 

Each spinal nerve originally supplies the musculature derived from the 
myotome of the same segment. In cases where the derivatives of any one 
myotome persist as separate entities, they retain their original nerve-supply, 
but when derivatives of adjoining myotomes fuse, the resultant muscle does not 
necessarily retain its supply from each of the corresponding nerves, although it 
may and frequently does retain them all. Since the limb muscles develop in situ 
in the mesodermal core of the developing limb, it is impossible to identify the 
individual segments from which any muscle is derived by the study of its mode 
of development. The union of the individual spinal nerves and their branches 
in the brachial and lumbosacral plexuses renders impossible the identification 
by anatomical methods of the root value of the individual motor nerves. 
Recourse, therefore, must be had to clinical observations and experimental 
work on monkeys. The results obtained by these methods are not entirely 
satisfactory, and although there is substantial agreement with regard to certain 
muscles, there is considerable divergence of opiaion with regard to many others, 
as may be seen from the accompanying table, in which italics are used to denote 
the muscles concerning which there is lack of agreement. 

Applied Anatomy , — The lumbar plexus passes through the psoas major, and therefore 
in psoas abscess any or all of its branches may be irritated, causing severe pain in the part 
to which the irritated nerves are distributed. The genitofemoral nerve is the one which 
is most frequently implicated. This nerve is also of importance as it is concerned in one 
of the principal superficial refiexes employed in the investigation of diseases of the spinal 
cord. If the skin over the medial side of the thigh just below the inguinal ligament (the 
part supplied by the femoral branch of the genitofemoral nerve) be tickled in the male 
child, the testis will be retracted, through the action of the cremaster muscle, which is 
supplied by the genital branch of the genitofemoral nerve. The same result may sometimes 
be noticed in adults, and can almost always be produced by severe stimulation. This 
reflex shows that the portion of the spinal cord from which the first and second lumbar 
nerves are derived is in a normal condition. 

The femoral nerve is in danger of being injured in fractures of the true pelvis, since 
the fracture most commonly takes place through the superior ramus of the pubis, at or 
near the point where this nerve crosses the bone. When this nerve is paralysed the patient 
is unable to flex his hip completely, on account of the paralysis of the iliacus ; or to extend 
the knee on the thigh, on account of paralysis of the quadriceps femoris ; there is complete 
paralysis of the sartorius, and usually of the pectineus. There is loss of sensation down 
the front and medial side of the thigh, except in that part supplied by the genitofemoral 
and ilio-inguinal nerves. There is also loss of sensation down the medial side of the leg 
and foot as far as the ball of the great toe. 

The obturator nerve is rarely paralysed alone, but occasionally in association with 
the femoral. The principal interest attached to it is in connexion with its supply to the 
knee, pain in the knee being symptomatic of many diseases in which the trunk of this 
nerve, or one of its branches, is irritated. Thus it is well known that in the earlier stages 
of hip- joint disease the patient may not always complain of pain in that articulation, but 
on the medial side of the knee, or in the knee-joint itself, both of these articulations being 
supplied by the obturator nerve, the final distribution of the nerve being to the knee-joint. 
Again, the same thing may occur in sacro-iliac disease ; or in cases of pathological growth 
of the ovary or tubal inflammation ; or in cancer of the pelvic colon ; and even in cases 
where masses of hardened faeces are impacted in this portion of the gut, pain is complained 
of in the knee. Finally, pain in the knee forms an important diagnostic sign in obturator 
hernia. When the obturator nerve is paralysed the patient is unable to press his knees 
together or to cross one leg over the other on account of paralysis of the adductor muscles. 
Lateral rotation of the thigh is impaired from paralysis of the obturator extemus. Some- 
times there is loss of sensation in the upper half of the medial side of the leg. 
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TABLE OP THE MUSCLES SUPPLIED BY THE INDIVIDUAL 

SPINAL NERVES 


N.B. — The root value of the innervation of muscles printed in heavy type may be regarded 
as reliable. The root value of the innervation of muscles printed in italics is very doubtfiil. 


NEEVE 

ANTERIOR PRIMARY RAMUS 

POSTERIOR PRIMARY RAMUS 

C. 1 

Rectus lateralis, rectus anterior, longus capitis, 
geniohyoid, infrahyoid muscles. 

Rectus capitis posterior major, 
rectus capitis posterior minor, 
obliquus superior, obliquus inf- 
erior, semispinalis capitis. 

C.2 

Longus capitis, longus cervicis, scalenus medius, 
stemomastoid, traj^ezius, geniohyoid, infra- 
hyoid muscles. 

Obliquus inferior, semispinalis 
capitis, splenius, longissimus 
capitis. 

C. 3 

Longus capitis, longus cervicis, scalenus aTiterior, 
scalenus medius, infrahyoid muscles, levator 
scapulae, trapezius, sternomastoid, diaphragm. 

Semispinalis capitis, splenius and 
deep muscles of back of neck. 

0.4 

Longus capitis, longus cervicis, scalenus anterior, 
scalenus medius, levator scapulae, trapezius, 
diaphragm. " 

Semispinalis capitis, splenius and 
deep muscles of back of neck. 

0.5 

Longus cervicis, scalenes, levator scapvlce, rhomb- 
oids, serratus anterior, subclavius, supraspinatus^. 
infraspinatus, teres minor, subscapularis, delir-' 

Deep muscles of back of neck. 


oid, pectoralis major, biceps, brachialis, brachio- 
radialis, supinator, diaphragm. 


0. 6 

Longus cervicis, scalenus anterior, scalenus medius, 
scalenus posterior, serratus anterior, latissimus 
dorsi, infraspinatus, teres minor, mbscapularis, 
teres major, ddtoid, pectoralis n^jor, biceps, 
brachialis, pronator teres, flexor carpi radiahs, 
braohioradialis, supinator, extensor carpi radi- 
alis longus et brevis, pronator “quadratus, 
flexor poUicis longus, abductor, bpponens and 
flexor brevis pollicis. 

Deep 'fhiisoles Of hack of neck. 

C. 7 

Longus cervicis, scalenus medius, posterior, 

serratus anterior, pectoralis major, pectoralis 
minor, latissimus dorsi, teres major, coraco- 
brachialis, triceps, anconeus, flexor digitoinim 
sublimis, flexor digitorum profundus, .flexor 
pollicis longus, pronator quiadratus, radial 
extensors of wrist, extensors of digits, extensor 
carpi ulnaris, abductor, opponens and. flexor brevis 
pollicis. 

Deep muscles of back of neck. 

r"', i 

C. 8 

1 

Longus cervicis, scalenus medius, sedLenusposterior, 
pectoralis major, pectoralis' minor, latissimus 
dorsi, triceps, anconeus, flexors of digits, 
pahnaris longus, flexor carpi ulnaris, adductor 
pollicis, interossei, lumbricales, abductor, 
opponens and flexor digit! minimi. 

Deep muscles of back. 

T. 1 I 

Pectoralis major, pectoralis minor, floxors of digits, 
flexor carpi ulnaris, pabmaris lortgiid, small 
muscles of hand,* 1st intercostals, serratus 
posterior superior, 1st levator costae. 


T. 2 

2nd intercostals, 2nd levator costse, serratus 
posterior superior^ stemocostalis. 

1 

T. 3 

3rd intercostals, 3rd levator costae, serratus 
posterior superior, stemocostalis. . 

'it ■ If 

T. 4 

4th intercostals, 4th levator costae, serratus 
posterior superior, stemocostalis. 

11 r> 

T. 5 

5th intercostals, 6th levator costae, stemocostalis. 

11 11 

T. 6 

6th intercostals, 6th levator costae, reotus abdom- 
inis, external oblique. 

It 11 

T. 7 

7th intercostals, 7th levator costae, . subcostal, 
external oblique, internal oblique, trausversus 
abdominis, rectus abdominis. 

11 11 

T. 8 

8tb intercostals, 8th levator costae, subcostal, 
external oblique, internal oblique, trausversus 
abdominis, rectus abdommis. 

19 *1 

. T. 9 

9th intercostals, 9th levator costae, subcostal, 
external oblique, mtemal oblique, trausversus 
abdomiois, rectus abdominis, serratus posterior 
inferior. 

91 If 


* Climcal observations show that section of T. 1 is always associated with complete 
paralysis of the small muscles of the hand. 
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TABLE OF THE MUSCLES SUPPLIED BY THE INDIVIDUAL SPINAL 
NERVES — Continued 


NERVE 

ANTERIOR PRIMARY RAMUS 

POSTERIOR 

PRIMARY RAMUS 

T. 10 

10th intercostals, 10th levator costse, subcostal, 
external oblique, internal oblique, transversiis 
abdominis, rectus abdominis, serratus posterior 
inferior. 

Deep muscles of back. 

T. 11 

11th intercostals, 11th levator costae, subcostal, 
external obhque, internal oblique, transversus 
abdominis, rectus abdominis, serratus posterior 
inferior. 


99 

T. 12 

12th levator costae, quadratus lumborum, external 
oblique, internal oblique, transversus abdom- 
inis, rectus abdominis, p37ramidalis. 

Quadratus lumborum,. internal oblique, trans- 
versus abdominis, cremaster. 


99 

L. 1 

9* 

99 

L.2 

Quadratus lumborum, cremaster, psoas major, 
iliacus, pectineus, sartorius, adductor longus, 
adductor brevis, gracilis, vastus medialis. 

99 

99 

L.3 

Psoas major, obturator extemus, adductors, 
gracilis, iliacus, pectineus, sartorius, quadriceps 
(all heads). 

99 

99 

L.4 

Psoas major, obturator externus, adductor brevis, 
adductor magnus, gracilis, rectus femoris, vastus 
lateralis, vastus intermedins, vastus medialis, 
gluteus medius, gluteus minimus, tensor fasei?e 
latge, quadratus femoris, gemellus inferior, 
obturator intemus, semimembranosus, semitend- 
inosus, plantaris,popliteus, tibialis anterior, ex- 
tensor haUucis longus, extensor digitorum longus 
et brevis, peroneus tertius, peroneus longus, 
peroneus brevis. 

99 

99 

L.5 

AMuctor magnus, gluteus maximus, medius and 
minimus, tensor fasciae latae, quadratus femoris, 
obturator intemus, gemeUi, seniimembranosus, 
semitendinosus, biceps (short head)/ all muscles 
of leg (except gastrocnemius), extensor digit- 
orum brevis, abductor halliicis, flexor hallucis 
brevis, flexor digitorum brevis, 1st and 2nd 
lumbricals. 

99 

99 

S. 1 

Gluteus maximus, medius and minimus, tensor 
fasciae latae, piriformis, obturator intemus, 
quadratus femoris, gemelli, semimemhranosus, 
semitendinosus, biceps, all muscles of leg and 
foot. 

99 

9t 

8.2 

Gluteus maximus, piriformis, obturator intemus, 
gemellus superior, semitendinosus, biceps (long 
head), gastrocnemius, soleus, flexor hallucis 
longus, flexor digitorum brevis, abductor digiti 
minimi, flexor brevis digiti minimi, adducUyr 
hallucis, interossei, lumbricals 3 and 4. 


99 

8.3 

Biceps (long head), ischiocavemosus, bulbo- 
cavemosus, transversus perinei. 

99 

99 

8.4 

Ischiocavemosus, bulbocavernosus, transversus 
perinei, levator ani, coccygeus, sphincter ani 
extemus. 

99 

99 

8.6 

Levator ani, coccygeus, sphincter ani extemus. 

99 

99 


The sciatic nerve is liable to be pressed upon by various forms of pelvic tumour, giving 
rise to pain along its trunk, to ■which, the term sciatica is applied. Tumours growing 
from the pelvic viscera, and, sometimes, accximulation of fasces in the rectum, may cause 
pressure on the nerve inside the pelvis, and give rise to sciatica. Most cases of sciatica, 
however, are due to neuritis of the sciatic nerve. The inflamed nerve, or any of its branches, 
is often sensitive to pressure, particularly in certain ‘ tender spots ’ (e.g. near the posterior 
iliac spine, at the sciatic notch, about the middle of the back of the thigh, in the popliteal 
fossa, below the head of the fibula, behind the malleoH, or on the dorsum of the foot), 
and pain is felt whenever extension of the leg is attempted and the nerve is stretched. 
Paralysis of the sciatic nerve is rarely complete ; when the lesion occurs high up there is 
palsy of the biceps femoris, semimembranosus and semitendinosus, and of all the muscles 
below the knee. If the lesion be lower down, there is loss of motion in all the muscles below 
the knee, and loss of sensation in the same situation, except the upper half of the back of 
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the leg, which is supplied hy the posterior femoral cutaneous, and in the area supplied 
by the saphenous nerve (p. 1117). Lesions of the lateral popliteal nerve cause paralysis 
of the tibialis anterior, the peronei, the long extensors of the toes and the short extensor 
on the dorsum of the foot. ‘ Foot-drop ’ follows, dorsal flexion of the toes and eversion 
of the foot being impossible. Later on, talipes of the equinovarus type results, due to the 
contracture of the xmopposed posterior crural group of muscles. 

Frequently the sciatic nerve has been exposed and stretched, or has been acupunctured, 
for the relief of sciatica. It can easily be marked out on the surface of the thigh (p. 1470). 

The position of the lateral popliteal nerve, close behind the tendon of the biceps femoris, 
on the lateral side of the popliteal fossa, is of considerable practical importance. Owing 
to the proximity of the nerve the tenotomy of the biceps tendon should be performed by 
open operation. Where this nerve winds round the neck of the fibula, it is also liable to 
be severed accidentally. Section of the nerve results in complete ‘ foot-drop,’ from paralysis 
of the anterior tibia! group of muscles, and inversion of the foot, from the unopposed action 
of the tibialis posterior, the peronei being paralysed, together with anaesthesia of the parts 
supplied by the nerve, and the limb frequently becomes blue and cold, and may develop 
‘ trophic ’ sores. 


THE AUTONOMIC NERVOUS SYSTEM 

The autonomic nervous system comprises the splanchnic or visceral com- 
ponents of the nervous system (p. 882), and its fibres are distributed to the 
various viscera, glands and blood-vessels and to unstriped muscle in general. 
We have already seen that the development of a limiting sulcus in the lateral 
wall of the neural tube is a constant feature throughout the vertebrate series, 
and that as a result a motor area or basal lamina can be differentiated from a 
sensory area or alar lamina. Further, the nuclei which arise in the dorsal (or 
lateral) part of the basal lamina constitute the general visceral efferent column, 
while those which arise in the adjoining part of the alar lamina constitute the 
visceral afferent column (fig. 840). Certain of the constituents of the autonomic 
system are so intimately connected anatomically with the somatic system that 
they have already been dealt with, but it is necessary to repeat, in part, the 
descriptions already given to enable the student to obtain a comprehensive 
survey of the autonomic system as a whole. 

The efferent fibres of the autonomic system take origin in nuclei of cell- 
groups in the mid-braha, hind-brain and spinal cord, and they emerge from 
the central nervous system as meduUated fibres. They do not, however, pass 
direct to their distribution. Instead they are interrupted in a peripheral 
ganglion, and are there relayed to their destination by unmeduUated or finely 
medullated fibres. Two neurones, therefore, are interposed between the central 
nervous system and the visceral effectors. 

No such distinguishing feature marks the afferent autonomic fibres. So 
far as is known all afferent autonomic fibres are the peripheral branches of nerve- 
cells placed in the ganglia of the cranial or spinal nerves. 

The autonomic nervous system can be subdivided into two more or less 
complementary parts, viz. : the j^arasympaihetic and the sympathetic systems, 
partly on anatomical, partly on physiological and partly on pharmacological 
grounds. Anatomically it can be demonstrated that most of the viscera of the 
body receive their nerve-supply from two sources, one source being the para- 
sympathetic system and the other the sympathetic system. Physiologically it 
can be shown for most of these viscera that the infiuences of these two systems 
are antagonistic to one another.* Pharmacologically, it has been found that 
certain poisons which paralyse the sympathetic nerve endings do not affect 
the parasympathetic nerves, and vice versa. In addition, the sympathetic 
system comprises two gangliated trunks, together with their communications 
and their branches of distribution and subsidiary gangha, so that it constitutes 
a definite anatomical entity, whereas the parasympathetic system utilises 
certain of the cranial and certain of the sacral spinal nerves as its pathways 
and does not lend itself readily for anatomical demonstration. 

* For a discussiorL of the chemical changes involved, see Sir H. H. Dale’s Croonian 
Lecture : “ Some chemical factors in the control of the circulation,” Lancet, 1929. 
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li’iGi. 993. — A diagram of the efferent side of the autonomic nervous system. (After 
Meyer and Gottlieb. ) The parasympathetic fibres are represented by blue, and 
the sympathetic fibres, by red lines ; the interrupted red lines indicate post- 
ganglionic fibres to the cranial and spinal nerves.' 
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THE PARASYMPATHETIC SYSTEM 

The parasympathetic system has a limited origin from the cranial and sacral 
ends of the central nervous system, but has a very wide field of distribution. 
It is characteristic of the fibres of this system that they are all relayed in ganglia 
which are situated peripherally, many of them being small collections of nerve- 
cells lying in the walls of the viscera themselves and quite invisible to the un- 
aided eye. The parasympathetic fibres are found in (1) the oculomotor, (2) the 
facial, (3) the glossopharyngeal, (4) the vagus and accessory nerves, and also 
(5) in the second and third (and fourth) sacral nerves. 

(1) The oculomotor parasympathetic fibres take origin in the mid- brain, 
and it is believed that they are derived from the Edinger-Westphal nucleus 
(p. 947). The preganglionic fibres travel in the nerve and leave by the branch 
which it supplies to the inferior oblique muscle to enter the ciliary ganglion. 
There they are relayed, and the postganglionic fibres leave the ganglion in the 
short ciliary nerves, which pierce the sclerotic and run fowards in the peri- 
choroidal space, to be distributed to the ciliary muscle (p, 1170) and the 
sphincter pupillae (p. 1171). 

(2) The facial nerve contains efferent parasympathetic fibres which arise in 
the superior salivary nucleus (p. 1059). They travel in the facial nerve, leaving 
it a little above the stylomastoid foramen in the chorda tympani, which traverses 
the tympanic cavity and ultimately reaches the lingual nerve. In this way they 
are conveyed to the submandibular region, where they enter the submandibular 
(submaxillary) ganglion, in which the secretomotor fibres for the submandibular 
salivary gland are relayed [see also p. 1272). The secretomotor fibres for the 
sublingual gland are continued forwards in the lingual nerve after they have 
been relayed in the submandibular ganglion (see also p, 1272). Electrical 
stimulation of the chorda tympani produces dilatation qf the vessels of both 
these salivary glands in addition to a secretomotor effect. In addition, the 
facial nerve probably contains efferent parasympathetic fibres which are secreto- 
motor to the lacrimal gland. They travel by the nerve of the pterygoid canal 
and are relayed in the sphenopalatine ganghon. 

(3) The glossopharyngeal contains efferent parasympathetic fibres, which 
are secretomotor to the parotid gland. They arise in the inferior salivary 
nucleus (p. 1068) and travel in the glossopharyngeal nerve and its tympanic 
bfaiich (p. 1069). After traversing the tympanic plexus, they enter the lesser 
superficial petrosal nerve and so reach the otic ganglion. There they are relayed 
and travel by communicating branches to the auriculotemporal nerve, by which 
they are conveyed to the parotid gland. Electrical stimulation of the lesser super- 
ficial petrosal nerve produces a vasodilator as well as a secretomotor effect. 

The glossopharyngeal nerve also contains afferent fibres; which convey 
general visceral sensibility from the wall of the pharynx, and probably end in 
the dorsal nucleus of the vagus. The parent cells are situated in the inferior 
ganglion of the glossopharyngeal nerve. It is doubtful whether these fibres 
should be included under the parasympathetic system. 

(4) The vagus and the cranial part of the accessory nerve contain a very 
large proportion of parasympathetic fibres. The efferent fibres arise in the 
dorsal nucleus of the vagus (p. 1069) and travel in the vagus nerve and in its 
pulmonary, cardiac, oesophageal, gastric, intestinal, etc., branches. They are 
all relayed in minute ganglia wMch lie in the walls of the individual viscera. 
The cardiac nerves are the depressor nerves of the heart. They take part in 
the formation of the cardiac plexuses (p. 1149) and are then relayed in ganglia 
which are distributed freely over the surfaces of both atria in the subepicardial 
tissue. Their terminal fibres are distributed to the atria and the atrioventricular 
bundle, and it is only through the latter structure that the vagus can exert any 
control over the ventricular muscle.* According to Woollard,t the smaller 
branches of the coronary arteries are mainly innervated by the vagus, whereas 
their larger branches, though possessing a double innervation, obtain their chief 

* CuUis, W., and Tribe, B.y Journal of Physiology^ vol. xlvi. 1913, 
t H. H. Woollard, Journal of Anatomy, vol. lx. 
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source of supply from the sympathetic system. The pulmonary branches are 
motor to the muscles of the bronchi, which are circularly disposed and are 
therefore bronchoconstrictors. The gastric branches are secretomotor to the 
glands and motor to the muscular coats of the stomach, but they inhibit the 
action of the pyloric sphincter. The intestinal branches have a corresponding 
action on the small intestine, being secretomotor to the glands and motor to the 
muscular coats of the gut, but inhibitory to the ileocolic sphincter. They are dis- 
tributed through the myenteric (Auerbach’s) plexus and the plexus of the submu- 
cosa (Meissner’s plexus), which are described with the structure of the intestines. 

Afferent fibres of the vagus convey general visceral sensibility from the 
alimentary canal and also, possibly, from the heart, lungs, etc. The parent 
cells are situated in the inferior ganglion (ganglion nodosum) (p. 1070) and the 
central branches of their axons terminate in the dorsal nucleus of the vagus. 
It is doubtful whether these fibres should be included under the parasympathetic 
system. 

(5) The anterior primary rami of the second, third and (fourth) sacral nerves 
give off visceral branches which pass directly to the pelvic viscera. They 
constitute the pelvic splanchnic nerves, and they unite with branches of the 
sympathetic pelvic plexuses. Minute ganglia are situated at the points of 
union and in the walls of the individual viscera. In these ganglia the sacral 
parasympathetic fibres are relayed. 

The pelvic splanchnic nerves supply : (a) the rectum, with visceromotor 
fibres ; \b) the bladder, with visceromotor, and its sphincter with inhibitory 
fibres ; (c) the xiterus, with visceromotor fibres ; and {d) the erectile tissue of 
the penis or clitoris with vasodilator fibres. In addition, filaments from these 
nerves are said * to pass upwards through the hypogastric plexus and to be 
distributed to the colon along all the branches of the inferior mesenteric artery. 

Afferent fibres from the pelvic viscera traverse the pelvic splanchnic nerves. 
Their parent cells are situated in the ganglia on the posterior nerve-roots of the 
second, third and (fourth) sacral nerves. It is doubtful whether these fibres 
should be included under the paras 3 m[ipathetic system. 


THE SYMPATHETIC SYSTEM 

The sympathetic nervous system, which is the larger subdivision of the 
autonomic nervous system, includes the two gangliated sympathetic trilhks, 
their branches, plexuses and subsidiary ganglia. It has a much wider distri- 
bution than the parasympathetic system, for it innervates all the sweat glands 
of the skin, the erector muscles of the®hairs and the muscular walls of all the 
blood-vessels, in addition to the heart, lungs and other viscera. The fibres 
which it distributes are all derived from the central nervous system, but 
little is known concerning their central connexions and pathways. There is 
good ground for believing that in cats a higher sympathetic centre, which can 
influence heart-rate and control carbohydrate metabolism, exists in the lower 
part of the lateral wall of the third ventricle,']' The fibres which arise in this 
part of the hypothalamus descend through the bjain-stem, where they lie in 
the dorsal part of the formatio reticularis, and can be traced into the spinal 
cord. The efferent fibres from the central nervous system arise from the lateral 
column of the grey substance of the spinal cord and emerge in the anterior 
nerve-roots of the thoracic and upper lumbar nerves. The limitation of this 
outflow from the spinal cord to a specific region is remarkable and has not been 
satisfactorily explained. 

The ganglia on the sympathetic trunks are the first part of the system to 
develop, and they are derived from the primitive spinal ganglia, which ori- 
ginate from the neural crest (p. 108). Originally, therefore, the ganglia oii the 
sympathetic trunk correspond numerically to the ganglia on the posterior 
nerve-roots of the spinal nerves, but fusion of adjoining ganglia is not un- 
common, and in man there are rarely more than twenty- two or twenty- three, 

* E. D. Telford and J. S. B. Stopford, British Medical Journal, March 31, 1934. 
t J- Beattie, G. R. Brow and C. N. H. Long, Phil Trarta. B, vol. cvi. 1930. 
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and there may be fewer discrete ganglia. The subsidiary ganglia of the sym- 
pathetic system are derivatives of the ganglia of the trunks. 

The efferent fibres from the spinal cord to the sympathetic system are 
always interrupted in a sympathetic ganglion. It follows that the efferent 
fibres distributed by the sympathetic system are in every case the axons of 
nerve-cells situated within a sympathetic ganglion. These fibres can con- 
veniently be differentiated as preganglionic and postganglionic fibres. 

Two varieties of communicating branches connect the ganglia on the sjm- 
pathetic trunk with the spinal nerves. These are termed grey and white rami 
communicantes. At least one grey ramus communicans connects each spinal 
nerve to the corresponding sympathetic ganglion. It conveys postganglionic 
fibres from the ganglion to the nerve for ^stribution to the blood-vessels, 
sweat glands and arrectores pilorum muscles in its area. 

Fig. 994. — A scheme to show the destination of the preganglionic fibres of a 
white ramus communicans. The preganglionic fibres are shown in red 
and the postganglionic fibres in black. An afferent sympathetic fibre is 
shown in blue. 



One white ramus communicans connects each of the thoracic and the first, 
second and, sometimes, the third lumbar nerves to the corresponding sym- 
pathetic ganglion. It conveys efferent preganglionic fibres from the nerve to 
the ganghon and, in addition, it transmits afferent visceral fibres from the 
ganglion to the nerve. 

The afferent fibres which travel in the sympathetic system are the peripheral 
branches of unipolar cells situated in the spinal ganglia. They therefore conform 
to the arrangement already described for the parasympathetic system. 

Structure of the sympathetic ganglia. — ^The constituent nerve-cells of the 
sympathetic ganglia are surrounded by a nucleated capsule, like the nerve-cells 
in the spinal ganglia, but unUke them they are usually multipolar. This is not 
surprising, for the sympathetic cells are stations on an efferent pathway and 
must be equipped to receive stimuli from more than one source. Examination 
of the NissFs bodies has shown that their size and arrangement is sudB&ciently 
constant to justify the view that, despite differences in the behaviour and 
arrangement of their dendrites and axons, aU these cells belong to one type. 

The dendrites may pierce the capsule and ramify in the intercellular areas, 
but in many cases they break up within the capsule. These intracapsular 
plexuses may be situated on one side of the cell, constituting a glomerulus, and 
two or three neighbouring cells may participate in the formation of a glomerulus. 
The terminals of the preganglionic fibres break up into fine plexuses which 
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establish synaptic relations with the extracapsnlar dendrites, or they may form 
a network which may be either pericapsular or pericellular in position. 

The axons of the sympathetic cells are usually fine, unmedullated fibres, 
but they do occasionally possess a thin sheath of myelin. They are destined 
either to pass directly to their distribution in one of the medial branches of the 
sympathetic trunk or to pass by a grey ramus communicans to join a spinal 
nerve, through which they are distributed. They may, however, ascend to a 
higher or descend to a lower level in the sympathetic trunk before leaving it. 
There is no evidence of the existence of any interganglionic association fibres. 

The axons of the cells in the subsidiary ganglia pass directly to their 
distribution. 

Structure of the sympathetic nerves, — ^The pregaTtglionic fibres are all derived 
from the cells in the lateral column of the grey matter of the spinal cord. 
They are usually small in size and are meduUated. The postganglionic fibres 


Fio. 995. — ^Diagrams of the central connexions of the somatic fibres (A) and 
sympathetic fibres (B) of a typical spinal nerve. Afferent fibres, hlvs : con- 
nector neurones, black : efferent fibres, red. 



are the axons of sympathetic ganglion cells. They are small in size, and, 
although usually unmedullated, they may be provided with a fine, meduUated 
sheath. The afferent fibres are the peripheral branches of the axons of unipolar 
cells in the spinal ganglia. They vary in size, and they may or may not possess 
meduUated sheaths. 

Mode of distribution. — ^The efferent fibres from the cells in the lateral column 
of the grey matter of the spinal cord join the anterior nerve-roots and pass 
into the anterior primary rami of the spinal nerves, T. 1 to L. 2 or 3. They 
leave the nerves, almost at once, and are conveyed by white rami communic- 
antes to the corresponding ganglia on the sympathetic trunks. 

The preganglionic fibres may behave in a number of different ways there- 
after, {a) They may end in the ganglion by arborising with the dendrites of 
a gaUgUon cell ; (6) they may pass through the gangUon and ascend to a gangUon 
at a higher level or descend to one at a lower level before terminating ; (c) they 
may . pass through the gangUon without being interrupted, emerge in one of 
its medial branches and enter a subsidiary ganglion, where they are relayed. 

The postgangUonic fibres may be arranged in two groups : (a) those arising 
from the gangUa on the sympathetic trunks, and (6) those arising from subsidiary 
gangUa. 

(a) Postganglionic fibres arising from a gangUon on the sympathetic trunk 
may reach their distribution in a variety of ways. (1) They may pass back to 
the corresponding spinal nerve along its grey ramus communicans. Such fibres 
are distributed by both rami of the spinal nerve to the blood-vessels, sweat- * 
glands, hairs, etc., in its zone of supply. (2) They may pass in a medial branch 
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Fig. 996, — The right sympathetic trunk and its connexions with the thoracic, 
abdominal and pelvic plexuses. (After Schwalbe.) 
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of the ganglion to be distributed to some particular viscus or viscera. (3) They 
may ascend to a higher level or descend to a lower level before leaving the 
sympathetic trunk either in one of its medial branches or in a grey ramus 
communicans. Postganglionic fibres never travel in a white ramus communicans, 
(b) Postganglionic fibres arising from a subsidiary sympathetic ganglion 
pass direct to their distribution in one of the branches of the ganglion, although 
they may have to traverse a plexus en route. 

The afferent fibres are the peripheral branches of unipolar cells in the ganglia 
on the posterior nerve-roots of the spinal nerves, T. 1 to L. 2 or 3. Very little 
is known about the end organs with which they are associated. The fibres travel 
through the sympathetic ganglia without being interrupted and traverse the 
white rami communicantes to gain the spinal nerve. 

The sympathetic trunks are two gangliated nerve cords which extend from 
the base of the skull to the coccyx. In the neck the trunk is placed behind the 
carotid sheath and in front of the transverse processes of the cervical vertebrae ; 
in the thorax it is placed on the heads of the ribs ; in the abdomen on the 
anterolateral aspect of the bodies of the lumbar vertebrae ; and in the pelvis, 
on the front of the sacrum, medial to the anterior sacral foramina. In front 
of the coccyx the two trunks meet each other in a terminal ganglion, termed 
the ganglion impar. 

In the neck the ganglia are reduced to three in number by the fusion of 
adjoining ganglia, and from the upper end of the superior ganglion the internal 
carotid nerve takes origin. This nerve constitutes an upward continuation of 
the sympathetic trunk, and it accompanies the internal carotid artery through 
the carotid canal into the skull. In the thorax there are usually eleven ganglia, 
but the number may be decreased to ten or increased to twelve. There are 
usually four ganglia in the lumbar region, and four or five in the sacral region. 

Functional significance. — Our knowledge of the functional significance of the 
sympathetic system is very incomplete, and most of the available information 
concerns the efferent rather than the afferent components. 

The fibres which pass to the spinal nerves by the grey rami communicantes 
supply vasoconstrictor fibres to the blood-vessels, secretomotor fibres to the 
sweat glands and motor fibres to the arrectores pilorum muscles in the area 
supplied by the corresponding spinal nerve. In addition, as Boeke has demon- 
strated, they are distributed to certain of the fibres in voluntary muscles. 
Hunter and Royle have endeavoured to prove that these sympathetic fibres are 
concerned with muscle tonus and are responsible for the spasticity of an upper 
neurone paralysis. The evidence, however, is inconclusive, but their exper- 
iments have drawn attention to the fact that, when the sympathetic innervation 
of voluntary muscle is cut off, the onset of fatigue is abnormally rapid. 

The innervation of the individual viscera and of the structures in the head 
and neck will be dealt with in a subsequent section. 


The Cephauc Paet of the Sympathetic System 

The cephalic part of the sympathetic system on each side begins as the 
internal carotid nerve, which is continued upwards from the superior cervical 
ganglion of the sympathetic trunk. This nerve is soft in texture, and of a 
reddish colour, and contains postganglionic fibres derived from the cells of the 
superior cervical ganglion. It ascends by the side of the internal carotid artery, 
and, entering the carotid canal in the temporal bone, divides into two branches, 
one of which lies on the lateral and the other on the medial side of the artery. 

The lateral branch, the larger of the two, gives filaments to the internal 
carotid artery, and forms the lateral part of the internal carotid plexus. 

The medial branch also supplies filaments to the internal carotid artery, 
and, continuing onwards, forms the medial part of the internal carotid plexus 
(cavernous plexus). 

The internal carotid plexus surrounds the internal carotid artery, and 
occasionally presents a small gangliform swelling on the under side of the 
vessel, sometimes termed the carotid ganglion. The lateral part of the plexus 
communicates with the trigeminal (semilunar) and sphenopalatine ganglia, and 
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with the abducent nerve and the tympanic branch of the glossopharyngeal 
nerve ; it distributes filaments to the wall of the carotid artery. 

The branches communicating with the abducent nerve consist of one or 
two filaments which join that nerve as it lies upon the lateral side of the internal 
carotid artery. The communication with the sphenopalatine ganglion is effected 
by a branch named the deef petrosal ; this branch perforates the cartilage filling 
the foramen lacerum, and joins the greater superficial petrosal nerve to form the 
nerve of the pterygoid canal, which passes through the pterygoid canal to the 
sphenopalatine ganglion. The communication with the tympanic branch of the 
glossopharyngeal nerve is effected by the superior and inferior caroticotympanic 
nerves^ which traverse the posterior wall of the carotid canal. 

The medial part of the internal carotid plexus (cavernous plexus), is situated 
below and on the medial side of that part of the internal carotid artery which 
is placed by the side of the sella turcica, in the cavernous sinus. It gives 
branches to the internal carotid artery, and communicates with the oculomotor, 
trochlear, ophthalmic and abducent nerves, and with the ciliary ganglion. 

The branch to the oculomotor nerve joins that nerve at its point of division ; 
the branch to the trochlear nerve joins the latter as it lies in the lateral wall 
of the cavernous sinus ; filaments are connected with the medial side of the 
ophthalmic nerve ; and one joins the abducent nerve. The filament to the 
ciliary ganglion arises from the anterior part of the plexus and enters the orbit 
through the superior orbital fissure ; it may join the ganglion directly ; it may 
unite with the communicating branch fi:om the nasocihary nerve to the ganglion 
(p. 1045) ; or, it may travel via the ophthalmic nerve and its nasociliary branch. 
Its fibres pass through the ciliary ganghon without being interrupted and run in 
the short ciliary nerves to be distributed to the dilatator pupillas muscle. The 
preganglionic fibres concerned leave the spinal cord in T. 1, and pass to the first 
thoracic sympathetic ganglion. They then ascend in the cervical part of the 
S3nnpathetic trunk to reach the superior cervical ganglion, where they are relayed. 

The terminal filaments from the internal carotid plexus are prolonged as 
plexuses around the anterior and middle cerebral arteries and the ophthalmic 
artery : along the anterior and middle cerebral arteries they may be traced to the 
pia mater ; along the ophthalmic artery they pass into the orbit where they accom- 
pany each of the branches of that vessel . The filaments prolonged on the anterior 
communicating artery connect the sympathetic nerves of the right and left sides. 

The Cebvical Paet of the Sympathetic System 

The cervical part of each sympathetic trunk consists of three ganglia 
distinguished, according to their positions, as the superior, middle, and inferior, 
and connected by intervening cords (fig. 996). This part sends grey rami 
communicantes to all the cervical spinal nerves,* but receives no white rami 
communicantes from them ; its spinal fibres are derived from the white rami 
communicantes of the upper thoracic nerves, and enter the corresponding 
thoracic ganglia of the sympathetic trunk, through which they ascend into the 
neck. In their course the grey rami communicantes may pierce the longus 
capitis or the scalenus anterior muscle. 

The superior cervical ganglion, the largest of the three, is placed opposite 
the second and third cervical vertebrae. It is of a reddish-grey colour and 
usually fusiform in shape, sometimes broad and flattened, and occasionally 
constricted at intervals ; it is believed to be formed by the coalescence of four 
ganglia, corresponding with the upper four cervical nerves. It is in relation, 
in front, with the sheath of the internal carotid artery ; behind, with the longus 
capitis muscle. The internal carotid nerve (p. 1142) ascends from the upper end 
of the ganglion into the cranial cavity ; the lower end of the ganglion is united 
by the connecting trunk with the middle cervical ganglion. 

Its branches may be divided into lateral, medial and anterior. 

The lateral branches of the superior cervical ganglion consist of grey rami 
communicantes to the upper four ceryjcal nerves and to certain of the cranial 
nerves. Sometimes the branch to the fourth cervical nerve comes from the 

* T. K. Potts (Journal of Anatomy, vol. lix. part ii.) has traced as many as three grey 
rami to each of the lower four cervical nerves. 
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trunk connecting the superior and middle cervical ganglia. Delicate filaments 
run to the inferior ganglion (ganglion nodosum) of the vagus, and to the hypo- 
glossal nerve ; and a branch, named the jugular nerve, ascends to the base of the 
skull, and divides into two twigs, one of which joins the inferior (petrous) ganglion 
of the glossopharyngeal, and the other the superior .(jugular) ganglion of the vagus. 

The medial branches of the superior cervical ganglion are the laryngo- 
pharyngeal and cardiac branches. 

Fig. 997. — The middle and inferior cervical ganglia of the right side. 
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B. The same. Viewed from in front. 

The laryngopharyiigeal branches give twigs to the carotid body, and pass to 
the side of the pharynx, where they join with branches from the glosso- 
piiajyngeal vagus nerves to form the ’pharyngeal plexm (p. 1069). 

The cardiac branch arises by two or more filaments from the superior cervical 
ganglion, and occasionally receives a twig from the trunk connecting the 
superior wi^ the middle cervical ganglion. It is said to contain only efferent 
fibres, which arise in the upper thoracic segments of the spinal cord. It runs 
down the neck behind the common carotid artery, and in front of the longus 
eervicis (longus colli) muscle ; and crosses in front of the inferior thyroid artery 
and recurrent laryngeal nerve. The course of the nerve of the right side then 
imrs from that of the left. The right nerve^ at the root of the neck, passes either 
in fro^t of or behind the subclavian artery, and along the innominate artery 
o the back of the arch of the aorta, where it joins the deep part of the cardiac 
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plexus. It is connected with other branches of the sympathetic ; about the 
middle of the neck it receives filaments from the external laryngeal nerve ; 
lower down, one or two cardiac branches from the vagus nerve join it ; and 
as it enters the thorax it is joined by a filament from the recurrent laryngeal 
nerve. Filaments from the nerve communicate with the thyroid branches 
from the middle cervical ganglion. The left nerve, in the thorax, runs in front 
of the left common carotid artery and across the left side of the arch of the aorta, 
to the superficial part of the cardiac plexus. Sometimes it descends on the 
right side of the aorta and ends in the deep part of the cardiac plexus. 

The anterior branches of the superior cervical ganglion ramify upon the 
common carotid artery, and upon the external carotid artery and its branches, 
forming around each a delicate plexus in which small gangha are occasionally 
found. The plexus surrounding the facial artery supplies a filament to the 
submandibular ganglion, and the plexus on the middle meningeal artery sends 
one offset to the otic ganglion, and another, termed the external petrosal nerve, 
to the gangHon of the facial nerve. 

The middle cervical ganglion (fig. 997), the smallest of the three cervical 
ganglia, is occasionally wanting. It is usually placed opposite the sixth cervical 
vertebra, in front of, or -close to, the inferior thyroid artery, or it may lie near 
to the inferior cervical ganghon {vide infra). It is probably formed by the coales- 
cence of two ganglia corresponding with the fifth and sixth cervical nerves. 

The ganglion sends grey rami communicantes to the fifth and sixth cervical 
nerves, and sometimes to the fourth and seventh, and gives off thyroid and 
cardiac branches. It is connected to the inferior cervical ganglion by two or 
more cords, one of which forms a loop around the subclavian artery, and supplies 
offsets to it. This loop is intimately related to the cervical pleura and is named 
the ansa suhclavia. 

The thyroid branches run along the inferior thju'oid artery to the thyroid 
gland ; they communicate with the superior cardiac, external laryngeal and 
recurrent laryngeal nerves. 

The cardiac branch, the largest of the S 3 unpathetic cardiac branches, arises 
from the middle cervical ganglion, or from the trunk connecting the middle with 
the inferior cervical ganglion. On the right side it descends behind the common 
carotid artery, and at the root of the neck runs either in front of or behind the 
subclavian artery ; it then descends on the trachea, receives a few filaments 
from the recurrent laryngeal nerve, and joins the right half of the deep part of 
the cardiac plexus. In the neck, it communicates with the superior cardiac 
and recurrent laryngeal nerves. On the left side, the nerve enters the thorax 
between the left carotid and subclavian arteries, and joins the left half of the 
deep part of the cardiac plexus. 

The inferior cervical ganglion (fig. 997) is situated between the base of the 
transverse process of the last cervical vertebra and the neck of the first rib, behind 
the origin of the vertebral artery. Its form is irregular ; it is larger than the 
middle cervical ganglion, and is frequently fused with the &st thoracic ganglion. 
It is probably formed by the coalescence of two ganglia corresponding with the 
seventh and eighth cervical nerves. In many cases, however, it may be fused 
with the first or even the first and second thoracic ganglia and is then termed 
the stellate ganglion — ^the usual condition in many animals. Not uncommonly 
it may be partly fused with the ganglia corresponding to the sixth, or fifth and 
sixth, cervical nerves. In the former case the middle cervical ganglion is small 
and in the latter case it may be absent entirely. This addition to the inferior 
cervical ganglion lies on an anterior plane to the ganglion proper* and is placed in 
front of the vertebral artery near its origin, the vessel being embraced by the con- 
nexions between the two. In this event the ansa subclavia takes origin from the 
additional part of the inferior cervical ganglion instead of from the middle cervical 
ganglion, but loops round the first part of the subclavian artery in the usual way. 

The ganglion sends grey rami communicantes to the seventh and eighth 
cervical nerves, gives off a cardiac branch, supplies branches to blood-vessels, 
and not infrequently sends a branch to join the vagus nerve. 

The cardiac branch arises from either the inferior cervical or the first thoracic 
ganglion. It descends behind the subclavian artery and along the front of 
* This is the ganglion intermidiaire of French anatomists. 
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the trachea, to join the deep part of the cardiac plexus. Behind the subclavian 
artery it communicates with the recurrent laryngeal nerve and the cardiac 
branch of the middle cervical ganglion. 

The offsets to blood-vessels form plexuses on the subclavian artery and its 
branches. The plexus on the vertebral artery forms a substantial cord which 
runs upwards behind the vessels and is continued on the basilar, posterior 
cerebral and cerebellar arteries. The plexus on the inferior thyroid artery 

Fig. 998. — The thoracic portion of the left sympathetic trunk. 

Superior intercostal a. 

Longus cervicis 


Thoracic 
Left subclavian a. 


Left innominate v. 
Left common carotid a.. 
Inrhommaie a.. 

Left vagus n.. 

Pericardium 
{cut edge) 

Left 

phrenic n. 

Pulmonary 
trunk 

Left awride 



fCft superior inter- 
costal 0 . 

•Sympathetic trunk 
Arch of aorta 


Left recurrent 
laryngeal n. 



Left bronchus 
Left 


Descending 
thoracic aorta 

Inferior 
hemiazygos v. 


Greater 
splanchnic n 


accompanies the artery to the thyroid gland, and communicates with the 
recurrent and external laryngeal nerves, with the cardiac branch of the superior 
cervical ganglion, and with the plexus on the common carotid artery. The 
axillary and the brachial arteries and their branches are not supplied by the 
subclavian plexus but by the branches of the brachial plexus, and especially 
by the median nerve. The fibres concerned arise in the inferior cervical ganglion 
and pass to the plexus along the grey rami communicantes. They travel for 
the most part in the lower trunk of the brachial plexus. 

The Thoracic Part of the Sympathetic System (fig. 998 ) 

The thoracic part of each sympathetic trunk comprises a series of ganglia, 
which usually correspond in number to that of the thoracic spinal nerves ; but, 
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on account of the occasional coalescence of two ganglia, their number is variable. 
The thoracic ganglia, with the exception of the last two or three, rest against 
the heads of the ribs, and are covered by the costal pleura ; the last two or 
three are placed on the sides of the bodies of the corresponding vertebrae. The 
ganglia are small, and of a greyish colour, and are connected together by the 
intervening portions of the trunk. The first is larger than the others, and of 
an elongated form ; it is frequently blended with the inferior cervical ganglion. 

Two rami communicantes, a white and a grey, connect each ganglion with 
its corresponding spinal nerve. 

The branchesfrom the upper five ganglia are very small ; they supply filaments 
to the thoracic aorta and its branches. On the aorta they form a delicate 
plexus {plexus aorticus thoracalis) together with filaments from the greater 
splanchnic nerve. Twigs from the second, third, and fourth ganglia enter the 
posterior pulmonary plexus ; others, jfrom the second, third, fourth and fifth 
ganglia, pass to the deep cardiac plexus.* 

The branches from the lower seven ganglia are large, and white in colour ; 
they distribute filaments to the aorta, and unite to form the greater, the lesser 
and the lowest splanchnic nerves. 

The greater splanchnic nerve is of a considerable size, and consists mainly of med- 
uUated, preganglionic fibres ; it is formed by branches from the fifth to the ninth 
or tenth thoracic ganglia, but the fibres in the higher branches may be traced 
upwards in the sympathetic trunk as far as the first or second thoracic ganglion. 
It descends obliquely on the bodies of the vertebrae, perforates the crus of the 
diaphragm, and ends in the coeliac ganglion. A ganglion [ganglion splanchnicum] 
exists on this nerve opposite the eleventh or twelfth thoracic vertebra. 

The lesser splanchnic nerve is formed by filaments from the ninth and tenth, 
sometimes the tenth and eleventh, thoracic ganglia, and from the trunk between 
the ganglia. It pierces the diaphragm with the preceding nerve, and joins the 
aorticorenal ganglion. 

The lowest splanchnic nerve arises from the last thoracic ganghon. It gains 
the abdomen with the sympathetic trunk, and ends in the renal plexus. 

The LimBAR Part oe the Sympathetic Systek (fig. 999) 

The lumbar part of each sympathetic trunk is situated in front of the 
vertebral column, along the medial margin of the psoas major. It consists 
usually of four lumbar ganglia, connected together by the intervening portions 
of the trunk. It is continuous above with the thoracic portion, deep to the 
medial arcuate ligament (medial lumbocostal arch) ; below with the pelvic 
portion, behind the common iliac artery. 

Grey rami communicantes pass from all the ganglia to the lumbar spinal 
nerves. Many of these fibres travel in the femoral nerve and its saphenous 
branch and in the obturator nerve and are distributed at intervals to the femoral 
artery and its branches. The first and second, and sometimes the third, lumbar 
nerves send white rami communicantes to the corresponding ganglia. The rami 
communicantes are of considerable length, and accompany the lumbar arteries 
round the sides of the bodies of the vertebrae, deep to the fibrous arches which 
give origin to some of the fibres of the psoas major. 

Of the branches of distribution, some pass in front of the aorta, and join 
the abdominal aortic plexus ; others run downwards and form plexuses around 
the common, the external and the internal iliac arteries ; while others cross in 
front of the common iliac arteries, and assist in forming the hypogastric plexus. 

The Pelvic Part of the Sympathetic System (fig. 996) 

The pelvic part of each sympathetic trunk is situated in front of the sacrum, 
medial to, or overlapping, the anterior sacral foramina. It comprises four or 
five smaU sacral gaiiglia, connected by the intervening portions of the trunk. 
It is continuous above with the lumbar part, while below, the two pelvic 
sympathetic trunks converge, and unite on the front of the coccyx in a small 
ganglion, which is named the ganglion impar. 

* lonescu, D., and Enachescu, M., ZeiUchr^f, Anca, und ErUwg, Bd. 85, 1928. 
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Grey rami communicantes pass from the ganglia to the sacral and coccygeal 
nerves. Many of these fibres reach the medial popliteal (tibial) nerve and are 
distributed to the popliteal artery and its branches. No white rami communic- 
antes pass to this part of the sympathetic trunk. 

The branches of distribution communicate on the front of the sacrum with 
the corresponding branches from the opposite side ; twigs from the first two 
ganglia join the pelvic plexuses, and others form a plexus on the median sacral 
artery. Filaments are distributed to the glomus coccygeum (coccygeal body) 
from the loop uniting the two trunks. 


Fig. 999. — The abdominal portion of the sympathetic trunks, with the coeliao and 
aortic plexuses. (After Henle.) 
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The following facts concerning the course of the sympathetic nerve-fibres have been 
arrived at by experiments on lower animals, chiefly dogs, but they probably hold good for 
the human sympathetic system : 

The preganglionic sympathetic fibres for the head and neck leave the spinal cord 
through the upper five thoracic nerves (chiefly through the second and third nerves). 
They ascend in the cervical part of the sympathetic trunk and end in the superior cervical 
ganglion. The fibres arising from the cells of this ganglion are vasoconstrictor for the 
blood-vessels, secretory for the salivary and sudoriferous glands, and dilator for the pupil. 

The accelerator fibres of the heart leave mainly through the second and third thoracic 
nerves and pass to the stellate,* and the inferior and middle cervical gangha. From the 
cells of these ganglia fibres are distributed to the heart. The afferent fibres from the heart 
run in the middle and inferior cervical cardiac and in the thoracic cardiac nerves. Having 
entered the sympathetic trunk, they pass to the posterior nerve-roots of the second to the 
fourth or fifth thoracic nerves. 

Fibres leave the thoracic spinal nerves (mainly the lower six) and are conveyed through 
the splanchnic nerves to the coeliac ganglion, from the cells of which fibres pass to the 
blood-vessels and viscera of the abdominal cavity. Fibres from the lower thoracic and 
upper three or four lumbar nerves pass through the ganglia of the lumbar part of the 
sympathetic trunk to the inferior mesenteric gangHon ; from this ganglion fibres are 
conveyed through the hypogastric and pelvic plexuses to the pelvic viscera. 

* In the dog the upper four thoracic ganglia of the sympathetic trunk are fused into one 
mass which is named the stellate ganglion. 
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The constrictor fibres for the blood-vessels of the upper limbs leave the thoracic nerves 
from about the fourth to the tenth inclusive ; those for the lower limbs through the lower 
two or three thoracic and upper three lumbar nerves ; the former have their synapses 
in the stellate ganglion, the latter in the sixth and seventh lumbar and first sacral ganglia. 


THE GREAT PLEXUSES OF THE SYMPATHETIC 

The great plexuses of the sympathetic are aggregations of nerves and 
ganglia, situated in the thoracic, abdominal and pelvic cavities, and named 
the cardiac, coeliac and hypogastric plexuses. From the plexuses branches 
are given to the thoracic, abdominal and pelvic viscera. 

The Cardiac Plexus (fig. 996) 

The cardiac plexus is situated at the base of the heart, and is divided into 
a superficial and a deep part, which are, however, closely connected. 

The superficial part of the cardiac plexus lies below the arch of the aorta,- 
in front of the right puhnona^ artery. It is formed by the cardiac branch of 
the superior cervical ganglion of the left sympathetic trunk, and the lower 
of the two cervical cardiac branches of the left vagus. A small ganglion, 
termed the cardiac ganglion, is usually found in this plexus, and is situated 
immediately below the arch of the aorta, on the right side of the ligamentum 
arteriosum. This ganglion is probably a part of the parasympathetic system 
and acts as a cell*station for vagal fibres only. The superficial part of the 
cardiac plexus gives branches {a) to the deep part of the plexus ; {h) to the 
right coronary plexus ; and (c) to the left anterior pulmonary plexus. 

The deep part of the cardiac plexus is situated in front of the bifurcation of 
the trachea, above the point of division of the pulmonary trunk, and behind 
the aortic arch. It is formed by the cardiac nerves derived from the cervical 
and upper thoracic ganglia of the sympathetic trunk, and the cardiac branches 
of the vagus and recurrent laryngeal nerves. The only cardiac nerves which do 
not join the deep part of the cardiac plexus are those which pass to the super- 
ficial part of the plexus. 

The branches from the right half of the deep part of the cardiac plexus pass, 
some in front of, and others behind, the right pulmonary artery ; the former, 
the more numerous, transmit a few filaments to the right anterior pulmonary 
plexus, and are then continued onwards to form part of the right coronary 
plexus ; those behind the pulmonary artery distribute a few filaments to the 
right atrium, and are then continued onwards to form part of the left 
coronary plexus. 

The left half of the deep part of the cardiac plexus is connected with the 
superficial part of the plexus, and gives filaments to the left atrium, and to 
the left anterior pulmonary plexus, and is then continued to form the greater 
part of the left coronary plexus. 

The left coronary plexus is larger than the anterior, and accompanies 
the left coronary artery ; it is formed chiefly by filaments prolonged from the 
left half of the deep part of the cardiac plexus, and by a few from the right 
half. It gives branches to the left atrium and ventricle. 

The right coronary plexus is formed partly from the superficial and partly 
from the deep parts of the cardiac plexus. It accompanies the right coronary 
artery, and gives branches to the right atrium and ventricle. 

The sympathetic cardiac nerves are the accelerator nerves of the heart. 

The efferent sympathetic fibres arise in the upper thoracic segments of the spinal cord, 
down to and including the fifth, emerge in the corresponding anterior nerve-roots and travel 
via the white rami communicantes to the sympathetic trunk, in which many of them ascend 
to the cervical ganglia before being relayed. The afferent sympathetic fibres nm in the 
cardiac branches of the middle and inferior cervical ganglia and the thoracic cardiac nerves 
and reach the spinal cord through the posterior nerve-roots of T. 2 to T. 5. 

The fibres derived from the upper thoracic segments of the spinal cord are distributed 
to the ascending aorta, the pulmonary trunk and the ventricles ; those from the lower 
segments supply the aftria. 
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The Cceliao Plexus (figs. 996, 999, 1000) 

The coeliac or solar plexus, the largest of the three great sjrapathetic plexuses, 
is situated at the level of the upper part of the first lumbar vertebra, and is 
composed of a dense network of nerve-fibres which unite together two large 
ganglia, termed the oceliac ganglia. It surrounds the coeliac artery and the 
root of the superior mesenteric artery. It lies behind the stomach and the 
omental bursa, in front of the crura of the diaphragm and the commencement 
of the abdominal aorta, and between the suprarenal glands. The plexus and 
the ganglia receive the greater and lesser splanchnic nerves of both sides and 
some filaments from the right vagus, and give off numerous secondary plexuses 
along the neighbouring arteries. 

The cceliac ganglia are two large irregularly-shaped masses, not unlike lymph 
glands in appearance, placed, one on each side of the median plane, in front of 
the crura of the diaphragm and medial to the suprarenal glands, that on the 
right side being placed behind the inferior vena cava. The upper part of each 
ganglion is joined by the greater splanchnic nerve, while the lower part, which is 
more or less detached and is often named the aorticorenal ganglion, receives 
the lesser splanchnic nerve and gives off the greater part of the renal plexus. 

The secondary plexuses springing from or connected with the coeliac plexus 
are the following : 

Phrenic. Splenic. Suprarenal. Testicular (or ovarian). 

Hepatic. Left gastric. Renal. Superior mesenteric. 

Abdominal aortic. Inferior mesenteric. 

The phrenic plexus accompanies the corresponding (inferior) phrenic artery 
to the diaphragm, some filaments passing to the suprarenal gland. It arises 
from the upper part of the cceliac ganglion, and is larger on the right than on 
the left side. It receives one or two branches from the phrenic nerve. At the 
point of junction of the right phrenic plexus with the phrenic nerve there is a 
small ganglion [ganglion fhrenicum). This plexus distributes some branches to 
the inferior vena cava, and to the suprarenal and hepatic plexuses. 

The hepatic plexus, the largest offset from the coeliac plexus, receives 
filaments from the left and right vagus and right phrenic nerves. It accom- 
panies the hepatic artery, ramifying upon its branches, and upon those of the 
portal vein, in the substance of the liver. Branches from this plexus accompany 
all the branches of the hepatic artery. The plexus exercises a controlling and 
regulating influence over both carbohydrate and protein metabolism in the 
liver. Its vagal constituents are believed to be motor to the musculature of 'the 
gall-bladder and bile ducts and inhibitory to the sphincter of the bile duct. A 
considerable plexus accompanies the gastroduodenal artery and is continued as the 
right gastro-ejpiploic plems on the right gastro -epiploic artery along the greater 
curvature of the stomach, where it unites with offshoots from the splenic plexus. 

The splenic plexus is formed by branches from the coeliac plexus, left coeliac 
ganglion and right vagus nerve. It accompanies the splenic artery to the 
spleen, giving off, in its course, subsidiary plexuses along the various branches 
of the artery. The terminal branches supply the unstriped muscle of the 
splenic capsule and trabeculae. 

The left gastric plexus accompanies the left gastric artery along the lesser 
curvature of the stomach, and joins with the gastric branches of the vagus 
nerves. The gastric sympathetic nerves are motor to the pyloric sphincter 
but uahibitory to the muscular coats of the stomach. 

The suprarenal plexus is formed by branches from the coeliac plexus, from 
the cmliac ganghon, and from the phrenic and greater splanchnic nerves, a 
ganglion being formed at the point of junction with the latter nerve. The 
plexus supplies the suprarenal gland, and is distributed chiefly to its medullary 
portion ; its branches are remarkable for their large size in comparison with 
that of the organ they supply. 

The renal plexus is formed by filaments from the cceliac plexus, the aortico- 
renal ganglion, and the aortic plexus. It is joined also by the lowest splanchnic 
nerve and by branches from the vagus.* The nerves from these sources, fifteen 

* 6. Renner, Du InnervcUion der Niere, Die Lebenmerven (L. R. Muller), Berlin, 1924. 
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or twenty in number, have a few ganglia developed upon them. They accom- 
pany the branches of the renal artery into the kidney ; some filaments are 
distributed to the testicular plexus and to the ureter, and, on the right side, to 
the inferior vena cava. The available evidence suggests strongly that the renal 
sympathetic nerves are entirely vasomotor in function. 


Fig. 1000. — ^The coeliac ganglia with the sympathetic plexuses of the abdominal 
viscera radiating from the ganglia. (From Toldt’s Atlas, published by Messrs. 
Redman, Ltd., London.) 
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The testicular plexus is derived from the renal plexus, and receives twigs 
from the aortic plexus. It accompanies the testicular artery to the testis. In 
the female the ovarian plexus arises from the renal plexus, and, accompanying 
the ovarian artery, is distributed to the ovary and the fimdus of the uterus. 

The sympathetic nerves to the intestine are motor to the ileocolic sphincter 
but inhibitory to the muscular coats of the gut. In addition, they convey 
vasoconstrictor fibres. 

The superior mesenteric plexus is a continuation of the lower part of the 
coeliac plexus, and receives a branch from the Junction of the right vagus nerve 
with the latter plexus. It surrounds the superior mesenteric artery, accom- 
panies it mto the mesentery, and divides into a number of secondary plexuses 
which are distributed to the parts supplied by the artery, viz. pancreatic 
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branches to the pancreas ; jejunal and ileal branches to the small intestine ; 
ileocolic, right colic, and middle colic branches, which supply the corresponding 
parts of the large intestme. The nerves composing this plexus are white in 
colour and firm in texture ; the superior mesenteric ganglion is situated in the 
upper part of the plexus close to the origin of the superior mesenteric artery. 

The abdominal aortic plexus is formed by branches from the ooehac plexus 
and ganglia, and receives filaments from some of the lumbar ganglia. It is 
situated upon the sides and front of the aorta, between the origins of the 
superior and inferior mesenteric arteries. Prom this plexus parts of the testicular, 
the inferior mesenteric, the iliac and the hypogastric plexuses arise ; it also 
distributes filaments to the inferior vena cava. 

The inferior mesenteric plexus is derived chiefly from the aortic plexus. It 
surrounds the inferior mesenteric artery, and just below the origin of this vessel 
the inferior mesenteric ganglion is situated. The plexus divides into a number 
of secondary plexuses, which are distributed to all the parts supplied by the 
artery ; thus the left colic plexuses supply the descending and pelvic parts of 
the colon ; and the superior rectal plexus supplies the rectum and joins in the 
pelvis with branches from the pelvic plexuses. The colic sympathetic nerves 
are inhibitory to the muscular coats of the colon and rectum. 


The Hypogastbic Plexus (fig. 996) 

The hypogastric plexus is situated in front of the left common iliac vein, the 
last lumbar vertebra and the promontory of the sacrum, between the two 
common iliac arteries. It is formed by the union of numerous filaments — 
the so-called “ presacral nerves ’’ — ^which descend on each side from the aortic 
plexus, and from the lumbar ganglia. It divides below into two portions which 
are named the right and left pelvic pleocuses. 


The Pelvic Plexuses (fig. 996) 

The two pelvic plexuses supply the viscera of the pelvic cavity, and are 
situated at the sides of the rectum in the male, and at the sides of the rectum 
and vagina in the female. Each is formed by a continuation of the hypogastric 
plexus, and by a few filaments from the first two ganglia of the sacral part of the 
sympathetic trunk. The parasympathetic visceral branches of the second 
and third sacral nerves [the pelvic splanchnics] join the sympathetic 
nerves of the pelvic plexuses, and minute ganglia are found at the points of 
junction. Erom the pelvic plexuses numerous branches are distributed to the 
viscera of the pelvis. They accompany the branches of the internal iliac artery. 

The middle rectal plexus arises from the upper part of the pelvic plexus ; 
it supplies the rectum, and joins with branches of the superior rectal plexus. 

The vesical plexus arises from the fore parts of the pelvic plexuses. The 
nerves; composing it are numerous and, as it is a mixed sympathetic and para- 
sympathetic plexus, contain a large proportion of medullated pregangHonic 
nerve-fibres. They accompany the vesical arteries, and are distributed to the 
sides and fundus of the bladder. Numerous filaments also pass to the vesiculae 
seminales and vasa deferentia ; those accompanying the vasa deferentia join, 
on the spermatic cord, with branches from the testicular plexuses. The vesical 
sympathetic nerves convey motor fibres to the sphincter and inhibitory fibres 
to the muscular coats of the bladder. 

The prostatic plexus is continued from the lower parts of the pelvic plexuses. 
The nerves composing it are of large size. They are distributed to the prostate, 
vesiculae seminales, and the corpora cavernosa and corpus spongiosum of the 
penis. The nerves supplying the corpora cavernosa consist of two sets, the lesser 
and greater cavernous nerves, which arise from the fore part of the prostatic 
plexus, and, after joining with bra-nches from the pudendal nerve, pass forwards 
below the pubic arch. 

The lesser cavernous nerves perforate the fibrous covering of the penis, near 
its root, and are distributed to its erectile tissue. 
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The greater cavernous nerve passes forwards along the dorsum of the penis, 
joins with the dorsal nerve of the penis, and is distributed to the corpora 
cavernosa. 

The vaginal plexus arises from the lower parts of the pelvic plexuses. It is 
distributed to the walls of the vagina and to the erectile tissue of the vestibule. 
The nerves composing this plexus contain, like the vesical, a large proportion 
of preganglionic parasympathetic nerve-fibres. 

The uterine plexus accompanies the uterine artery along the side of the 
uterus, between the layers of the broad ligament, and communicates with 
the ovarian plexus. Its fibres are chiefly distributed to the neck, and the lower 
part of the body, of the uterus. A collection of small ganglia which together 
form the uterine cervical ganglion is situated at the side of the neck of the uterus. 

Applied Anatomy , — Little is known as to the connexion between the numerous micro- 
scopical alterations (pigmentation, atrophy, haemorrhage, fibrosis) that have been described 
in the sympathetic nervous system, and the functional changes that ensue therefrom. 
Grosser lesions due to stabs, bullet- wounds, or the pressure of new growths, may cause 
either irritative or paralytic symptoms. In paralysis of the cervical sympathetic on one 
side, the pupil is small and does not dilate when shaded or on the instillation of cocaine, 
although it contracts still further when brightly illuminated ; it also loses the ciHospinal 
reflex, failing to dilate when the skin of the neck is pinched. The palpebral fissure narrows 
from paralysis of the involuntary muscle of the eyelid, and the eyeball sinks backwards 
into the orbit — enophthalmos. The superficial vessels of the face and scalp are at first 
dilated, but later they contract. Anidrosis, or absence of sweating, is often noted on the 
affected side. Irritation of the cervical sympathetic produces signs mainly the converse 
of those described above. We have no definite knowledge of the signs and symptoms that 
follow lesions of the thoracic or lumbar parts of the sympathetic system. It is likely, 
however, that a number of nervous disorders characterised by persistent vasctdar dis- 
turbances, such as dilatation of the vessels with throbbing, flushing, sweating, and localised 
oedema, or contraction of the vessels with pallor, chilliness, pain, and malnutrition of the 
affected parts, are due to implication of the sympathetic nervous system. 

The operation of periarterial sympathectomy has been introduced of recent years in an 
attempt to deprive an artery of its sympathetic innervation, particularly in cases of inter- 
mittent claudication. It consists in the removal of a complete ‘ cuff ’ of the tunica advent- 
itia, in which the vascular nerves lie, but, although good results have followed in many 
cases, there is no anatomical basis for the operation. The aortic plexus is continued along 
the large branches of the aorta, and this source of supply may be cut off completely by 
the procedure, but it does not constitute the exclusive supply of the large arteries. N’um- 
erous branches of sympathetic origin join the vessels from the nerves which run close to 
them in their course. Eor example, the median nerve in the arm supplies numerous fila- 
ments to the brachial artery, and the femoral, saphenous and obturator nerves in the thigh 
give branches to the femoral artery. On this account the removal of a ‘ cuff ’ of the tunica 
adventitia can only produce a local denervation of the vessel. 

Complete removal of the cervical ganglia and the cervical part of the sympathetic trimk 
has been carried out in cases of bronchial asthma with varying success. In view of the 
fact that the bronchoconstrictors are supplied by the vagus (p. 1074), it would appear 
that the operation can only be expected to produce beneficial results when the condition 
is due to reflexes of peripheral origin. In such cases the removal of the cervical sympathetic 
trunk eliminates some of the afferent impulses. 

The whole of the sympathetic innervation of the upper limb can be cut off by the 
excision of the first and second thoracic ganglia, and the portion of the trunk which con- 
nects them. This operation has been carried out with successful results in cases of Ray- 
naud’s disease affecting the upper limbs. Although the bilateral excision of the first and 
second thoracic gangHa cuts off a large part of the sympathetic innervation of the heart, 
the cardiac rhythm is not greatly disturbed. The operation is performed through a dorsal, 
vertical incision and involves the excision of the vertebral end of the second rib and the 
transverse process of the second thoracic vertebra. 

Recently, the lumbar part of the sympathetic trunk and its rami have been subjected 
to operation in cases of Hirschsprung’s disease, or congenital megalocolon. On the grounds 
that the dilated condition of the gut is attributable to overaction of the inhibitory influence 
of the sympathetic, the white ramus communicans of the first lumbar ganglion (and some- 
times that of the second as well) and the medial branches of the lumbar ganglia are divided 
and the trunk itself is cut through below the fourth lumbar ganghon. Similar operations 
have been performed for spastic conditions of the vessels of the lower limb. 

Division of the ‘ presacral nerves ’ has recently been carried out for pain associated 
with disease of the pelvic organs on the assumption that the afferent fibres concerned 
reach the spinal cord by this route. A similar operation has been performed to hasten the 
onset of ‘ automatic bladder ’ in lesions of the spinal cord. 

G.A. 2 O 



THE ORGANS OF THE SENSES AND 

THE SKIN 


T he organs of the senses may be divided into (a) those of the special senses 
of taste, smell, sight, and hearing, and (b) those associated with the general 
sensations of heat, cold, pain, pressure, etc. 


THE PERIPHEEAL ORGANS OF THE SPECIAL SENSES 


Vallum 


The Ohgah of Taste 

The peripheral gustatory organs, or organs of taste, consist of certain 
modified epithelial cells arranged in flask-shaped groups termed gustatory 

calyculi or taste-buds, which 
Eig. 1001. — A vertical section through a human are found on the tongue and 
papilla vallata. Stained with haematoxylin and adjacent parts. They occupy 
eosm. X 1 6. nests in the stratified epithelium 

(fig. 1001), and are very numer- 
ous on the sides of the papillae 
vallatae and less so on the walls 
surrounding the papillae. They 
are found also in the epithelial 
covering of the sides and post- 
erior part of the tongue. They 
are very plentiful over the folia 
linguae, just in front of the lin- 
gual attachment of the palato- 
glossal arch. They are present 
also on the under surface of the 
soft palate, and on the posterior 
surface of the epiglottis. 

Structure. — Each taste-bud 
is flask-shaped (fig. 1002), its 
broad base resting on the corium, 
and its neck opening between 
the cells of the epithelium by 
an orifice termed the gustatory 
pore. The bud consists of sup- 
porting cells and gustatory cells. The supporting cells are mostly arranged like 
the staves of a cask, and form a complete envelope for the bud. Some, however, 
are found in the interior of the bud between the gustatory cells. The gustatory 
cells occupy the central portion of the bud ; they are spindle-shaped, and each 
possesses a large spherical nucleus near its centre. The peripheral process of the 
cell ends at the gustatory pore in a fine hair-like filament, named the gustatory 
hair. The central process passes towards the deep part of the bud, and there 
ends in a single or branched extremity. The nerve-fibres, after losing their 
medullary sheaths, enter the taste-bud, and end in fine fibrils between the 
gustatory cells ; other nerve-fibrils end between the epithelial cells which 
surround the taste-bud, but these are believed to be nerves of ordinary sensation 
and not gustatory. 
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Nerves of taste , — ^The chorda tympani nerve, derived from the facial nerve (p. 1061), 
and distributed with the lingual nerve, is the nerve of taste for the anterior two-thirds of 
the tongue ; the glossopharyngeal is the nerve of taste for the posterior one- third of the 
tongue and for the soft palate. The internal 
laryngeal branch of the vagus innervates the 
taste-buds in the epiglottis. 


The Oegan of Smell 


Fig. 1002. — section through a taste-bud 
‘ from the human tongue. Stained with 
hsematoxylin and eosin. x 450. 



Fig. 1003. — ^The cartilages of 
the right side of the nose. 
Lateral aspect. 


The peripheral olfactory organ con- 
sists of the exterrial nose, and the nasal 
cavity, which is divided by a septum 
into right and left parts. 

The external nose is pyramidal in 
form, and its upper angle, or root, is con- 
nected directly with the forehead ; its 
free angle is termed the aperr. Its inferior 
aspect is perforated by two elliptical " 

apertures, termed the nares or nostrils, 

which are separated from each other by the septum. The lateral surfaces 
of the nose form, by their union in the medial plane, the dorsum nasi, the direct- 
ion of which varies considerably in different individuals ; the upper part of 
the externa] nose is supported by the nasal bones and the frontal processes of 
the maxillae. The lateral surfaces end below in the rounded alee nasi. 

The framework of the external nose is composed of bones and hyaline cart- 
ilages. The bony framework, which supports its upper part, consists of the nasal 
bones, the frontal processes of the maxillae, and the nasal part of the frontal 
bone. The cartilaginous framework consists of the septal cartilage, the upper 

and lower nasal cartilages, and the small cartilages 
of the ala (figs. 1003-1005). These are connected 
to one another and to the bones by the continuity 
of the perichondrium and the periosteum. 

The septal cartilage (figs. 1005, 1006), somewhat 
quadrilateral in form, and thicker at its margins than 
at its centre, forms almost the whole of the septum 
between the anterior parts of the nasal cavity. The 
upper part of its anterosuperior margin is connected 
to the posterior border of the intemasal suture ; the 
middle part is continuous with the upper nasal cart- 
ilages ; the lower part is attached to these cartilages 
by the perichondrium. Its antero-inferior border is 
connected on each side to the septal process (medial 
crus) of the lower nasal cartilage. Its postero- 
superior border is joined to the perpendicular plate 
of the ethmoid bone, and its postero-inferior border 
is attached to the vomer and to the nasal crest of 
the maxillae. The cartilage of the septum may 
extend backwards (especially in children) as a 
narrow process, termed the sphenoidal process, for 
some distance between the vomer and the perpen- 
dicular plate of the ethmoid bone. The anterior- 
inferior part of the nasal septum is freely movable, 
and hence is named the septum mobile nasi ; it is 
not formed by the cartilage of the septum, but by the septal processes of the 
lower nasal cartilages and by the skin. 

The upper nasal cartilage (lateral cartilage) (fig. 1003) is situated below the 
inferior margin of the nasal bone, and is triangular in shape. Its anterior margin 
is thicker than the posterior, and its upper part is continuous with the cartilage 
of the septum, but its lower part is separated from this cartilage by a narrow 
fissure ; its superior margin is attached to the nasal bone and the frontal 
process of the maxilla ; its inferior margin is connected by fibrous tissue with 
the lower nasal cartilage. 




THE ORGANS OF THE SENSES AND 

THE SKIN 


T he organs of the senses may be divided into (a) those of the special senses 
of taste^ smell, sight, and hearing, and (b) those associated with the general 
sensations of heat, cold, pain, pressure, etc. 


THE PERIPHERAL ORGANS OF THE SPECIAL SENSES 
The Organ of Taste 

The peripheral gustatory organs, or organs of taste, consist of certain 
modified epithelial cells arranged in flask-shaped groups termed gustatory 

calyculi or taste-buds, which 
are found on the tongue and 
adjacent parts. They occupy 
nests in the stratified epithelium 
(fig. 1001), and are very numer- 
ous on the sides of the papillae 
vallatae and less so on the walls 
surrounding the papillae. They 
are found also in the epithelial 
covering of the sides and post- 
erior part of the tongue. They 
are very plentiful over the folia 
linguae, just in front of the lin- 
gual attachment of the palato- 
glossal arch. They are present 
also on the under surface of the 
soft palate, and on the posterior 
surface of the epiglottis. 

Structure. — Each taste-bud 
is flask-shaped (fig. 1002), its 
broad baseresting on the corium, 
and its neck opening between 
the cells of the epithelium by 
an orifice termed the gustatory 
jpore. The bud consists of sup- 
porting cells and gustatory cells. The supporting cells are mostly arranged like 
the staves of a cask, and form a complete envelope for the bud. Some, however, 
are found in the interior of the bud between the gustatory cells. The gustatory 
cells occupy the central portion of the bud ; they are spindle-shaped, and each 
possesses a large spherical nucleus near its centre. The peripheral process of the 
cell ends at the gustatory pore in a fine hair-like filament, named the gustatory 
hair. The central process passes towards the deep part of the bud, and there 
ends in a single or branched extremity. The nerve-fibres, after losing their 
medullary sheaths, enter the taste-bud, and end in fine fibrils between the 
gustatory cells ; other nerve-fibrils end between the epithelial cells which 
surround the taste-bud, but these are believed to be nerves of ordinary sensation 
and not gustatory. 


Fig. 1001. — A vertical section through a human 
papilla vallata. Stained with hsematoxylin and 
eosin. x 16. 
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Nerves of taste , — ^Tlie chorda tympani nerve, derived from the facial nerve (p. 1061), 
and distributed with the lingual nerve, is the nerve of taste for the anterior two-thirds of 
the tongue ; the glossopharyngeal is the nerve of taste for the posterior one-third of the 
tongue and for the soft palate. The internal 

laxyngeal braflch of the vagus innervates the 1002.-A section through a taste-bud 

taste-buds in the epiglottis. from the human ton^e. Stained with 

hsematoxylin and eosiu. x 460. 

The Organ of Smell 

The peripheral olfactory organ con- 
sists of the external nose, and the nasal 
cavity, which is divided by a septum 
into right and left parts. 

The external nose is pyramidal in 
form, and its upper angle, or root, is con- 
nected directly with the forehead ; its 
free angle is termed the apex. Its inferior 
aspect is perforated by two elliptical 
apertures, termed the nares or nostrils, 
which are separated from each other by the septum. The lateral surfaces 
of the nose form, by their union in the medial plane, the dorsum nasi, the direct- 
ion of which varies considerably in different individuals ; the upper part of 
the externa] nose is supported by the nasal bones and the frontal processes of 
the maxillae. The lateral surfaces end below in the rounded alee nasi. 

The framework of the external nose is composed of hones and hyaline cart- 
ilages. The bony framework, which supports its upper part, consists of the nasal 
bones, the frontal processes of the maxillae, and the nasal part of the frontal 
bone. The cartilaginous framework consists of the septal cartilage, the upper 

and lower nasal cartilages, and the small cartilages 
Fig. 1003. — ^The cartilages of of the ala (figs. 1003-1005). These are connected 
the right side of the nose, to one another and to the bones by the continuity 
Lateral aspect. perichondrium and the periosteum. 

The septal cartilage (figs. 1005, 1006), somewhat 
quadrilateral in form, and thicker at its margins than 
at its centre, forms almost the whole of the septum 
between the anterior parts of the nasal cavity. The 
upper part of its anterosuperior margin is connected 
to the posterior border of the intemasal suture ; the 
middle part is continuous with the upper nasal cart- 
ilages ; the lower part is attached to these cartilages 
by the perichondrium. Its antero-inferior border is 
connected on each side to the septal process (medial 
crus) of the lower nasal cartilage. Its postero- 
superior border is joined to the perpendicular plate 
of the ethmoid bone, and its postero-inferior border 
is attached to the vomer and to the nasal crest of 
the maxillse. The cartilage of the septum may 
extend backwards (especially in children) as a 
narrow process, termed the sphenoidal process, for 
some distance between the vomer and the perpen- 
dicular plate of the ethmoid bone. The anterior- 
inferior part of the nasal septum is freely movable, 
and hence is named the septum mobile nasi \ it is 
not formed by the cartilage of the septum, but by the septal processes of the 
lower nasal cartilages and by the skin. 

The upper nasal cartilage (lateral cartilage) (fig. 1003) is situated below the 
mferior margin of the nasal bone, and is triangular in shape. Its anterior margin 
is thicker than the posterior, and its upper part is continuous with the cartilage 
of the septum, but its lower part is separated from this cartilage by a narrow 
fissure ; its superior margin is attached to the nasal bone and the frontal 
process of the maxilla ; its inferior margin is connected by fibrous tissue with 
the lower nasal cartilage. 





1156 


THE ORGANS OF THE SENSES 


Fig-. 1004. — ^The cartilages of the nose. 
Inferior aspect. 


Lower msal 
cartilage 


The lower nasal cartilage (greater alar cartilage) (figs. 1003, 1004) is a thin, 
flexible plate which is situated below the upper nasal cartilage, and is bent 

acutely around the anterior part of the 
naris. The medial part of the plate is 
narrow, and is termed the septal process. 
It is loosely connected by fibrous tissue to 
that of the opposite cartilage, and to the 
anterd’-inferior part of the septal cartilage, 
thus helping to form the movable, lower 
part of the nasal septum (septum mobile 
nasi). The upper border of the lateral 
part of the lower nasal cartilage is at- 
tached by fibrous tissue to the lower border 
of the upper nasal cartilage. Its posterior, 
narrow end is connected with the frontal 
process of the maxilla by a tough fibrous 
membrane, in which three or four small 
cartilaginous plates, termed the small 
cartilages of the ala (fig. 1003), are found. Its 
lower, free edge falls short of the lateral margin of the naris, the lower part of 
ala nasi being formed by fatty and fibrous tissue covered with skin. In front, 
the lower nasal cartilages are separated by a notch which corresponds with 
the apex of the nose. 



Small 
cartilages 
of ala 


Fig. 1005.— The bones and cartilages of the septum of the nose. 
Right surface. 
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The muscles acting on the external nose have been described on p. 527. 

The shin of the dorsum and sides of the nose is thin, and loosely connected with the 
subjacent parts ; but over the tip and alee it is thicker and more firmly adherent, and is 
furnished with a large number of sebaceous follicles, the orifices of which are usually very 
distinct. 

The arteries of the external nose are the alar and septal branches of the facial (external 
maxillaiy) artery, which supply the ala and lower part of the septum ; and the dorsal 
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nasal branch of the ophthalmic artery and the infra-orbital branch of the maxiUary artery, 
which supply the lateral aspects and the dorsum. The veiTis end in the anterior facial and 
ophthalmic veins. 

The nerves for the muscles of the nose are derived from the facial nerve, while the skin 
receives branches from the ophthalmic nerve, through its infratrochlear branch and the 
external nasal nerve (p. 1045), and from the infra-orbital branch of the maxillary nerve. 

Nasal cavity. — The nasal cavity is subdivided into right and left halves by 
the nasal septum (fig. 1006). They open on the face through the nares, and 
communicate behind with the nasal part of the pharynx through the posterior 


Fig. 1006. — A transverse section through the anterior part of the head at a level 
just below the apex of the odontoid process. Viewed from below. 
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nasal apertures. The Tiares are somewhat pear-shaped apertures, each measuring 
from 1-5 cm. to 2 cm. anteroposteriorly, and from 0*5 cm. to 1 cm. transversely 
at its widest part. The posterior nasal apertures are two oval openings each 
measuring about 2*5 cm. in the vertical, and 1*25 cm. in the transverse direction. 

For the description of the bony boundaries of the nasal cavity, see p. 273. 

Inside the aperture of the nostril there is a shght dilatation, termed the 
vestibule (fig. 1007), bounded laterally by the ala and the lateral part , of the 
lower nasal cartilage, and medially by the septal process of the same cartilage ; 
it extends as a small recess towards the apex of the nose. The vestibule is lined 
with sl^, and coarse hairs and sebaceous glands are found in its lower part ; 
the hairs (vibrissae) curve downwards and forwards to the naris, and tend to 
arrest the passage of foreign substances carried with the current of inspired air. 
The vestibule is limited above and behind by a curved elevation, named the 
limen nas% along which the skin of the vestibule is continuous with the mucous 
membrane of the nasal cavity. 

Each half of the nasal cavity, above and behind the vestibule, is divided 
into two parts : an olfactory region, limited to the superior nasal concha and 
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the opposed part of the septum, and a respiratory region, which comprises 
the rest of the cavity. 

Lateral wall (figs. 1007, 1008). — The lateral wall is marked by three elevations, 
formed by the superior, middle and inferior nasal conchse, and below and lateral 
to each concha by the corresponding nasal passage or meatus. Above the 
superior concha a triangular fossa, named the spheno-eihmoidal recess, receives 
the opening of the sphenoidal sinus. The^perior meatus is a short oblique 
passage extending about half-way along the upper border of the middle concha ; 
the posterior ethmoidal sinuses open, usually by two apertures, into the front 
part of this meatus. The middle meatus, deeper in front than behind, is below 


Fia. 1007. — ^Th© lateral wall of the right half of the nasal cavity. Medial aspect. 



Pharyngeal orifice of pharyngolympanic tube I 

Pharyngeal recess 

and lateral to the middle concha, and is continued anteriorly into a shallow 
depression situated abovb the vestibule and named the atrium of the middle 
meatus. Above the atrium an ill-defined curved ridge, termed the agger nasi, 
runs forwards and downwards from the upper end of the anterior free border 
of the middle concha ; it is better developed in the new-born child than in 
the adult. When the middle concha is raised or removed the lateral wall of 
this meatus is displayed fully. A rounded elevation, termed the bulla ethmoid- 
alis, and, below and extending upwards in front of it, a curved cleft, termed 
the hiatus semilunaris, form the principal features of this wall. The bulla 
ethmoidalis is caused by the bulging of the middle ethmoidal sinuses, which 
open on or immediately above it, and the size of the bulla varies with that of 
its contained sinuses. The hiatus semilunaris, which is bounded inferiorly by 
a sharp concave ridge produced by the uncinate process of the ethmoid bone, 
leads forwards and upwards into a curved channel, which is named the ethmoidal 
infundibulum. The anterior ethmoidal sinuses open into the front part of 
the infundibulum, which in rather more than 50 per cent, of subjects is con- 
tinuous with the frontonasal duct or passage leading from the frontal sinus. 
The frontonasal duct frequently opens directly into the anterior end of the 
middle meatus. The opening of the maxillary sinus is situated below the bulla 
ethmoidalis, and is usually hidden by the fiange-like lower (or medial) edge of 
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project from the septum to one or other side. Immrediately over the incisive 
canal at the lower edge of the cartilage of the septum a depression is sometimes 
seen ; it points downwards and forwards, and occupies the position of a canal 
which connected the nasal with the buccal cavity in early foetal life. In the 
septum close to this recess a minute orifice may be discerned ; it leads back- 
wards into a blind pouch — the rudimentary vomeronasal organ of Jacobson — 
which is supported by a strip of cartilage, named the suhvomerine (vomeronasal) 
cartilage. This organ is well developed in many of the lower animals, where it 
apparently plays a part in the sense of smell, since it is supplied by twigs of 
the olfactory nerve and is lined with epithelium similar to that in the olfactory 
region of the nose. 

The roof of the nasal cavity is narrow from side to side, except at its posterior 
part, and may be divided, from behind forwards, into sphenoidal, ethmoidal and 
frontonasal parts, corresponding to the bones which enter into its formation 
(pp. 273 and 277). The ethmoidal part is almost horizontal, but the frontonasal 
and sphenoidal parts slope downwards and forwards and downwards and back- 
wards, respectively. The cavity is therefore deepest where its roof is formed 
by the cribriform plate of the ethmoid bone. 
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The floor is concave from side to side, flat and almost horizontal antero- 
posteriorly ; its anterior three-fourths are formed by the palatine process of 
the maxilla, its posterior one-fourth by the horizontal part of the palatine bone. 

The nasal mucous membrane lines the nasal cavities with the exception of 
the vestibules, and is intimately adherent to the periosteum or perichondrium. 
It is continuous with the mucous membrane of the nasal part of the pharynx 
through the posterior nasal apertures ; with the conjunctiva, through the naso- 
lacrimal duct and lacrimal canaliculi ; and with the mucous membranes of the 
sphenoidal, ethmoidal, frontal and maxillary sinuses, through the openings of 
these sinuses. 

The mucous membrane is thickest and most vascular over the nasal conchse, 
especially at their extremities. It is also thick over the nasal septum, but very 
thin in the meatuses, on the floor of the nasal cavity, and in the various sinuses. 

Fig. 1009. — section through the olfactory mucous membranes. (Cadiat.) 



a. Epithelium. 6. Nasal glands, c. Nerve-bundles. 


Owing to the thickness of the membrane, the nasal cavity is much narrower, 
and the middle and inferior nasal conchae larger and more prominent than they 
appear in the skeleton : for the same reason the various apertures communicat- 
ing with the meatuses are also considerably narrowed. 

Structure of the mucous The epithelium of the mucous membrane differs in 

its characteristics according to the functions of the part of the nose in which it is found. 
In the respiratory region it is columnar and ciliated. Goblet or mucous cells are interspersed 
among the columnar cells, while smaller pyramidal cells are found between the bases of 
the latter. Beneath the epithelium and its basement-membrane there is a fibrous layer 
infiltrated with lymph corpuscles, forming in many parts a diffuse adenoid tissue, and under 
this a nearly continuous layer of mucous and serous glands, the ducts of which open upon 
the surface. In the olfactory region (fig. 1009) the mucous membrane is yellowish in colour 
and the epithelial cells are of two kinds, supporting cells and olfactory cells. The supporting 
cells contain oval nuclei, which are situated in the deeper parts of the cells and constitute 
the zone of oval nuclei ; the superficial part of each cell is columnar, and contains granules 
of yellow pigment, while its deep part is prolonged as a delicate process which ramifies, 
and communicates with similar processes from neighbouring cells so as to form a network 
in the mucous membrane. Lying between the deep processes of the supporting cells there 
are a number of bipolar nerve-cells — ^the olfactory cells — each consisting of a small amount of 
granular protoplasm with a large spherical nucleus, and possessing two processes ; the 
superficial process runs between the columnar epithelial cells, and ends at the surface of 
the mucous membrane in one or more fine, hair-like processess, called the olfactory hairs ; 
the deep or central process is frequently beaded, and is continued as an olfactory nerve- 
fibre (p. 1038), Beneath the epithelium, and extending through the thickness of the mucous 
membrane there is a layer of tubular, often branched, glands, termed the nasal ghxmds, 
similar in structure to serous glands. 

Vessds and Nerves . — ^The arteries of the nasal cavity are the anterior and posterior 
ethmoidal branches of the ophthalmic artery, which supply the ethmoidal and frontal 
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sinuses, and the roof of the nose ; the sphenopalatine branch of the (internal) maxillary 
artery, which supplies the mucous membrane covering the conchsB, the meatuses, and 
septum ; the septal ramus of the superior labial branch of the facial (external maxillary) 
artery ; the infra-orbital and inferior dental branches of the maxillary artery, which supply 
the lining membrane of the maxillary sinus ; and the pharyngeal branch of the same artery, 
which is distributed to the sphenoidal sinus. The ramifications of these vessels form a 
close plexiform network, beneath and in the substance of the mucous membrane. 

The veiTis form a close cavernous plexus beneath the mucous membrane. This plexus 
is especially marked over the lower part of the septum and over the middle and inferior 
Gonchae. Some of the veins open into the sphenopalatine vein ; others join the anterior 
facial vein ; some accompany the ethmoidal arteries, and end in the ophthalmic veins ; 
a few communicate with the veins on the orbital surface of the frontal lobe of the brain, 
through the foramina in the cribriform plate of the ethmoid bone. When the foramen 
caecum is patent it transmits a vein from the nasal cavity to the superior sagittal sinus. 

The lymph vessels are described on p. 855. 


Fig. 1010. — The nerves of the right side of the septum of the nose. 



The nerves of ordinary sensation (figs. 943, 1010) are : the anterior ethmoidal branch of 
the nasociliary nerve, filaments from the anterior superior dental branch of the maxillary 
nerve, the nerve of the pterygoid canal, the long sphenopalatine (nasopalatine) nerve, the 
greater palatine (anterior palatine) and nasal branches of the sphenopalatine ganglion. 

The anterior ethmoidal branch of the nasociliary nerve distributes filaments to the 
anterior parts of the septum and lateral wall. Filaments from the anterior superior dental 
nerve supply the inferior meatus and mferior concha. The nerve of the pterygoid canal 
supplies the upper and posterior parts of the septum, and superior concha ; and the upper 
nasal branches from the sphenopalatine ganglion have a similar distribution. The long 
sphenopalatine (nasopalatine) nerve supplies the middle of the septum. The greater palatine 
nerve supplies the lower nasal branches to the middle and inferior conchae. 

The olfactory nerves are distributed to the olfactory region. Their fibres arise from the 
bipolar olfactory cells and are destitute of medullary sheaths. They unite in fasciculi 
which cross one another in various directions, and thus give rise to the appearance of a 
plexus in the mucous membrane (fig. 1010) and then ascend in grooves or canals in the 
ethmoid bone ; they pass into the skull through the foramina in the cribriform plate of 
the ethmoid and enter the under surface of the olfactory bulbs, in which they ramify 
and form synapses with the dendrites of the mitral cells (fig. 934). Closely associated with 
the olfactory nerves are the nervi terminates (p. 1037). 


G.A. 
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The Paranasal Sinuses (figs. 1006, 1007, 1008, 1011) 

The paranasal sinuses are the frontal, ethmoidal, sphenoidal and maxillary ; 
they vary in size and form in different individuals, and are lined with mucous 
membrane continuous with that of the nasal cavity. 

The frontal sinuses, two in number, are situated behind the superciliary 
arches ; they are rarely symmetrical, because the septum between them fre- 
quently deviates from the median plane. Their average measurements are as 
follows : height, 3*16 cm. ; breadth, 2-58 cm. ; depth from before backwards, 
1-8 cm. Each opens into the anterior part of the corresponding middle meatus 
of the nose through the frontonasal duct, which traverses the anterior part of 
the labyrinth of the ethmoid. Small at birth, they are generally fairly well 


Fig. 1011. — coronal section through the nasal cavity. 
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developed between the seventh and eighth years, but only reach their full size 
after puberty. 

The ethmoidal sinuses consist of numerous thin-walled cavities situated in 
the ethmoidal labyrinth, and completed by the frontal, maxiUary, lacrimal, 
sphenoidal and palatine bones. They lie between the upper parts of the nasal 
cavity and the orbits, and are separated from, the latter by the orbital plates 
of the ethmoid bone. On each side they are arranged in three groups — anterior, 
middle and posterior. The anterior and middle groups open into the middle 
meatus of the nose, the former by way of the ethmoidal infundibulum, the 
latter on or above the ethmoidal bulla. The posterior air-sinuses open into the 
superior meatus under cover of the superior nasal concha ; sometimes one or 
more opens into the sphenoidal sinus. The ethmoidal sinuses begin to develop 
during foetal life. 

The sphenoidal sinuses, two in number, are placed behind the upper part 
of the nasal cavity, and are contained within the body of the sphenoid bone. 
They are related, above, to the optic chiasma, and the h3rpophysis cerebri ; on 
each side, to the internal carotid artery and the cavernous sinus. They vary in 
size and shape, and, owing to the lateral displacement of the intervening septum. 
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are rarely symmetrical. Frequently one sinus is much the larger of the two 
and extends across the median plane behind the sinus of the opposite side. 
The following are their average measurements : vertical height, 2 cm. ; trans- 
verse breadth, 1*8 cm. ; anteroposterior depth, 2*1 cm. When exceptionally 
large they may extend into the roots of the pterygoid processes or greater 
wings, and may invade the basilar part of the occipital bone. Each sinus 
communicates with the spheno-ethmoidal recess by an aperture in the upper 
part of its anterior wall. They are present as minute cavities at birth, but their 
main development takes place after puberty. 

The maxillary sinuses, which are the largest accessory air-sinuses of the 
nose, are pyramidal cavities in the bodies of the maxillae. The base of each is 
formed by the lateral wall of the nasal cavity ; the apex extends into the 
zygomatic process of the maxilla. The roof or orbital wall is frequently ridged 
by the infra-orbital canal, while the floor is formed by the alveolar process and 
is usually about 1 *25 cm. below the level of the floor of the nose ; several 
conical elevations corresponding with the roots of the first and second molar 
teeth project into the floor, which is sometimes perforated by one or more of 
these roots. The size of the maxillary sinus varies in different skulls, and even 
on the two sides of the same skull ; when large, its apex may invade the zygom- 
atic bone. The following measurements are those of an average-sized air- 
sinus : vertical height opposite the first molar tooth, 3*5 cm. ; transverse 
breadth, 2*5 cm. ; anteroposterior depth, 3*2 cm. It communicates with the 
lower part of the hiatus semilunaris through an opening in the anterosuperior 
part of its base (fig. 1011) ; a second orifice is frequently seen in, or immediately 
behind, the hiatus. The maxillary sinus appears as a shallow groove on the 
medial surface of the bone about the fourth month of foetal life, but does not 
reach its full size until after the eruption of the permanent teeth.* 

Applied Anatomy. — ^Instances of congenital deformity of the nose are occasionally met 
with, such as complete absence of the external nose, an aperture only being present, or 
perfect development on one side, and suppression or malformation on the other. Deform- 
ities which have been acquired are much more common, such as flattening of the nose, 
the result of syphilitic necrosis ; or imperfect development of the nasal bones in cases of 
congenital syphilis ; or a lateral deviation of the nose after fracture. 

The septum of the nose may be displaced or may deviate from the median plane as a 
result of an injury or of some congenital defect. Sometimes the deviation may be so great 
that the septum may come into contact with the lateral wall of the nasal cavity, producing 
complete unilateral obstruction. 

Suppuration in the paranasal sinuses of the nose is of frequent occurrence, and in 
connexion with this the situations at which the various sinuses normally communicate 
with the nasal cavity, are important : thus one finds they fall into two main groups : 
(1) anterior, opening into the middle meatus, and draining the maxillary, the frontal, and 
the anterior ethmoidal sinuses ; and (2) posterior, opening into the superior meatus and 
spheno-ethmoidal recess, and draining the posterior ethmoidal and sphenoidal sinuses. 
Suppuration in the anterior group is the more common, and the pus can be seen running 
down over the anterior end of the inferior concha, whereas in the case of the posterior group, 
the pus does not come forwards, but runs back into the nasopharynx over the posterior end 
of the middle concha. Again, it is of importance to notice that the middle meatus is of 
such a form that pus running down from the frontal sinus is directed by the hiatus semi- 
lunaris into the opening of the maxillary sinus, so that the latter sinus may, in some cases, 
act as a secondary reservoir for pus discharged from the frontal sinus. All the paranasal 
sinuses can be and are infected from the nasal cavity, but it should be noted that in the 
case of the maxillary sinus, the iofection is frequently conveyed in another way, and that 
is from the teeth. This sinus is the one most frequently the seat of chronic suppuration 
and it often requires drainage ; this can be carried out by removing bone from the lateral 
wall of the inferior meatus of the nose. Simple drainage, however, is not usually sufficient, 
and more extensive operations have often to be performed. 

The Organ oe Sight 

The eyeball (bulbus ociili) is the peripheral organ of sight, and is situated 
in the cavity of the orbit, the walls of which serve to protect it from injury. 
Certain accessory structures, viz. the muscles, fasciae, eyebrows, eyelids, 

* The measurements of the paranasal sinuses supplied in the text are those given by 
A. Logan Turner, Accessory Sinuses of the Nose, 1901. 
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conjunctiva and lacrimal apparatus, are intimately associated with the eyeball 
and will be described in the same section. 

The eyeball is imbedded in the fat of the orbit, but is separated from it by 
a thin membranous sac, termed the fascial sheath of the eyeball (p. 1182). It is 
composed of segments of two spheres of different sizes. The anterior segment is 
one of a small sphere ; it is transparent, and its arc forms about one-sixth of 
the circumference. It is more prominent than the posterior segment, which is 
one of a larger sphere, and is opaque, and forms about five-sixths of the whole 
circumference of the eyeball. The term anterior pole is applied to the central 
point of the anterior curvature of the eyeball, and that of posterior pole to the 
central point of its posterior curvature ; a line joining the two poles forms the 
optic axis. The axes of the two eyeballs are nearly parallel, and therefore do 
not correspond with the axes of the orbits which are directed forwards and 
laterally. The optic nerves follow the direction of the axes of the orbits, and 


Fig. 1012. — horizontal section through the eyeball. 
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therefore are not parallel ; each nerve enters its eyeball 8 mm, to the nasal 
side of the posterior pole. The vertical diameter (23 '5 mm.) of the eyeball is 
rather less than the transverse and anteroposterior diameters mm.) ; the 
anteroposterior diameter at birth is about 17*5 mm. and at paberty from 20 
to 21 mm. In the female all three diameters are rather less t?ian % the male. 
The eyeball is composed of three coats, which enclose three media. 

fe'.'h 

The Coats os the Eye (fig. 1012) ^ 

From without inwards the three coats are : (1) the fibrous coat, 
of the sclera behind and the cornea in front ; (2) the vascular, pigment:eo *■ 
comprising, from behind forwards, the choroid, ciliary body and iris : i4ld 
(3) the nervous coat, termed the retina. 


I. The Fibeotts Coat 

The fibrous coat of the eyeball (fig. 1012) consists of an opaque, posterior 
part, named the sclera, and a transparent, anterior part, named the cornea. 
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The sclera, so named from its density and hardness, is a firm membrane 
which serves to maintain the form of the eyeball. It is thickest (about 1 mm‘.) 
behind, near the entrance of the optic nerve, and thinnest (0*4 mm.) at a distance 
of about 6 mm. behind the sclerocorneal junction. Its external surface is white, 
and is in contact with the inner surface of the fascial sheath , of the eyeball 
(p. 1182) ; it is smooth, except where the tendons of the orbital muscles are 
inserted into it ; its anterior part is covered by the conjunctival membrane. 
Its inner surface is brown, and is marked by grooves in which the ciliary nerves 
and vessels are lodged ; it is separated from the outer surface of the choroid 
by an extensive perichoroidal space, which is traversed by an exceedingly fine 
cellular tissue, termed the suprachoroid lamina. Behind, it is pierced by the 


Fig. 1013. — general view of the iridocorneal angle. Enlarged. (After Thomson.) 
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optic nerve, and is continuous through the fibrous sheath of this nerve with the 
dura mater. Where the optic nerve pierces the sclera, the latter has the appear- 
ance of a cribriform plate and is named the lamina crihrosa sclerce (fig. 1022) ; 
the minute orifices in this lamina serve for the transmission of the nerve-bundles, 
and the fibrous septa between the orifices are continuous with the supporting 
tissue of the nerve. One opening, larger than the rest, and occupying the centre 
of the lamina, transmits the central artery and vein of the retina. Around the 
lamina cribrosa scleras numerous small apertures are present for the trans- 
mission of the ciliary vessels and nerves, and about midway between these and 
the sclerocorneal junction there are four or five large apertures for the trans- 
Inission of veins [vence vorticosce]. In front, the sclera is directly continuous with 
the cornea, the line of union being termed the sclerocorneal junction. In the 
substance of the sclera close to this junction is a circular canal, termed the sinus 
venosus sclerce. In a meridional section through the sclerocorneal junction, 
this sinus presents the appearance of a cleft, the outer wall of which consists 
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of the firm tissue of the sclera, while its inner wall is formed by a triangular 
mass of trabecular tissue (fig. 1013) ; the apex of the mass is directed forwards 
and is continuous with the posterior elastic lamina of the cornea. The sinus 
is lined with endothelium, and communicates internally with the anterior cham- 
ber of the eye, and is continuous externally with the anterior ciliary veins. 

Structure. — The sclera is formed of white fibrous tissue intermixed with fine elastic 
fibres ; flattened connective tissue corpuscles, some of which are pigmented, are contained 
in cell-spaces between the fibres. The fibres are aggregated into bundles, which are arranged 
chiefly in a longitudinal direction. Its vessels are not numerous ; its capillaries are small, 
and unite at long and wide intervals. Its nerves are derived from the ciliary nerves, but 
their exact mode of ending is not known. 

The cornea (fig. 1012) is the anterior, projecting and transparent part of the 
external coat ; it is almost circular in outhne, occasionally a little broader in 
the transverse than in the vertical direction. It is convex anteriorly, and pro- 
jects as a fiattened dome in front of the sclera. Its degree of curvature varies 
in different individuals, and in the same individual at different periods of life, 
being more pronounced in youth than in old age. The cornea is dense and of 
uniform thickness throughout ; its posterior surface is perfectly circular in 
outline, and exceeds the anterior surface slightly in diameter. Immediately in 
front of the sclerocorneal junction the cornea bulges inwards as a thickened 
rim, and behind this rim there is a distinct furrow between the attachment of 
the iris and the sclerocorneal junction. This furrow has been named by Arthur 
Thomson * the sulcus circularis cornece ; it is bounded externally by the trab- 
ecular tissue already described as forming the inner wall of the sinus venosus 
sclerse. Between this tissue and the anterior surface of the attached margin 
of the iris there is an angular recess, named the iridocorneal angle (iridial angle) 
of the eye (fig. 1013). A projecting rim of scleral tissue which appears in a 
meridional section as a small triangular area, termed the scleral spur, is situated 
between the iridocorneal angle and the sinus venosus sclerse (fig. 1013). Its 
base is continuous with the inner surface of the sclera immediately to the outer 
side of the iridocorneal angle and its apex is directed forwards and inwards. 
The bundles of trabecular tissue just referred to are attached to the anterior 
sloping margin of this spur ; the meridional fibres of the Ciliaris muscle arise 
from its posterior aspect. 

Structure (fig. 1014). — ^The cornea consists from before backwards of four layers, viz. ; 
(1) the comeal epithelium, continuous with that of the conjunctiva; (2) the substantia 
propria; (3) the posterior elastic lamina; and (4) the mesothelium of the anterior 
chamber. 

The corneal epithelium covers the front of the cornea and consists of several layers of 
cells. The cells of the deepest layer are columnar ; then follow two or three layers of 
polyhedral cells, the majority of which are prickle-cells similar to those found in the 
germmative zone of the epidermis (p. 1219). Lastly, there are three or four layers of squam- 
ous cells, with flattened nuclei. 

The substantia propria is fibrous, tough, unyielding and perfectly transparent. It is 
composed of about sixty flattened, superimposed lamellae. These lamellae are made up of 
bundles of modified connective tissue, the fibres of which are continuous with those of the 
sclera. The fibres of each lamella are for the most part parallel with one another, but at 
right angles to those of adjacent lamellae. Fibres, however, frequently pass from one 
lamella to the next. 

Between the lamellae there is a small amount of ground-substance, in which spaces are 
found, which are termed the comeal spaces. These are stellate in shape and communicate 
with one another by numerous offsets. Each contains a cell, named the corneal corpuscle, 
resembliug in form the space in which it is lodged, but not entirely filling it. 

The layer immediately beneath the corneal epithelium presents certain characteristics 
which have led some anatomists to regard it as a distinct membrane, and it has been 
named the anterior elastic lamina. It consists of extremely closely interwoven fibrils, 
similar to those found in the substantia propria, but contains no corneal corpuscles. 

The posterior Mastic lamina covers the posterior surface of the substantia propria, and 
is a thin, elastic, transparent, homogeneous membrane, which is not rendered opaque by 
water, alcohol, or acids. When stripped from the substantia propria it curls up, and rolls 
upon itseff, with the attached surface innermost. 

* Atlas of the Eye, Clarendon Press, Oxford, 1912. 
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At the margin of the cornea the posterior elastic lamina breaks up into fibres which 
form the trabecular tissue on the inner wall of the sinus venosus sclerse (p. 1 165) ; the spaces 
between the trabeculae are termed the spaces of the iridocorneal angle ; they communicate ' 
with the sinus venosus sclerae and with the anterior chamber. Some of the fibres of this 
trabecular tissue are continued into the substance of the iris, forming the pectinate ligament 
of the iris ; others are connected with the fore-part of the sclera and choroid. 


Fig. 1014, — A vertical section through the human cornea near its margin. 
Magnified. (Waldeyer.) 



1. Epithelium. 2. Anterior elastic lamina. 3. Substantia propria. 4. Posterior elastic 
lamina. 5. Endothelium of the anterior chamber, a. Oblique fibres in the anterior layer 
of the substantia propria, b. Lamellae the fibres of which are cut across producing a dotted 
appearance, c. Corneal corpuscles anpearing filiform in section, d. Lamellae the fibres of 
which are cut longitudinally, e. Transition to the sclera, with more distinct fibrillation, 
and surmounted by a thicker epithelium. /. Small blood-vessels out across near the margin 
of the cornea. 


The endothelium of the anterior chamber covers the posterior surface of the posterior 
elastic lamina, is reflected on to the front of the iris, and also lines the spaces of the irido- 
corneal angle ; it consists of a layer of polygonal, flattened, nucleated cells. 

Vessels and Nerves, — ^The cornea is a non- vascular structure, the capillary vessels of 
the conjunctiva and sclera ending in loops ah its circumference. Lymph vessels have 
not yet been demonstrated in it, but are probably represented by the channels in which the 
nerves run ; these channels are lined by an endothelium. The nerves are numerous and are 
derived from the ciliary nerves. Around the periphery of the cornea they form an annular 
plexus, from which fibres enter the substantia propria. They lose their medullary sheaths 
and ranaify throughout the substantia propria in a delicate network, and their termiaal 
filaments form a firm and closer plexus beneath the comeal epithelium. This is termed the 
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siibepithelicil and from it fine, varicose fibrils are given off which ramify between the 

epithelial cells, forming an intra-epithelial plexus. 


II, The Vascular Coat (figs. 1015 to 1020) 

The vascular coat of the eye is formed from behind forwards by the choroid, 
the ciliary body and the iris. 

The choroid covers the inner surface of the sclera, and extends as far 
forwards as the ora serrata of the retina. The ciliary body connects the 
choroid with the circumference of the iris. The iris is a circular diaphragm 
behind the cornea, and presents near its centre the rounded aperture of the 
pupih 

The choroid is a thin, highly vascular membrane, of a dark brown or cho- 
colate colour, investing the posterior five-sixths of the eyeball ; it is pierced 


Fig. 1015. — ^The arteries of the choroid and iris. The greater part of the sclera 
has been removed. (Enlarged.) 



behind by the optic nerve, and in this situation is firmly adherent to the sclera. 
It is thicker behind than in front. Its outer surface is loosely connected with 
the sclera by the suprachoroid lamina ; its inner surface is attached to the 
pigmented layer of the retina. 

Structure. — ^The choroid consists mainly of a dense capillary plexus, and of small 
arteries and veins carrymg blood to and from it. On its external surface there is a thin 
membrane, termed the suprachoroid lamimb, which is composed of dehcate non- vascular 
lamellse, each lamella consisting of a network of fine elastic fibres, among which are branched 
pigment-cells. The spaces between the lamellae are lined by mesothehum, and open 
freely mto the perichoroidal lymph space, which, m its turn, communicates with the 
perisoleral space at the poiats where the vessels and nerves are transmitted through 
the sclera. 

The choroid proper Hes mternal to this lamina. It consists of two layers : an outer, 
composed of small arteries and veios, with pigment-ceUs interspersed between them ; and 
an inner, consisting of a capfilaiy plexus. The outer layer or vascular lamina consists, in 
part, of the larger branches of the short posterior ciliary arteries, which run forwards 
between the veins before they bend inwards to end in the capillaries, but is formed princip- 
ally of veins, named, from their arrangement, the venoe vorUcosce (fig. 1016) ; these converge 
to four or five equidistant trunks, which pierce the sclera about midway between the solero- 
comeal junction and the entrance of the optic nerve. Interspersed between the vessels 
there are dark star-shaped pigment-ceUs, the processes of which communicate with those 
of neighbouring cells, and form a delicate network or stroma, which loses its pigmentary 
character towards the inner surface of the choroid. The inner layer, or choriocapiUary 
lamina, consists of an exceedingly fine capillary plexus, formed by the short ciliary vessels ; 
the network is closer and finer in the posterior than in the anterior part of the choroid. 
About 1 *25 cm. behind the cornea its meshes become larger, and are continuous with those 
of the ciliary processes. These laminae are connected by a stratum intermedium consisting 
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of fine elastic fibres. On the inner surface of the ohoriocapillary lamina is a very thin, 
structureless, .or faintly fibrous membrane, called the hasal lamina ; it is closely connected 
with the stroma of the choroid, and separates it from the pigmented layer of the retina. 

Tapetum . — ^This name is often 

applied to the outer and posterior pig. 1016.— The veins of the choroid. (Enlarged.) 

part of the choroid, which in 
many animals presents an irides- 
cent appearance. 

The ciliary body comprises 
the ciHary ring, the ciliary pro- 
cesses and the Ciliaris muscle. 

The ciliary ring [orbiculus 
ciliaris] is a zone of about 
4 mm. in width, directly con- 
tinuous with the anterior part 
of the choroid ; it presents 
numerous ridges arranged in 
a radial manner, but has no 
choriocapiUary lamina. 

The ciliary processes are 
formed by the inward folding 
of the various layers of the 
choroid (i.e. the choroid proper 
and the basal lamina), and 
are received between corre- 
sponding foldings of the suspensory ligament of the lens. They are arranged 
in a circle, and form a sort of frill behind the iris, round the margin of the 
lens (fig. 1017). They vary from sixty to eighty in number, lie side by side, 
and may be divided into large and small processes ; the former are about 



Fig. 1017. — ^The interior of the anterior half of the eyeball. 
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2-5 mm. long, and the latter, consisting of about one-third of the entire number, 
are situated in the spaces between them, but without regular alternation . Each 
is attached by its peripheral end to three or four of the ridges of the ciliary ring ; 
the opposite extremity is free and rounded, and is directed towards the posterior 
chamber of the eyeball and circumference of the lens. In front, the ciliary 
processes are continuous with the periphery of the iris. Their posterior surfaces 
are connected with the suspensory hgament of the lens. 

Structure.— The ciliary processes (figs. 1017, 1018) are similar m structure to the choroid, 
but the vessels are larger and have chiefly a longitudinal direction. Their posterior surfaces 
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are covered by the ciliary part of the retina, continued forwards from the nervous part of 
the retina, and consisting of an outer layer of cubical pigment- cells, and an inner 
layer of columnar cells which are not pigmented. In the stroma of the ciliary processes 
there are also stellate pigment-cells, but these are not so numerous as in the choroid 
itself. 


The Ciliaris muscle consists of unstriped fibres ; it forms a greyish, semi- 
transparent, circular band, about 6 mm. broad, on the outer surface of the 
fore-part of the choroid. It consists of meridional and circular fibres. The 
meridional fibres, much the more numerous, arise from the posterior margin 
of the scleral spur (p. 1166) ; they run backwards, and are attached to the 
ciliary processes and ring. The circular fibres are internal to the meridional 
ones, and in a meridional section appear as a triangular zone behind the irido- 
corneal angle and close to the circumference of 
Fig. 1018. — The vessels of the the iris; they are well developed in hyper- 

metropic, but are rudimentary or absent in 
of a c lid. (Arnold.) x 0. myopic, eyes. The Ciliaris muscle is the chief 



agent in accommodation, i.e. in adjusting the 
eye to the vision of near objects. When it con- 
tracts, it draws forwards the ciliary processes, 
relaxes the suspensory ligament of the lens, and 
thus allows the lens to become more convex. 

The iris has received its name from the 
various colours it presents in different indi- 
viduals. It is a thin, circular, contractile 
disc, suspended in the aqueous humour be- 
tween the cornea and the lens, and perforated 
a little to the nasal side of its centre by the 
circular aperture of the pupil. Its periphery 
is continuous with the ciliary body, and is also 
connected with the posterior elastic lamina 
of the cornea by means of the pectinate liga- 
ment ; its flattened surfaces look forwards and 
backwards, the anterior towards the cornea, 
the posterior towards the ciliary processes 
and lens. The iris divides the space between 
the lens and the cornea into an anterior and 
a posterior chamber (fig. 1012). The anterior 


a. Capillary network of the anterior part chamber of the eye is bounded in front by the 

f serrata. posterior surface of the cornea, behind by the 

c. Arteries supplying the ciliary processes -S , « , , . . t i 

and passing into the iris e, f. The capillary front of the iriS, and, opposite the pupil, by 
network close to the pupillary margin of the The 

posterior chamber is a narrow chink behind the 


iris, and in front of the lens and its suspensory ligament. In the adult the two 
chambers communicate through the pupil, but in the foetus up to the seventh 
month they are separated by the pupillary membrane (p. 1171). 

The colour of the iris is produced by the reflection of light from dark 
pigment-cells underlying a translucent tissue, and is therefore determined by 


the amount of the pigment and its distribution throughout the texture of the 
iris. The number and the situation of the pigment-cells differ in different irises. 
In the albino pigment is absent ; in the various shades of blue eyes the pigment- 
cells are confined to the posterior surface of the iris, whereas in grey, brown, 
and black eyes pigment is found also in the cells of the stroma and in 


those of the endothelium on the front of the iris. 


Structure. — The iris is composed of the following structures : 

1. In the front there is a layer of flattened endothelial cells, placed on a delicate 
hyaline basement-membrane. This layer of cells is continuous with the endothelium 
covering the posterior elastic lamina of the cornea, and in individuals with dark- 
coloured irises the cells contain pigment-granules. 

2. The stroma of the iris consists of connective tissue fibres and cells. A few fibres at 
the circumference of the iris have a circular direction; but the majority are arranged 
radially, forming, by their interlacement, delicate meshes, in which the vessels and 
nerves are contained. Interspersed between the bundles of connective tissue there 
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are numerous branched cells with fine processes. In dark eyes many of these cells contain 
pigment-granules, but in blue eyes .and the eyes of albinos they are unpigmented. 

3. The muscular fibres are involuntary, and consist of circular and radiating fibres. 
The circular fibres form the Sphincter pupiUae; they are arranged in a band about 1 mm. 
wide which surrounds the margin of the pupil, towards the posterior surface of the 
iris ; those near the free margin of the 

band are closely aggregated; those Fig. 1019. — diagrammatic representation of 
near the periphery are somewhat separ- the course of the vessels of the eye. Horizon- 

ated and form incomplete circles. The tal section. (Leber.) Arteries and capillaries 

radiating fibres form the Dilatator »' veins blue. 


pupillse and lie close to the posterior 
surface of the iris ; they converge from 
the circumference towards the centre, 
and blend with the circular fibres near 
the margin of the pupil. 

4. The posterior surface of the iris 
is of a deep purple tint, being covered 
by two layers of pigmented epithelial 
cells, continuous at the periphery of 
the iris with the ciliary part of the 
retina. This pigmented epithelium is 
often named the pars iridica retince. 

Vessels and Nerves , — ^The arteries 
of the iris are derived from the long 
posterior and the anterior ciliary 
arteries, and from the vessels of the 
ciliary processes. Each of the two 
long ciliary arteries, on reaching the 
attached margin of the iris, divides 
into an upper and a lower branch; 
these anastomose with corresponding 
branches of the artery from the op- 
posite side and with the anterior ciliary 
arteries, and form a vascular circle 
(cir cuius arteriosus major). From this 
circle vessels converge to the free 
margin of the iris, and there communi- 
cate and form a second circle {circulus 
arteriosus minor) (fig. 1020). 

The nerves of the choroid and iris are 
the long and short ciliary nerves ; the 
former are branches of the nasociliary 
nerve, the latter of the ciHary ganglion. 
They pierce the sclera around the en- 
trance of the optic nerve, run forwards 
in the perichoroidal space, and supply 
the blood-vessels of the choroid and 
the ciliary muscle. After reaching the 
iris they form a plexus around its 
attached margin ; from this non- 
meduUated fibres are derived which 
end in the Sphincter and Dilatator 



0. Entrance of optic nerve, a. Short posterior ciliary 
arteries, b. Long posterior ciliary arteries, c. Anterior 
ciliary vessels, d. Posterior conjunctival vessels, d. Ant- 
erior conjunctival vessels, e. Central vessels of the retina. 
f. Vessels of the inner sheath of the optic nerve, g. Vessels 
of the outer sheath, h. Vorticose veins, i. Short posterior 
ciliary vein. Jc. Branches of the short posterior ciliary 
arteries to the optic nerve. 1. Anastomosis of choroidal 
vessels with those of optic nerve, m. Choriocapillaris. 
n. Episcleral vessels, o. Eecurrent artery of the choroid. 
p. Circulus arteriosus major (in section), q. Vessels of iris, 
f. Vessels of ciliary process, s. Branch from ciliary muscle 
to vorticose vein. t. Branch from ciliary muscle to anterior 
ciliary vein. u. Sinus venosus sclerse. v. Capillary loop 
at margin of cornea. 


pupillae. Orfier fibres from the plexus 


end in a network on the anterior surface of the iris. The fibres derived through the motor 
(parasympathetic) root of the ciliary ganglion from the oculomotor nerve supply the 
Sphincter pupill® and the Ciliaris muscle ; the sympathetic fibres in the long ciliary nerves 
supply the Dilatator pupillae. 


Membrana pupillaris. — ^In the foetus, the pupil is closed by a delicate, vascular mem- 
brane, termed the pupillary membrane (p. 128). The vessels of this membrane are partly 
derived from those of the margin of the iris and partly from those of the capsule of the lens ; 
they end in loops a short distance from the centre of the membrane, which is thus left free 
from blood-vessels. About the sixth month of foetal life the membrane begins to disappear 
by absorption from the centre towards the circumference, and at birth only a few fragments 
are present ; in exceptional cases it persists. 
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III. The Retina (fig. 1012) 

The retina is a delicate, nervous membrane, which is specially adapted for 
the reception of light stimuli. Its outer surface is in contact with the choroid ; 
its inner with the hyaloid membrane of the vitreous body. Posteriorly it is 
continuous with the optic nerve ; it gradually diminishes in thickness from 
behind forwards and, just behind the ciliary body, it presents a jagged margin 
named the ora serrdta. Here the nervous tissues of the retina end, but a thin 
prolongation of the membrane extends forwards over the back of the ciliary 
processes and iris, forming the ciliary and iridial parts of the retina. This 
forward prolongation consists of the pigmented layer of the retina together with 


Fig. 1020. — ^The iris, viewed from in front, with its oirculiis arteriosus major and 
oirculus arteriosus nainor. (Testut.) 


a 



a. Choroid. 6. Ciliaris muscle, c. Iris. d. Pupil. 1 and 1'. The two long ciliary arteries with 2, 
their ascending branches of bifurcation ; 3, their descending branches of bifurcation. 4. The anterior 
ciliary arteries. 5. Ciroulus major ; 6, its branches radiating through the iris. 7. Oirculus minor 
around the pupil. 


a stratum of columnar epithelium ; in the pars iridica retinae both layers of 
epithelium are cubical and pigmented. The retina is soft, translucent, and of a 
purple tint in the fresh state, owing to the presence of a colouring material, 
named rhodopsin, or visual purple ; but it soon becomes clouded, opaque, and 
bleached when exposed to light. Near the centre of the posterior part of 
the retina there is an oval, yellowish area, named the macula lutea, where the 
visual sense is most perfect ; it shows a central depression, termed the fovea 
centralis (fig. 1021). At the fovea centralis the retina is exceedingly thin, 
and the dark colour of the choroid is distinctly seen through it. About 3 mm. 
to the nasal side of the macula lutea the optic nerve pierces the retina at the 
optic disOi which has a diameter of about 1*5 mm. The circumference of 
the disc is slightly raised, while the central part presents a depression. The 
centre of the disc is pierced by the central artery and vein of the retina 
(fig. 1012). The optic disc is insensitive to light, and is termed the ‘blind 
spot.’ 

Structure (figs. 1023, 1024). — The retina consists of an outer pigmented layer and 
an inner nervous stratum or retina proper. 
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The pigmented layer is a single stratW of cells. When viewed from the outer surface 
these cells are smooth and hexagonal in shape ; when seen in section each cell consists of 
an outer non-pigmented part containing a large oval nucleus, and an inner pigmented 
portion which extends as a 


of straight thread-like 
processes between the rods 
(fig. 1024), the amount of pig- 
ment between the rods being 
greater when the eye has been 
exposed to light. In the eyes 
of albinos the cells of the layer 
are destitute of pigment. 

Eetina proper. — ^The nervous 
structui’es of the retina proper 
are supported by a series of 
non-nervous, or sustentacular, 
fibres, and, when examined 
microscopically by means of 
sections made perpendicular to 
the surface of the retina, are 
found to comprise seven layers, 
named from within outward as 
follows : 


Fig. 1021. — ^The interior of the posterior half of the 
left eyeball. 


1. Stratum opticum. 

2. Ganglionic layer. 

3. Inner plexiform layer. 

4. Inner nuclear layer. 

5. Outer plexiform layer. 

6. Outer nuclear layer. 

7. Layer of rods and cones. 


Macula 

lutea 


Sclera 
Choroid 
Retina 


1. The stratum opticum or , . , . .... 

Uyer of nerve-fibres m formed “ appeaiance tliaa the aitenes. 

by the expansion of the fibres 

of the optic nerve ; it is thickest near the optic disc, gradually diminishing towards the 
ora serrata. As the nerve-fibres pass through the lamina cribrosa scleras (p. 1165), they lose 


Fig, 1022. — horizontal section through the terminal portion of the optic nerve 
and its entrance into the eyebaU. (From Toldt’s Atlas, published by Messrs. 
Bebman, Ltd., London.) 


Retina 
Choroid — | 

Sclera 


Posterior 
hort ciliary 
artery and 
vein 

Pied sheath 
Arachnoidal 
sheath 

Dural sheath 
Intervaginal space^ 


Lamina Raised margin of optic disc 

cribrosa of sclera 



Bundles of optic nerve 


Central artery and vein of retina 


their medullary sheaths and are continued onwards through the choroid and retina as 
simple axis-cylinders. When they reach the internal surface of the retina they radiate 
from their point of entrance over this surface, grouped in bundles which communicate with 
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one another and form an intricate network. Most*of the fibres are centripetal and are the 
continuations of the axis-cylinder processes of the cells of the ganglionic layer, but a few 

are centrifugal ; these originate in the brain and ramify in 
the inner plexiform and inner nuclear layers of the retina, 
where they end. 

2. The ganglionic layer consists of a single layer of large 
nerve-cells, except in the macula lutea, where there are 
several strata. The cells are somewhat fiask-shaped, the 
rounded internal surface of each resting on, and 
sending an axon into, the stratum opticum. From 
the opposite end numerous dendrites extend into 
the inner plexiform layer, where they form flattened 
arborisations at different levels. The ganglion-cells vary 
much in size, and the dendrites of the smaller ones as a 
rule arborise in the inner plexiform layer as soon as they 
enter it ; while those of the larger cells ramify close to the 
inner nuclear layer. 

3. The inner plexiform layer is made up of a dense 
reticulum of minute fibrils formed by the interlacement of 
the dendrites of the ganglion-cells with the processes of the 
cells of the inner nuclear layer ; within this reticulum a 
few branched cells are imbedded. 

4. The inner nnclear layer is made up of a number of 
closely packed cells, of which there are three varieties, viz. 
bipolar cells, horizontal cells and amacrine cells. 

The bipolar cells, by far the most numerous, are divisible 
into rod- and cone-bipolars. They are round or oval in shape, 
and each is prolonged into an inner and an outer process. 
The inner processes of the rod-bipolars run through the inner plexiform layer and arborise 
around the outer parts of the cell-bodies of the ganglionic layer ; their outer processes 
end in the outer plexiform layer in tufts of fibrils around the button-like ends of the inner 
processes of the rod-granules. The inner processes of the cone-bipolars ramify in the inner 
plexiform layer in contact with the dendrites of the ganglionic cells ; their outer processes 
pass into the outer plexiform layer, where they divide and form arborisations with the 
expanded foot-plate of the inner processes of the cone-granules. 

The horizontal cells lie in the outer part of the inner nuclear layer and possess somewhat 
flattened cell-bodies. Their dendrites divide into numerous branches in the outer plexiform 
layer, while their axons run horizontally for some distance and finally ramify in the same 
layer. 

The amacrine cells are placed in the inner part of the inner nuclear layer, and were so 
named under the supposition that they were destitute of axons. It is now known that 
some, at least, possess axons. Their dendrites undergo extensive ramification in the inner 
plexiform layer. 

5. The outer plexiform layer is much thinner than the inner ; but, like it, consists of a 
dense network of minute fibrils derived from the processes of the horizontal cells, and 
the outer processes of the rod- and cone-bipolar cells of the preceding layer, which 
arborise around the enlarged ends of the rod-fibres and the branched foot-plate of the 
cone-fibres. 

6. The ovier nuclear layer, — ^Like the inner nuclear layer, this contains several strata of 
oval cells ; they are of two kinds, viz. rod-granules and cone-granules, the former being 
connected with the rods, the latter with the cones, of the next layer. The rod-granules 
are much the more numerous, and are placed at different levels throughout the layer ; in 
some animals they present a cross-striped appearance. A fine process is prolonged from 
each extremity of each cell ; the outer process is continuous with a rod of the layer of 
rods and cones ; the inner process ends in the outer plexiform layer in an enlarged extremity 
and is imbedded in the tuft into which the outer processes of the rod-bipolar cells break 
up ; in its course it presents numerous varicosities. The cone-granules, fewer in number 
than the rod-granules, are placed close to the membrana limitans externa, through which 
they are continuous with the cones of the layer of rods and cones. Each contains a spheroidal 
nucleus which almost completely fills the granule. From the inner extremity of each cone- 
granule a thick process passes into the outer plexiform layer, and there expands into a 
pyramidal enlargement or foot-plate, from which are given off numerous fine fibrils that 
come in contact with the outer processes of the cone-bipolars. 

7 . The layer of rods and cones. — ^The elements composing this layer are of two kinds, 
rods and cones, the former being much more numerous than the latter except in the macula 
lutea. The rods are cylindrical, of nearly uniform thickness, and are arranged perpend- 
icularly to the surface. Each rod consists of two segments, an outer and an inner, of 
about equal lengths. The segments differ from each other as regards refraction and in their 
behaviour towards colouring reagents ; the inner segment is stained by carmine, iodine, 


Fia. 1023. — A section through 
the retina. (Magnified.) 



a. Membrana limitans interna, 
b. Stratum OTticum. c. Ganglionic 
layer, d. Inner plexiform layer. 
e. Inner nuclear layer, f. Outer 
plexiform layer, g. Outer nuclear 
layer, h, Membrana limitans ex- 
terna. i. Layer of rods and cones.. 
k. Pigmented layer, m. Fibres of 
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etc. ; the outer segment is not stained by these reagents, but is coloured yellowish-brown 
by osmic acid. The outer segment is marked by transverse striae, and tends to break up 
into a number of thin superimposed discs ; it also exhibits faint longitudinal markings. 
The inner part of the mner segment is indistinctly granular ; the outer part is longitudinally 
striated, being composed of fine, highly refracting fibrils. The visual purple or rhodopsin 
is found only in the outer segments of the rods. 

The cones are conical, their broad ends resting upon the membrana 1iTm‘T.fl.nsi externa, 
the pointed extremities being turned to the choroid. Like the rods, each is made up of 
two segments, outer and mner ; the outer segment is a short conical process, which, like 
the outer segment of a rod, exhibits transverse striae. The inner segment resembles the 
mner segment of a rod in structure, presenting an outer striated and an inner granular part, 
but ^ers from it in size and shape, being flask-shaped. The optical characters of the two 
portions are identical with those of the rods. 


Fig. 1024. — plan of the retinal neurones. (After Ramon y Cajal.) 
Membrana 



framework of the The nervous layers of the retina are connected 

together by a supporting framework, formed by the sustentacular fibres (fig. 1024) ; these 
fibrM pass througli aU nervous layers, except that of the rods and cones. Each fibre 
“““ ^aoe of the retina by an expanded, often forked, base, which some- 
^ spheroidal body, staining deeply with hsematoxylin ; the edges of the 
bases of adjonung fibres are united to form the membrana limitans interna. As the sus- 
w *1^? «’>^^tuni opticum and the gangfionic layer they send 

off a few lateral branches ; m the inner nuclear layer they give off numerous lateral 
procesMs for the support of the bipolar cells, while in the outer nuclear layer they form a 

mmibrarM limiUms exUma at the bases of the rods and cones. 
Mcl^. ^ sustentacular fibre contains a clear ovai 

/Otea centralis.— At the fovea centralis there are no 
thinner than in other parts of the retina. The nerve- 
fwu margin of the fovea, and the other retinal layers are extremely 

to. The pigment-cells are large and well-marked. At the circumfeLce of th^ov^ 
the retma rapidly moreases m thickness, so that this part of the macula lutea has a ereater 
depth tto any other part of the retina. AU the k/ers are involved in to toea^S 
especiaUy the gangliomc kyer, in which the cells are six to eight deep. The yello-^wlour 
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of the macula seems to imbue all the layers except that of the rods and cones ; it is deepest 
towards the centre of the macula, and does not appear to be due to pigment-cells, but 
simply to a staining of the constituent parts. 

At the ora serrata the nervous layers of the retina end abruptly, and the retina is con- 
tinued onwards as a single layer of columnar cells along with the pigmented layer. This 
double layer is known as the ciliary part of the retina, and can be traced forwards from the 
ciliary processes on to the back of the iris, where it is termed the iridial part of the retina 
(p. 1172). 

The central artery of the retina (fig. 1021) and its accompanying vein pierce the lower and 
medial surface of the optic nerve, and enter the bulb of the eye at the centre of the optic 
disc. The artery immediately bifurcates into an upper and a lower branch, and each of 
these again divides into a nasal and a temporal branch, which at first run between the 
hyaloid membrane and the nervous layer ; but they soon enter the latter, and pass forwards, 
dividing dichotomously. Erom those branches a. minute capillary plexus is given' off, 
which does not extend beyond the inner nuclear layer. The macula receives two small 
branches (superior and inferior macular arteries) from the temporal branches, and small 
twigs directly from the central artery ; these do not, however, reach as far as the fovea 
centralis, which has no blood-vessels. The branches of the arteria centralis retinae do not 
anastomose with each other — ^in other words, they are terminal arteries. In the foetus, a 
small vessel, termed the hyaloid artery, passes forwards as a continuation of the central 
artery of the retina through the vitreous humour to the posterior surface of the capsule of 
the lens. 


The REFBAOTTcra Media of the Eye 

The refracting media of the eye are the aqueous humour, the vitreous body 
and the lens. 


I. The AQTjiEJOUs Humour 

The aqueous humour fills the anterior and posterior chambers of the 
eyeball (fig. 1012). It is small in quantity, has an alkaline reaction, and 
is a dilute saline solution, derived from the blood plasma. It is secreted 
into the posterior chamber from the vessels of the iris and the ciliary 
processes. It escapes from the iridocorneal angle of the anterior chamber 
into the anterior ciliary veins, through the spaces of the angle and the 
sinus venosus sclerse. 

Applied Anatomy. — ^Interference with the resorption of the aqueous humour into the 
sinus venosus sclerse results in increase of the intra-ocular tension — the condition known 
as glaucoma. The optic disc becomes cupped and, owing to degenerative changes in the 
nervous elements of the retina produced by pressure, blindness eventually results. The 
operation of iridectomy, performed in the earlier stages of the disease, re-establishes the 
flow of the aqueous humour from the posterior chamber to the anterior, in cases where the 
disease is due to adhesions between the iris and the lens. 


II. The ViTREOtrs Body 

The vitreous body (fig. 1012) occupies about four-fifths of the eyeball. It 
fills the concavity of the retina, and is hollowed in front, forming a deep con- 
cavity, termed the hyaloid fossa, for the reception of the lens. It is transparent, 
of the consistence of thin jeUy, and is enclosed in a delicate transparent mem- 
brane, named the hyaloid membrane. It has been supposed by Hannover, that 
from the surface of the hyaloid membrane numerous thin lamellae are prolonged 
inwards in a radiating manner, forming spaces in which the jelly is contained. 
In the adult, these lamellae cannot be detected even after careful microscopical 
examination in the fresh state, but in preparations hardened in weak chromic 
acid it is possible to make out a distinct lamellation at the periphery of the 
vitreous body. The hyaloid canal, which is filled with lymph and lined by a 
prolongation of the hyaloid membrane, runs forward through the vitreous body 
from the entrance of the optic nerve to the posterior surface of the lens. In the 
embryonic vitreous body this canal conveyed the hyaloid artery from the 
central artery of the retina to the back of the lens. 
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The vitreous body consists of 98-6 per cent, water, with some salts and a 
little protein. 

The hyaloid membrane envelops the vitreous body. The portion in front 
of the ora serrata is thickened by the accession of radial fibres and is termed 
the zonula ciliaris. Here it presents a series of radially arranged farrows, in 
which the ciliary processes are acconimodated and to which they adhere, as is 
shown by the fact that when they are removed 
some of their pigment remains attached to the 
zonula. The zonula ciliaris splits into two layers, 
one of which is thin and lines the hyaloid fossa 
of the vitreous body ; the other, named the 
suspensory ligament of the lens, is thicker and 
passes over the ciliary body to be attached to 
the capsule of the lens a short distance in front 
of its equator. Scattered and delicate fibres are 
also attached to the region of the equator itself. 

This ligament retains the lens in position, and 
is relaxed by the contraction of the meridional 
fibres of the COiary muscle, so that the lens is 
allowed to become more convex. Behind the suspensory ligament there is a 
sacculated canal, named the spatia zonularia, which encircles the equator of 
the lens ; it can be easily inflated through a fine blowpipe inserted imder the 
suspensory h’gament. 

No blood-vessels penetrate the vitreous body ; so that its nutrition must 
be carried on by the vessels of the retina and ciliary processes, situated upon 
its exterior. 



III. The Lens 

The lens (fig. 1012), enclosed in its capsule, is situated immediately behind 
the iris, in front of the vitreous body, and is encircled by the ciliary processes, 
which slightly overlap its margin. 

The capsule of the lens is a transparent, structureless membrane which 
closely surrounds the lens, and is thicker m front than behind. It is brittle 
but highly elastic, and when it is ruptured the edges roll up with the outer surface 
innermost. The lens rests, behind, in the hyaloid fossa on the fore-part of 


Fig. 1026. — diagram showing the direction and arrangement of the radiating lines 
on the foetal lens. a. On the hack. b. On the front. 




the vitreous body ; in front, it is in contact with the free border of the iris, 
but recedes from it at the circumference, thus forming the posterior chamber 
of the eye ; it is retained in its position chiefly by the suspensory ligament 
already described. 

The lens is a transparent, biconvex body, the convexity of its anterior being 
less than that of its posterior surface. The central points of these surfaces are 
termed respectively the anterior and posterior poles ; a line connecting the poles 
constitutes the axis of the lens, while the marginal circumference is termed the 
equator. 

Structure.— The lens is made up of soft cortical substance and a firm, central part, the 
so-called nucleus (fig. 1025). Faint sutural lines [radii lentis] radiate from the poles to the 
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equator. In the adult there may be six or more of these lines, but in the foetus there are 
only three, and these* diverge in a Y-shaped manner at angles of 120 ° ; on the anterior 
surface the Y is upright (fig. 1026, B) ; on the post- 
erior surface the Y is inverted (fig. 1026, A).* These 1028. — A section through the 

lines correspond with the free edges of septa com- margm of the lens, showing the 

posed of an amorphous substance, which dip into transition of the columnar epi- 

the substance of the lens. When the lens has been thelium into the lens-fibres. 

hardened it is seen to consist of a series of concentric- (Babuchin.) 


ally arranged laminae, each of which is interrupted 
at the septa referred to. Each lamina is built up 
of a number of ribbon-like lens-fibres, the edges of 
which are more or less serrated — the serrations fitting 
between those of neighbouring fibres, while the ends 
of the fibres come into apposition at the septa. The 
fibres run in a curved manner from the septa on 
the anterior surface to those on the posterior surface. 
No fibres pass from pole to pole ; they are arranged 
in such a way that those which begin near the pole on 


Fig. 1027. — Profile views of the lens at different 
periods of life. 



2. 5. 


1. In tbe foetus. 2. In adult life. 8. In old age. 

one surface of the lens end near the peripheral ex- 
tremity of the plane on the other, and vice versa. 
The fibres of the outer layers of the lens are nucleated, 
and together form a nuclear layer, most distinct 
towards the equator. The anterior surface of the 
lens is covered by a layer of transparent, nucleated 
columnar epithelium. At the equator the cells be- 
come elongated, and their gradual transition into 
lens-fibres can be traced (fig. 1028). 

In the fcetus, the lens is nearly spherical 
and has a slightly reddish tint ; it is soft and 
breaks down readily on the slightest pressure. 
A small branch (hyaloid artery) from the 
central artery of the retina runs forwards 
through the vitreous body to the posterior 
part of the capsule of the lens, where its 
branches radiate, forming a plexiform net- 
work which covers the posterior surface of the 
capsule, and is continuous round the margin 
of the capsule with the vessels of the pupillary 
membrane and with those of the iris. In the 
adult, the lens is colourless, transparent, firm 
in texture and devoid of vessels. In old 
age, it becomes flattened on both surfaces, 
slightly opaque, of an amber tint and in- 
creased in density (fig. 1027). 



Vessels and Nerves . — ^The arteries of the eyeball are the long, short, and anterior ciliary 
arteries, and the central artery of the retina. They have already been described (pp. 1171 
and 1176). 


* Consult an article on “ The Anatomy of the Living Eye as Revealed by the Gullstrand 
Slit-lamp,” by Ida C. Mann {Journal of Anatomy, vol. lix. p. 155). 
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The ciliary veins are seen on the outer surface of the choroid, and are named, from 
their arrangement, the vence vorticosce ; they converge to four or five equidistant trunks, 
which pierce the sclera midway between the sclerocomeal junction and the optic disc. 
Another set of veins accompanies the anterior ciliary arteries. AU these veins open into 
the ophthahnic veins. 

The ciliary nerves are derived from the nasocihary nerve and from the ciliary ganglion. 

Applied Anatomy . — ^In the condition termed cataract the lens gradually becomes 
opaque and blindness ensues. In such cases sight may be restored by extraction of the lens 
and the provision of suitable glasses. 


The Accbssoey OsaANS of the Eye 

The accessory organs of the eye include the orbital muscles, the fasciae, the 
eyebrows, the eyelids, the conjunctiva and the lacrimal apparatus. 

The Orbital Muscles 

The orbital muscles are the : 

Levator palpebrae superioris. Rectus mediaUs. 

Rectus superior. Rectus lateraUs. 

Rectus inferior. Obliquus superior. 

Obliquus inferior. 

The Levator palpebrae superioris (figs. 1029, 1030) is thin and triangular in 
shape. It arises from the under siirface of the lesser wing of the sphenoid 
bone, above and in front of the optic foramen, from which it is separated by 


Fig. 1029. — sagittal section through the right orbital cavity. 
Tendon of Obliquus superior 
Orbital plate of frontal bone 
Levator palpebrae superioris 
Rectus 



Optic nerve 

Rectus inferior 
Roof of mojxiUary sinus 

Obliquus inferior 


Orbicularis oculi 
Superior tarsus 
Upper eydid 


> 

Lower eyelid 
nferior tarsus 
Orbicularis oculi 


the origin of the Rectus superior. At its origin, it is narrow and tendinous but 
soon becomes broad and fleshy, the medial margin of the muscle being almost 
straight, while the lateral margin is concave. The muscle ends anteriorly in 
a wide aponeurosis which splits into two lamellae. Some of the fibres of the 
superficial lamella are attached to the anterior surface of the superior tarsus 
(p. 1185), while others radiate and pass through the overlying Orbicularis oculi 
to the skin of the upper eyelid. The deep lamella consists of non-striped 
muscular fibres * ; it is attached directly to the upper margin of the superior 
tarsus and is covered by conjunctiva on its inferior surface. 

The fascial sheaths of the Levator palpebrae superioris and Eectus superior fuse. Where 
the two muscles separate to reach their insertions, the fascia between them forms a thick 

* layer (rf non-striped muscle is also present in the lower eyelid ; it unites the inferior 
tarsus to the Obhquus inferior. 
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mass whicli is iixed to the superior conjunctival fornix and is described as an additional 
insertion of the Levator palpebrsB superioris. When traced laterally the aponeurosis of 
the Levator palpebrse superioris passes between the lacrimal gland and its palpebral process, 
and is fixed to a tubercle on the zygomatic bone, just within the orbital margin (p. 326). 
When traced medially the aponeurosis loses its tendinous nature as it passes over and comes 
into close contact with the reflected tendon of the Obliquus superior, whence it can be 

Fig. 1030. — A diagram of the Levator palpebrae superioris, showing its connexions. 
(From Whitnall’s Anatomy of the Human Orbit , Oxford Medical Publications.) 



Superficial lamella of aponeurosis: M, Deep lamella (Miiller’s muscle) ; P, Interval between 
superficial and deep lamell® of aponeurosis ; 2?, Tarsus ; /S', Orbital septum. 

followed with difficulty towards the medial palpebral ligament in the form of loose strands 
of connective tissue. When the Levator palpebrse contracts the upper eyelid is raised, but 
the lateral and medial parts of the aponeurosis are stretched and limit the action of the 
muscle ; the elevation of the upper eyelid is checked also by the orbital septum. 

The four Recti (figs. 1031, 1032) arise j&’om a fibrous ring which surrounds the 
upper, medial, and lower margins of the optic foramen (fig. 1032), and is termed 


Fig. 1031. — ^The muscles of the right orbit. Lateral aspect. 



the common tendinous ring (annulus tendineus communis) ; the fibrous ring is 
continued across the lower and medial part of the superior orbital fissure and 
is attached to a tubercle on the margin of the greater wing of the sphenoid bone. 
The ring is closely adherent to the sheath of the optic nerve and to the surround- 
ing periosteum ; within it are (1) the optic foramen transmitting the optic 
nerve and ophthalmic artery, and (2) the medial part of the superior orbital 
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fissure which transmits the two divisions of the oculomotor nerve, the naso- 
ciliary nerve, and the abducent nerve. The superior ophthalmic vein may pass 
through, or above, the ring ; the inferior ophthalmic vein through, or below, 
the ring. Two specialised parts of this fibrous ring may be made out : a lower, 
which gives origin to the Rectus inferior, a part of the Rectus medialis, and the 
lower fibres of the Rectus lateralis ; and an upper, which gives origin to the 
Rectus superior, the other part of the Rectus medialis, and the upper fibres of 
the Rectus lateralis ; a second small tendinous head of origin of the Rectus 
lateralis arises from the orbital surface of the greater wing of the sphenoid 
bone, lateral to the tendinous ring. Each muscle passes forward in the position 
implied by its name, to be inserted by a tendinous expansion into the sclera, 
about 6 mm. from the margin of the cornea.* 

The Obliquus superior is a fusiform muscle, placed at the upper and 
medial side of the orbit. It arises above the optic foramen, superior and 


Fig. 1032. — Scheme to show the common tendinous ring, the origins of the Recti, 
and the relative positions of the nerves entering the orbital cavity through 
the superior orbital fissure. (Modified from a figure in Whitnall’s Anatoyny 
of the Human Orbit, Oxford Medical Publications.) 


Rectus superior 



The ophthalmic veins frequently pass through the common tendinous ring. 


medial to the origin of the Rectus superior, and, passing forwards, ends in 
a round tendon, which plays in a fibrocartilaginous ring or pulley attached 
to the trochlear fossa of the frontal bone. The contiguous surfaces of the 
tendon and ring are lubricated by a deKcate synovial sheath. After traversing 
the pulley the tendon passes backwards, laterally and downwards below the 
Rectus superior, to the lateral part of the eyeball, and is inserted into the 
sclera, behind the equator of the eyeball, and between the Rectus superior and 
Rectus lateralis. 

The Obliquus inferior is a thin, narrow muscle, placed near the anterior 
margin of the fioor of the orbit. It arises from the orbital surface of the maxilla 
lateral to the nasolacrimal ^oove. Passing laterally, backwards and upwards, 
at first between the Rectus inferior and the fioor of the orbit, and then between 
the eyeball and the Rectus lateralis, it is inserted into the lateral part of the 
sclem between the Rectus superior and Rectus lateralis, near to, but somewhat 
behind, the insertion of the Superior oblique muscle. 

Nerves.— The Levator palpebr^ superioris, the Obhquus inferior, and the 
ecti superior, inferior et medialis are supplied by the oculomotor nerve : the 
Obhquus superior, by the trochlear nerve ; the Rectus lateralis, by the abducent 
nerve. 


R insertions of the Recti from the margin of the cornea are : 

ra^e^Sr ^ “fenor, 6-S mm. ; Rectus lateraUs, 6-9 mm. ; Rectus 
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Actions. — The Levator palpebrse raises the upper eyelid, and is the direct 
antagonist of the Orbicularis oculi. The four Recti are attached to the eyeball 
in such a manner that, acting singly, they will turn its corneal surface either 
upwards, downwards, medially, or laterally, as expressed by their names. 
The movement produced by the Rectus superior and by the Rectus inferior is 
not quite a simple one, for inasmuch as each passes obliquely laterally and 
forwards to the eyeball, the elevation or depression of the cornea is accom- 
panied by a certain deviation medially, with a slight amount of rotation. These 
latter movements are corrected by the oblique muscles. The obliquus inferior 
rotates the eyeball so as to turn its corneal surface upwards and laterally. 
When the eye is directed upwards, it corrects the medial deviation caused by 
the Rectus superior. The obhquus superior rotates the eyeball so as to turn its 
corneal surface downwards and laterally. When the eye is directed downwards, 
the superior oblique corrects the medial deviation caused by the Rectus inferior. 
The contraction of the Rectus lateralis or Rectus medialis, on the other hand, 
produces a purely horizontal movement. If any two neighbouring Recti of 
one eye act together they carry the globe of the eye in the diagonal of these 
directions, viz. upwards and medially, upwards and laterally, downwards and 
medially, or downwards and laterally. Sometimes the corresponding Recti of 
the two eyes act in unison, and at other times the opposite Recti act together. 
Thus, in turning the eyes to the right, the Rectus lateralis of the right eye acts 
in unison with the Rectus mediahs of the left eye ; but if both eyes are directed 
to an object in the median plane at a short distance, the two medial Rectus 
muscles act in unison. The movement of circumduction, as in looking round a 
room, is performed by the successive actions of the four Recti. The Oblique 
muscles rotate the eyeball on its transverse and vertical axes, the superior 
directing the cornea downwards and laterally, and the inferior directing it up- 
wards and laterally ; in addition, the oblique muscles rotate the globe of the 
eye round its anteroposterior axis ; these movements are required for the correct 
viewing of an object when the head is moved laterally, as from shoulder to 
shoulder, in order that the picture may fall in aU respects on the same part of 
the retina of either eye. 

A thin layer of non-striped muscle, named the Orhitalis muscle, bridges the 
inferior orbital fissure. 

The fascial sheath of the eyeball (fascia bulbi) (figs. 1033, 1034) is a thin 
membrane which envelops the eyeball from the optic nerve to the sclero comeal 
junction, separating it from the orbital fat and forming a socket in which it 
plays. Its inner surface is smooth, and is separated from the outer surface of 
the sclera by the episcleral space ; this space is traversed by delicate bands of 
connective tissue which extend between the fascia and the sclera. The fascia is 
perforated behind by the ciliary vessels and nerves, and fuses with the sheath of 
the optic nerve and with the sclera around the entrance of the optic nerve. In 
front it blends with the sclera just behind the sclerooorneal junction. It is per- 
forated by the tendons of the orbital muscles, and is reflected on each as a 
tubular sheath. The sheath of the Superior oblique is carried as far as the 
fibrous puUey of that muscle ; that on the Inferior oblique reaches as far as the 
floor of the orbit, to which it gives ofi a slip. The sheaths on the Recti are 
gradually lost in the perimysium, but they give off important expansions. The 
expansion from the Rectus superior blends with the tendon of the Levator 
palpebrse superioris ; that of the Rectus inferior is attached to the inferior 
tarsus. The expansions from the sheaths of the Recti medialis et lateralis are 
strong and triangular in shape, and are attached to the lacrimal and zygomatic 
bones respectively ; as they probably check the actions of these two Recti they 
have been named the medial and lateral check ligaments. Lockwood * described 
a thickening of the lower part of the fascial sheath of the eyeball, which he 
named the suspensory ligament of the eye ; it is slung like a hammock below the 
eyeball, being expanded in the centre, and narrow at its extremities ; it is 
formed by the union of the margins of the sheath of the Rectus inferior with the 
medial and lateral check ligaments. 

The orbital fascia forms the periosteum of the orbit, but is loosely connected 
to the bones. Behind, it is united with the dura mater and with the sheath of 

* C. B. Lockwood, Journal of Anatomy arul Physiology, vol. xx. 
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the optic uerve. In. front, it is connected with the periosteum at the margin of 
the orbit, and sends off a stratum which assists in, forming the orbital septum. 
Prom it two processes are given off : one holds the pulley of the Superior oblique 
muscles in position, the other, named the lacrimal fascia, forms the roof and 
lateral wall of the sulcus in which the lacrimal sac is lodged (p. 1189). 

Applied Anatomy , — ^The positions and exact areas of insertion of the tendons of the 
Recti medialis and lateraKs into the globe of the eye should be carefully examined from 
the front, as the surgeon is often required to divide one or other of the muscles for the 
cure of strabismus. In convergent strabismus, which is the more common form of the 
disease, the eye is turned medially, and the condition may require the division of the Rectus 
medialis. In the divergent form, which is more rare, the eye is turned laterally, the Rectus 

lateralis being especially im- 
plicated. If the deformity pro- 
duced in either case be marked, 
it may be remedied by division 
of one or the other muscle.* 

The converse operation is 
that of advancement, in which 
either the Rectus medialis or 
Rectus lateralis (depending on 
the form of strabismus) is 
shortened. The muscle is ex- 
posed in a similar manner ; its 
tendon is divided, and sutured 
to the globe of the eye in front 
of its previous site of attach- 
ment. 

Removal of the eyeball is 
effected by dividing the con- 
junctiva aU round with scissors 
at its attachment to the cornea, 
after which each ocular muscle 
in turn is picked up on a blunt 
hook and divided close to the 
sclera. The optic nerve is then 
divided with curved scissors 
passed to the back of the orbit ; 
it should be remembered that the perineural sheaths from the meninges are opened 
by this procedure. 

The eyebrows are two arched eminences of skin, which surmount the orbits 
and support numerous short, thick hairs directed obliquely on the surface. 
Pibres of the Orbicularis oculi, Corrugator and frontal belly of the Occipito- 
frontalis are inserted into the skin of the eyebrows. 

The eyelids or palpebree are two thin, movable folds, placed in front of the 
eye, and protecting it, by their closure, from injury. The upper eyelid is the 
larger and more movable, and is furnished with an elevator muscle [the Levator 
palpebrae superioris] (p. 1179) ; the two eyelids unite with each other at their 
extremities. When the eyelids are open, an elliptical space, ternied the palpebral 
fissure [rima palpebrarum], is left between their margins ; the extremities of the 
fissure are called the angles of the eye. 

The lateral angle of the eye is more acute than the medial, and lies in close 
contact with the eyeball. The medial angle is prolonged for a short distance 
towards the nose, and is about 6 mm. away from the eyeball ; the two 
eyelids are here separated by a triangular space, named the lacus lacrimalis, hi 
which a small reddish body, termed the caruncula lacrimalis, is situated (fig. 1035). 
On the margin of each eyelid, at the basal angles of the lacus lacrimalis, there is 
a small conical elevation, termed the lacrimal papilla, the apex of which is 
pierced by the commencement of the lacrimal canaliculus. This minute orifice 
(fig. 1035) is known as the punctum lacrimale. 

The eyelashes are attached to the free edges of the eyelids from the lateral 
angle of the eye to the lacrimal papiQse. They are short, thick, curved hairs, 
arranged in double or triple rows : those of the upper eyelid, more numerous 
and longer than those of the lower, curve upwards ; those of the lower eyehd 
curve downwards so that the upper and lower eyelashes do not interlace when 


Fig. 1035. — ^The front of the left eye with the eyelids 
separated to show the plica semilunaris, caruncula 
lacrimalis and puncta lacrimalia. 


Functum lacrimale 
Plica semilunaris. 
Caruncula lacrimalis. 
Punctum lacrimale 
Openings of tarsal 
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the lids are closed. A number of enlarged and modified sudoriferous glands, 
termed ciliary glands, are arranged in several rows close to the free margin of 
each lid and open near the attachments of the eyelashes. 


Structure of the eyelids. — ^From without inwards, each eyelid consists of : skin, sub- 
cutaneous areolar tissue, fibres of the Orbicularis oculi, tarsus and orbital septum, tarsal 


glands and conjunctiva. The upper 
eyelid has, in addition, the aponeurosis 
of the Levator palpebrse superioris 
(fig. 1036). 

The skin is extremely thin, and 
continuous at the margins of the 
eyelids with the conjunctiva. 

The subcutaneous areolar tissue is 
very lax and delicate, and seldom con- 
tains any fat. 

The palpebral fibres of the Orbicu- 
laris oc'di are thin, pale in colour and 
parallel with the palpebral fissure. 

The tarsi (fig. 1037) are two thin 
elongated plates of dense connective 
tissue, about 2-5 cm. long ; one is 
placed in each eyelid and contributes 
to its form and support. The tarsus 
of the upper eyelid, the larger, is of a 
semioval form, about 10 mm. in height 
at the centre, and gradually narrowing 
towards its extremities. The lowest 
fibres of the superficial lamella of the 
aponeurosis of the Levator palpebrae 
superioris are attached to its anterior 
surface, and the deep lamella of the 
same aponeurosis is inserted into its 
upper margin (p. 1179). The tarsus 
of the lower eydid, the smaller, is a 
narrow plate, the vertical diameter of 
which is about 5 mm. The free or 
ciliary margins of the tarsi are thick 
and straight. The attached or orbital 
margins are connected to the circum- 
ference of the orbit by the orbital 
septum. The lateral ends of the tarsi 
are attached by a band, named the 
lateral palpebral ligament, to a tubercle 
on the zygomatic bone, just within the 
orbital margin ; this ligament is sepa- 
rated from the more superficially placed 
lateral palpebral raphe (p. 527) by a 
few lobules of the lacrimal gland. The 
medial ends of the tarsi are attached 
by a strong tendinous band, named 
the medial palpebral ligament -, to the 
upper part of the lacrimal crest, and 


Fig. 1036 . — sagittal section through the upper 
eyelid. (After Waldeyer.) 



a. Skin. b. Orbicularis oculi. V. Ciliary bundle of the 
Orbicularis oculi. c. Levator palpebrse superioris. d. Con- 
junctiva. e. Tarsal glands embedded in the tarsal plate. 
/. Opening of a tarsal gland, g. Sebaceous gland, h. Eye- 
lashes. i. Small hairs of the skin. j. Sweat gland. Tc. Post- 
erior tarsal glands. 


to the adjoining part of the frontal process of the maxilla in front of tbia crest; the 
lower edge of this ligament is separated from the lacrimal sac by some fibres of the 
Orbicularis oculi. 


The orbital septum is a weak membranous sheet, attached to the edge of the 
orbit, where it is continuous with the periosteum. In the upper eyelid it blends 
with the superficial lamella of the aponeurosis of the Levator palpebrae superioris, 
and in the lower eyelid with the anterior surface of the tarsus. It is perforated 
by the vessels and nerves which pass from the orbital cavity to. the face and 
scalp, by the aponeurosis of the Levator palpebrse superioris, and by the pal- 
pebral process of the lacrimal gland. 

The tarsal glands (fig. 1038) are situated between the tarsi and the con- 
junctiva, and may be distinctly seen through the latter on everting the eyelids ; 
they present an appearance like parallel strings of pearls. There are about 
thirty in the upper eyehd, and somewhat fewer in the lower. They are im- 

Q.A. 2 P 



1186 THE ORGANS OP THE SENSES 

bedded in grooves on the deep surfaces of the tarsi and correspond in length 
with the breadth of these plates ; they are, consequently, longer in the upper 


Fig. 1037. — The tarsi and their ligaments. Anterior aspect. (Testut.) 



than in the lower eyelid. Their ducts open on the free margins of the lids by 
minute foramina. 

Structure . — The tarsal glands are modified sebaceous glands, each consisting of a straight 
tube or follicle, with numerous small lateral diverticula. The tubes are supported by a 
basement-membrane and are lined at their mouths by stratified epithelium ; the deeper 
parts of the tubes and the lateral ofishoots are lined by a layer of polyhedral cells. 

The conjunctiva is the mucous membrane which lines the inner sur- 
faces of the eyelids, and is reflected over the fore part of the sclera and 
the cornea. 

The palpebral portion is thick, opaque and highly vascular, and has numerous 
subepithelial connective tissue papillae, its deeper part containing a considerable 

amount of lymphoid 
tissue. At the margins 
of the lids it is continuous 
with the skin, with the 
lining epithelium of the 
ducts of the tarsal glands, 
and, through the lacrimal 
canaliculi, with the lin- 
ing membrane of the 
lacrimal sac and naso- 
lacrimal duct. The line 
of reflection of the con- 
junctiva from the eyelids 
on to the eyeball is 
named the conjunctival 
fornix, and its different 
parts are known as the 
superior and inferior 
fornices ; the ducts of 
the lacrimal gland open 
into the lateral part of the superior fornix. Upon the sclera the conjunctiva is 
loosely connected to the eyeball ; it is thin, transparent, destitute of papillse, 
^ and only slightly vascular. . Upon the cornea, the conjunctiva consists only 
of epithelium, constituting the epithelium of the cornea, already described 
(p. 1166). The epithelium of the palpebral conjunctiva is columnar, that of the 
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ocular conjunctiva and the cornea is stratified squamous. Glands, analogous to 
lymphoid follicles, and called by Henle trachoma glands, are found in the con- 
junctiva, chiefly near the medial angle of the eye. 

The lacrimal caruncle (fig. 1035) is a small, reddish, conical body situated 
in the lacus lacrimalis at the medial angle of the eye ; it consists of a small 
island of skin, and contains sebaceous and sudoriferous glands ; a few slender 
hairs are attached to its surface. Lateral to the caruncula there is a semi- 
lunar fold of conjunctiva [the plica semilunaris], the concavity of which is 
directed towards the cornea. 

Vessels and Nerves. — ^The eyelids receive their blood-supply from the medial palpebral 
branches of the ophthalmic artery and from the lateral palpebral branches of the lacrimal 
artery (p. 722). 

The upper half of the conjunctiva is supplied by the ophthalmic division of the trigeminal 
nerve, and the lower half by the maxillary division. Many of the nerves to the conjunctiva 
end in bulbous corpuscles (p. 1216). 

The lymph vessels of the eyelids and the conjunctiva are described on p. 853, 


The Laceevial Appaeattjs (figs. 1039 to 1041) 

The lacrimal apparatus consists of (a) the lacrimal gland, which secretes 
the tears, and its excretory ducts which convey the fluid to th# surface of the 
eye ; (6) the lacrimal canahcuH, the lacrimal sac, and the nasolacrimal duct, by 
which the fluid is conveyed into the cavity of the nose. 


Fig. 1039. — ^The left lacrimal apparatus. Exposed from the front. 


Lacrimal ducts 
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The lacrimal gland (fig. 1039) is lodged in the lacrimal fossa, on the medial 
side of the zygomatic process of the frontal bone. It is about the size and shape 
of an almond, and its inferolateral aspect sends a palpebral process into the 
lateral part of the upper eyelid. The gland and its process are continuous with 
each other around the lateral edge of the aponeurosis of the Levator palpebrse 
superioris. The lacrimal gland is connected to the periosteum of the orbit by 
a few fibrous bands ; its palpebral process lies below the aponeurosis of the 



1188 


THE ORGANS OF THE SENSES 


Levator palpebrse superioris, and projects into the posterior part of the upper 
eyelid, where it lies upon and is adherent to the conjunctiva. The ducts of the 

glands, from six to twelve in 
Fig. 1040- — A transverse section through a portion number, run obliq^uely beneath 
of the lacrimal gland of a cat. x250. the conjunctiva for a short dist- 

ance, and open along the lateral 
part of the superior conjunctival 
fornix. 

Many, small, accessory lacri- 
mal glands are present in and 
near the conjunctival fornices ; 
they are more numerous in the 
upper lid than in the lower. Their 
existence may explain why the 
conjunctiva does not dry up after 
extirpation of the lacrimal gland 
proper. 


Structure of the lacrimal gland (fig. 
1040). — In structure the lacrimal re- 
sembles the salivary glands (p. 1270), 
but there are no crescents of Gianuzzi. 
It is a compound racemose gland, 
the alveoli of which are lined with 
columnar cells resting on a basement-membrane. The cells contain oval nuclei, and in 
the resting condition are crowded with small, clear vacuoles, which disappear when the 
gland secretes actively ; proto- 

Fig. 1041. — Sketch from a coronal section through the 
right half of the nasal cavity, viewed from the 
front, to show the relation of the lacrimal passages 
to the maxillary and ethmoidal sinuses and the 
inferior nasal concha. The, mucous membrane is 
coloured. (After Gerard, 1907; from Whitnall’s 
Anatomy of the Human Orbit ; Oxford Medical 
Publications.) 



plasmic granules are also present. 
The excretory ducts are lined 
with columnar epithelial cells, but 
these cells do not show the rod- 
like structures of the correspond- 
ing cells in the salivary glands. 


Lacrimal canalicuU 

\ 


The lacrimal canaliculi 
(lacrimal ducts), one in each 
eyelid, are about 10 mm. long ; 
they commence at the puncta 
lacrimalia (figs. 1035, 1039, 

1041). The superior canalic- 
ulus, smaller and shorter than 
the inferior, at first ascends, 
and then bends at an acute 
angle, and passes medially and 
downwards to the lacrimal sac. 

The inferior canaliculus at first 
descends, and then runs almost 
horizontally to the lacrimal 
sac. At the angles they are 
dilated into ampullce. The 
mucous lining of the ducts 
is covered with stratified 
squamous epithelium, placed 
on a basement-membrane, and 
outside the latter there is a 
layer of striped muscular fibres, 
continuous with the lacrimal 
part of the Orbicular! oculi ; 

at the base of each lacrimal papilla- the muscular fibres are circularly arranged 
and form a kind of sphincter. 

The lacrimal sac (fig. 1041) is the upper end of the nasolacrimal duct, and 
is lodged in a fossa formed by the lacrimal bone, the frontal process of the 
maxilla and the lacrimal fascia. It measures about 12 mm. in length ; its 
upper, closed end is flattened from side to side, but its lower part is rounded. 



Nasolacrimal duct' 
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and is continued into the nasolacrimal duct ; the openings of the lacrimal 
canahculi are situated in its lateral wall. 

Relations. — ^A layer of fascia, continuous with the periosteum of the orbit 
and named the lacrimal fascia, passes from the lacrimal crest of the maxilla 
to the crest of the lacrimal bone, and forms the roof and lateral wah of the fossa 
in which the lacrimal sac is lodged ; between the fascia and the lacrimal sac 
there is a minute plexus of veins. The lacrimal fascia separates the sac from 
the medial palpebral ligament in front, and from the lacrimal part of the 


Fig. 1042. — sagittal section through the anterior part of the head of an adult 
female. Left half viewed from within to show the left lateral nasal wall. 

The relative positions of the fossa for the lacrimal sac and the nasolacrimal 
duct are indicated by the white line, x about f . (From Whitnall’^ AndiomT/; - " " 
of the Human Orbit ; Oxford Medical Publications.) " 
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Orbicularis oculi behind. The lower half of the fossa which lodges the lacrimal 
sac is related medially to the anterior part of the middle meatus of the nasal 
cavity ; the upper half is related to the anterior ethmoidal sinuses.* 

Stmctuie.— The laorimal sac consists of a fibro-elastio coat, lined internally by mucous 
membrane ; the latter is continuous, through the lacrimal canaliculi, with the conjunctiva, 
and through the nasolacrimal duct with the mucous membrane of the nasal cavity. 

The tears pass from the superolateral to the inferomedial angle of the con- 
junctival sac, where they enter the puncta lacrimalia. They then traverse 
the lacrimal canaliculi and so reach the lacrimal sac. Their passage across the 
eyeball is effected by the movements of the eyelids and by capilfarity. 

The nasolacrimal duct (figs. 1041, 1042) is a membranous cana*! about 
18 mm. long, which extends from the lower part of the lacrimal sac to the 
anterior part of the inferior meatus of the nose, where it ends in a somewhat 
expanded orifice. A fold of the mucous membrane forms an imperfect valve 
just above the opening and is known as the lacrimal fold [plica lacrimalisj. 
The duct is contained in an osseous canal, formed by the maxilla, the lacrimal 
bone and the inferior nasal concha ; it is narrower in the middle than at either 


S. E. V^itnall {Ophthalmic Review, Nov. 1911) examined 100 skulls and found that in 
14 the anterior ethmoidal air-sinuses came into relation only with the posterior wall of the 
tossa ; in 32 they reached as far forward as the suture between the lacrimal bone and the 

maiolla ; while m 54 one large irregular air-smus extended forward as far as the anterior 
lacrimal crest. autenor 
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end, and is directed downwards, backwards and a little laterally. The mucous 
lining of the lacrimal sac and nasolacrimal duct is covered with columnar 
epithelium which in places is ciliated. 


The Oroah of Hearikq 

The ear or organ of hearing is divisible into 
three parts : the external ear, the middle ear 
or tympanic cavity, and the internal ear or 
labyrinth. 

The External Ear 

The external ear consists of the expanded 
portion named the auricle and the external 
auditory meatus. The former projects from the 
side of the head and serves to collect the air- 
vibrations by which sound is produced ; the 
latter leads inwards from the bottom of the auricle 
and conducts the vibrations to the tympanic 
cavity. 

The auricle (fig. 1043) is of an oval form, with 
its larger end directed upwards. Its lateral 
surface is irregularly concave, looks slightly for- 
wards, and presents numerous eminences and 
depressions. The prominent rim of the auricle is 
called the helix ; where the helix turns downwards posteriorly, a small tubercle 
termed the auricular tubercle, is frequently seen ; this tubercle is very evident 
about the sixth month of foetal life, when the whole auricle has a close 
resemblance to that of some of the adult monkeys. Another curved prominence, 
parallel with and in front of the posterior part of the helix, is called the 
antihelix ] this divides above 

into two crura, between which Pkj, io 44. — The cranial surface of the cartilage 
is a triangulair depression, named 
ihjetriangularfossa. The narrow 
curved depression between 
the hehx and the antihelix is 
called the scajphoid fossa ; the 
antiheHx partly encircles a deep, 
capacious cavity, named the 
concha of the auricle, which is 
incompletely divided into two 
parts by the crus or anterior end 
of the helix. Below the crus of 
the helix and in front of the 
concha, a small, curved flap, 
termed the tragus, projects back- 
wards over the orifice of the 
meatus. . Opposite the tragus, 
and separated from it by the 
intertragic notch, there is a small 
tubercle, named the aniitragus. 

The lobule, composed of fibrous and adipose tissues, and devoid of the firmness 
and elasticity of the rest of the auricle, lies below the antitragus. 

The cranial surface of the auricle present's elevations which correspond to 
the^ depressions on its lateral surface, and after which they are named, e.g. 
eminentia conchae, eminentia triangularis, etc. 

Structure. — The auricle is composed of a thin plate of elastic fibrocartilage, covered 
with skin, and connected with the surrounding parts by ligaments and muscles ; it is con- 
tinuous with the cartilaginous portion of the external auditory meatus, and the latter is 
joined to the margins of the bony meatus by fibrous tissue. 

The sTcin of the auricle is thin, closely adherent to the cartilage, and covered with fine 



Fig. 1043. — The right auricle. 
Lateral surface. 
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Fio. 1045. — ^The muscles of the right auricle. 


hairs which are furnished with sebaceous glands ; these glands are most numerous m the 
concha and scaphoid fossa. On the tragus and antitragus, and m the mtertra^c notch 
the hairs are strong and nnmerons. The skin of the auricle is continuous with that lining 

the external auditory meatus. . 

The cartilage of the auricle (figs. 1044, 1045) consists of a single piece j upon its surtaoe 
the eminences and depressions above described are found. It is absent frc^ the lotmle ; 
it is deficient, also, between the tragus and beginning of the helix, the gap being til e up 
by dense fibrous tissue. At the front 
part of the auricle, where the helix 
bends upwards, there is a small pro- 
jection of the cartilage, called the spine 
of the helix, while in the lower part of 
the hehx the cartilage is prolonged 
downwards as a tail-like process, named 
rhe tail of the helix ; the latter is sep- 
arated from the antihelix by th&fissura 
antitragohelicina. The cranial surface 
of the cartilage exhibits a transverse 
furrow, named the sulctis antihelicis 
transversus, which corresponds with the 
inferior crus of the antihelix and 
separates the eminentia conchas from 
the eminentia triangularis. The em- 
inentia conchas is crossed by a vertical 
ridge {ponticulus) which gives attach- 
ment to the Auricularis posterior 
muscle. In the cartilage of the auricle 
there are two fissures, one behind the 
crus helicis and another in the tragus. 

The ligaments of the auricle consist 
of two sets : (1) extrinsic, connecting 
it to the temporal bone ; (2) intrinsic, 
connecting various parts of its cartilage 
together. 

The extrinsic ligaments are two in 
number, anterior and posterior. The 
anterior ligament extends from the 
tragus and spine of the heHx to the 
root of the zygomatic process of the 
temporal bone. The posterior ligament 
passes from the posterior surface of the concha to the lateral surface of the mastoid process. 

The chief intrinsic ligaments are : {a) a strong fibrous band, stretching from the tragus 
to the helix, completing the meatus in front, and partly encircling the boundary of 
the concha ; and (6) a band between the antihelix and the tail of the helix. Other less 
important bands are found on the cranial surface of the auricle. 

The muscles of the auricle (fig. 1045) consist of two sets : (1) the extrinsic, which connect 
it with the skuU and scalp and move the auricle as a whole ; and (2) the intrinsic, which 
extend from one part of the auricle to another. 

The extrinsic muscles are the Auriculares anterior, superior et posterior. 

The Auricularis anterior, the smallest of the three, is thin, fan-shaped, and its fibres 
are pale and indistinct. It arises from the lateral edge of the epicranial aponeurosis, and 
its fibres converge to be inserted into the spine of the helix. 

The Auricularis superior, the largest of the three, is thin and fan-shaped. Its fibres arise 
from the epicranial aponeurosis, and converge to be inserted by a thin, flattened tendon 
into the upper part of the cranial surface of the auricle. 

The Auricularis posterior consists of two or three fleshy fasciculi, which arise by short 
aponeurotic fibres from the mastoid portion of the temporal bone, and are inserted into 
the ponticulus on the eminentia conchas. 

Nerve-supply. — ^The Auriculares anterior et superior are supplied by the temporal 
branches, and the Auricularis posterior by the posterior auricular branch, of the facial 
nerve. 

Actions. — In man, these muscles possess very little action ; the Auricularis anterior 
draws the auricle forwards and upwards ; the Auricularis superior raises it slightly ; and 
the Auricularis posterior draws it backwards. 

The intrinsic muscles are the : 



Helicis major. 
Helicis minor. 
Tragicus. 


Antitragicus. 
Transversus auriculae. 
Obliquus auriculae. 
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The Helicis major is a narrow vertical band situated upon the anterior margin of the 
helix. It arises from the spine of the helix, and is inserted into the anterior border of the 
helix, where the latter is about to curve backwards. 

The Helicis minor is an oblique fasciculus, covering the crus helicis. 

The Tragious is a short, flattened vertical band on the lateral surface of the tragus. 

The Antitfagicus arises from the outer part of the antitragus, and is inserted into the 
tail of the helix and antihelix. 

The Transversus auriculce is placed on the cranial surface of the auricle. It consists 
of scattered fibres, partly tendinous and partly muscular, extending from the eminentia 


conchse to the eminentia n . 

The Ohliquus auriculce, also on the cranial surface, consists of a few fibres ex- 
tending from the upper and posterior parts of the eminentia conchse to the eminentia 
triangularis. 

Nerve-supply. — The intrinsic muscles on the lateral surface are supplied by the temporal 
branches of the facial nerve, the intrinsic muscles on the cranial surface by the posterior 
auricular branch of the same nerve. 


Fio. 1046. — The external and middle portions of the right ear, from the front. 


Cartilage of auricle 
j E^itympanic recess 
/ I Incus 


Tympanic cavity 

Tensor tympani muscle 



Tympanic membrane 
Cartilaginous part of external Bony part of external auditory meatus 
auditory meatus 


The arteries of the auricle are ; (a) the posterior auricular branch of the external carotid 
artery, which supplies three or four branches to the cranial surface ; twigs from these 
reach the lateral surface, some by passing through the fissures of the auricular cartilage, 
and others by turning round the margin of the helix ; (b) the anterior auricular branches of 
the superficial temporal artery, which are distributed to the lateral surface ; and (c) a 
branch from the occipital artery. 

The veins accompany the corresponding arteries. 

The sensory nerves are : the great auricular and lesser occipital nerves, from the cervical 
plexus ; the auriculotemporal branch of the mandibular nerve ; and the auricular branch 
of the vagus nerve. 

The external auditory meatus extends from the bottom of the concha to the 
tympanic membrane (figs. 1046, 1047). It is about 4 cm. long if measured from 
the tragus ; from the bottom of the concha its length is about 2 -5 cm. It forms 
an S-shaped curve, and is directed at first me^alLy, forwards, and slightly 
upwards {pars externa ) ; it then passes medially, backwards, and upwards [pars 
media), and lastly is carried mecfiaUy, forwards, and. slightly downwards {pars 
interna). It is an oval cylindrical canal, the greatest diameter of the oval being 
directed downwards and backwards at the external orifice, but nearly hori- 
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zontaJly at the medial end. It presents two constrictions, one near &e medial 
end of the cartilaginous portion, and another, named the isthmus, m the osseous 
portion, about 2 cm. from the bottom of the concha. The tympanic membrane, 
which closes the medial end of the meatus, is obliquely directed ; in consequence 
of this obliquity the floor and anterior wall of the meatus are longer than the 

roof and posterior wall. , i. 

The external auditory meatus is formed partly by eartUage and membrane, 
and partly by bone, and is lined by skin. _ 

The cartilaginous portion is about 8 mm. long ; it is oontmuous with tue 
cartilage of the auricle and is fixed to the circumference of the osseous portion. 
The cartilage is deficient at the upper and posterior parts of the meatus, its 
place being supplied by fibrous membrane ; two or three deep fissures are 
present in the anterior part of the cartilage. ^ 

Tb.6 osseous portion is about 16 miu. long, and is na^rrowor tban tne cart- 
ilaginous portion. It is directod medially, forwards, and slightly downwards, 


Fig. 1047. — horizontal section through the left ear. Upper half of the section. 
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forming in its course a slight curve the convexity of which is upwards and 
backwards. Its medial end is smaller than the lateral end, and is sloped, the 
anterior waU projecting beyond the posterior for about 4 mm. ; this end is 
marked, except at its upper part, by a narrow groove, named the tympanic 
sulcus, in which the circumference of the tjunpaooic membrane is attached. 
Its lateral end is dilated, and rough in the greater part of its circumference for 
the attachment of the cartilaginous portion. The anterior and inferior parts 
of the osseous portion are formed by the tympanic part of the temporal bone, 
which, in the foetus, exists as the tympanic ring (p. 301). 

The skin which envelops the auricle is continued into the external auditory 
meatus and covers the outer surface of the tympanic membrane. It is thin 
and closely adherent to the cartilaginous and osseous parts of the tube. After 
maceration, the thin pouch of epidermis, when withdrawn, preserves the form 
of the meatus. In the thick subcutaneous tissue of the cartilaginous part of 
the meatus there are numerous cerumiruyus glands, which secrete the ear-wax ; 
their structure resembles that of the sudoriferous glands (p. 1225). 

Relations of the meatus . — The condyloid process of the mandible lies in front of the 
meatus, but the two are sometimes separated by a small portion of the parotid gland. 
The movements of the mandible influence to some extent the lumen of the cartilaginous 
portion. Above the osseous part is the middle cranial fossa ; behind it are the mastoid 
air-cells, separated from the meatus by a thin layer of bone. 

G.A. 2 p 2 
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The arteries supplying the meatus are branches from the posterior auricular, (internal) 
maxillary, and temporal arteries. 

The nerves are chiefly derived from the auriculotemporal branch of the mandibular nerve 
and the auricular branch of the vagus nerve. 

Ap:plied Anatomy. — ^Malformations, such as imperfect development of the external 
parts, supernumerary auricle, or absence of the meatus, are occasionally met with. 

The external auditory meatus can be examined most satisfactorily by light reflected 
down a funnel-shaped speculum, when the greater part of the canal and tympanic mem- 
brane can be brought into view. In using this instrument, it is advisable that the auricle 
should be drawn upwards, backwards, and a little laterally, so as to render the meatus 
as straight as possible. 

At the point of junction of the osseous and cartilaginous portions an obtuse angle, 
which projects into the tube at its antero-inferior wall, is formed ; this produces a sort of 
constriction, and renders it a narrow portion of the meatus — an important point to be 
remembered in connexion with the presence of foreign bodies in the meatus. The shortness 
of the meatus in children should be borne in mind when an aural speculum is introduced, 
so that it be not pushed in too far, at the risk of injuring the tympanic membrane ,* indeed 
even in the adult the speculum should never be introduced beyond the constriction which 
marks the junction of the osseous and cartilaginous portions. J ust in front of the membrane 
there is a well-marked depression, situated on the floor of the meatus, and bounded by a 
somewhat prominent ridge ; in this foreign bodies may become lodged. By aid of the 
speculum, combined with traction of the auricle upwards and backwards, the greater part 
of the tympanic membrane is rendered visible (fig. 1048). It is a pearly-grey membrane, 
slightly glistening in the adult, placed obliquely, so as to form with the floor of the meatus a 
very acute angle (about fifty-five degrees), while with the roof it forms an obtuse angle. 

At birth it is more horizontal, 

Fig. 1048. — The right tympanic membrane, as seen situated in almost the same 

through a speculum. plane as the base of the skull. 

A reddish-yellow streak can 
Long process of incus Posterior malleolar fold be seen about midway between 

the anterior and posterior mar- 
gins of the membrane, and 
extending from the centre ob- 
liquely upwards and forwards ; 
this is the handle of the 
malleus, which is attached to 
the membrane. At the upper 
part of this streak, close to 
the roof of the meatus, a little 
white, round prominence is 
plainly to be seen ; this is the 
lateral or short process of the 
malleus, projecting against the 
membrane. The tympanic 
membrane does not present 
a plane surface; on the con- 
trary, its centre is drawn inwards, on account of its connexion with the manubrium 
of the malleus. 

The connexions of the nerves of the meatus explain the occurrence of constant coughing 
and sneezing, from implication of the vagus, when there exists any source of irritation 
in the meatus ; and the vomiting which may follow syringing the ears of children, and the . 
occasional heart failure similarly induced in elderly people. No doubt also the association 
of earache with toothache or with cancer of the tongue is due to implication of the mand- 
ibular branch of the trigeminal nerve, which supplies the teeth and the tongue also. The 
upper half of the tympanic membrane is much more vascular than the lower half ; for 
this reason, and also to avoid the chorda tympani nerve and ossicles, incisions through 
the membrane should be made at the lower and posterior part. 



The Middle Eae, or Tympanic Cavity 

The middle ear or tympanic cavity, is an irregular, laterally compressed 
space within the temporal bone. It is hned with mucous membrane (p. 1202) 
and filled with air, which is conveyed to it from the nasal part of the pharynx 
through the pharyngotympanic tube (auditory tube). It contains a chain of 
movable bones, which connect its lateral to its medial wall and transmit the 
vibrations of the tympanic membrane across the cavity to the internal ear, - 
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The t 3 niipanic cavity consists of two parts : the iympmic. cavity proper, 
opposite the tympanic membrane, and the epitympanic recess, above the level 
of the membrane ; the latter contains the upper half of the malleus and the 
greater part of the incus. Including the epitympanic recess, the vertical and 
anteroposterior diameters of the cavity are each about 15 mm. The transverse 
diameter measures about 6 mm. above and 4 mm. below ; opposite the centre 
of the tympanic membrane it is only about 2 mm. The tympanic cavity is 
bounded laterally by the tympanic membrane ; medially, by the lateral wall of 
the internal ear ; it communicates, behind, with the tympanic antrum and 
through it with the mastoid air-cells, and in front with the pharyngotympanic 
tube (fig. 1046). 


Fig. 1049. — An oblique section through the left temporal bone, to show the 
lateral wall of the middle ear, and the tympanic antrum. 
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The roof of the tympanic cavity is formed by a thin plate of bone, named 
the tegmen tympani, which separates the cranial and tympanic cavities, and 
forms the greater part of the anterior surface of the petrous portion of the 
temporal bone ; it is prolonged backwards so as to roof the tympanic antrum, 
and forwards to cover the canal for the Tensor tympani muscle. 

The floor is narrow, and consists of a thin, convex plate of bone which 
separates the tympanic cavity from the superior bulb of the internal jugular 
vein ; in places this bony wall may be deficient, and then the tympanic cavity 
is separated from the vein by mucous membrane and fibrous tissue only. 
In the fioor of the tympanic cavity, near the medial wall, there is a small 
aperture for the passage of the tympanic branch of the glossopharyngeal 
nerve. 

The lateral wall of the tympanic cavity (fig. 1049) is formed mainly by the 
tympanic membrane, but partly by the ring of bone in which this membrane 
is attached. There is a deficiency or notch in the upper part of the rmg, close 
to which are three small apertures, viz. : the anterior and posterior canaliculi 
for the chorda tympani nerve and the petrotympanic fissure. 

The posterior canaliculus for the chorda tympani nerve is situated in the 
angle of junction between the posterior and lateral walls of the tympanic cavity 
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immediately behind the tympanic membrane and on a level with the upper end 
of the manubrium mallei ; it leads into a minute canal, which descends in front 
of the canal for the facial nerve, and ends in that canal about 6 mm. above 
the stylomastoid foramen. Through it the chorda tympani nerve and a branch 
of the stylomastoid artery enter the tympanic cavity. 

The petrotympanic fissure opens just above and in front of the ring of bone 
into which the tympanic membrane is inserted ; in this situation it is a mere 
slit about 2 mm. in length. It lodges the anterior process and anterior 
Ligament of the malleus, and transmits to the tympanic cavity the anterior 
tympanic branch of the (internal) maxillary artery. 

The anterior canaliculus for the chorda tympani nerve is placed at the medial 

end of the petrotympanic fissure; 


Fig. 1050. — ^The membranous wall of the 
right tympanic cavity. (Testut.) 



through it the chorda tympani nerve 
leaves the tympanic cavity. 

The tympanic membrane (figs. 1048, 
1050) separates the tympanic cavity 
from the external auditory meatus. 
It is thin and semitransparent, nearly 
oval in form, somewhat broader above 
than below, and placed very obliquely, 
forming an angle of about fifty-five 
degrees with the floor of the meatus. 
Its longest diameter is downwards and 
forwards, and measures from 9 to 
10 mm. ; its shortest diameter from 
8 to 9 mm. The greater part of its cir- 
L cumference is thickened, and forms a 
n fibrocartilaginous ring which is fixed in 
f the tympanic sulcus at the medial end 
of the meatus. This sulcus is deficient 
r superiorly, and from the ends of the 
notch two bands, termed the anterior 
; and posterior malleolar folds, are pro- 
longed to the lateral process of the 
malleus. The small, somewhat tri- 
angular part of the membrane situated 
above these folds is lax and thin, and 


The malleus has ton resected immediately below named the ^rs jUuxida-, a Sm^ 
its lateral process in order to show the malleolar folds OrmCe IS sometimes seen m it. Ihe 

1. Tympanic membrane. 2. Umbo. 3. Handle of chief part of the membrane is taut 

maUens; 4:. its cut surface. 5. Anterior malleolar fold, and is named the vars tensa. The 
6. Posterior malleolar fold. 7. Pars flaccida. 8, 9. t Aj.a;xxAovx 

Anteu'or and posterior recesses of tympanic membrane, manubrium of the malleus IS firmly 

attached to the iiwer surface of the 

chordi‘CpS?“?6\FJL1Sffisfo?^Jrt1JS,eto tympanic membrane as fax as its 
of the incus. 16. Prominentia styloidea. centre, which projects towards the 

tympanic cavity ; the inner surface 
of the membrane is thus convex, and the point of greatest convexity is named 
the umbo. Although the membrane as a whole is convex on its inner surface, 


its radiating fibres {vide infra) are curved with their concavities directed in- 
wards, and the membrane has a shape somewhat resembling that of a 
convolvulus flower. 


Structure. — ^The tympanic membrane is composed of three strata : an outer (cuticular), 
an intermediate (fibrous), and an inner (mucous). The cuticular layer is derived from the 
skin which lines the external auditory meatus, and consists of stratified epithelium. The 
fibrous stratum consists of two layers : a superficial layer of radiate fibres which diverge 
from the manubrium of the malleus, and a deep layer of circular fibres, which are plentiful 
around the circumference, but sparse and scattered near the centre, of the membrane. 
Branched or dendritic fibres (Gruber) are also present, especially in thie posterior half of 
the membrane. The mucom layer is a part of the mucous membrane of the tympanic 
cavity ; it is thickest towards the upper part of the membrane, and is covered by a single 
layer of flattened cells. In the flaccid part of the tympanic membrane the fibrous stratum 
is replaced by loose connective tissue. 
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Vessds and, Nerves , — ^The arteries of the tympanic membrane are derived from the deep 
auricular branch of the (internal) maxillary artery, which ramifies beneath the outicular 
stratum ; and from the stylomastoid branch of the posterior auricular artery, and tympanic 
branch of the maxillary artery, which are distributed to the mucous surface. The super- 
ficial veins open into the external jugular vein ; those on the deep surface drain partly into 
the transverse sinus and veins of the dura mater, and partly into the plexus of veins on the 
phar3mgotympanic (auditory) tube. The membrane receives its nerve-supply from the 
aTiriculotemporal branch of the mandibular nerve, the auricular branch of the vagus nerve, 
and the tympanic branch of the glossopharyngeal nerve. 

The medial wall (fig. 1051) of the tympanic cavity is formed by the lateral 
wall of the internal ear. It presents for examination the promontory, the 
fenestra vestibuli, the fenestra cochleae and the prominence of the facial 
nerve canal. 

The promontory is a rounded prominence furrowed by small grooves which 
lodge the nerves of the tympanic plexus. It is formed by the projection out- 
wards of the first turn of the cochlea. A minute spicule of bone frequently con- 
nects the promontory to the pyramid on the posterior wall. 

The fenestra vestibuli is a reniform opening, situated above and behind the 
promontory, and leading from the tympanic cavity into the vestibule of the 
internal ear ; its long diameter is horizontal, and its convex border is directed 
upwards. In the recent state it is occupied by the base of the stapes, the cir- 
cumference of which is fixed to the margin of the fenestra by the annular 
ligament. 

The fenestra cochlece is situated below and a Httle behind the fenestra vestib- 
uh, from which it is separated by the posterior part of the promontory. It fies 
completely under cover of the overhanging edge of the promontory, in a deep 
hoUow or niche. It is placed very obliquely, and, in the macerated bone, opens 
upwards and forwards from the tympanic cavity into the scala tympani of 
the cochlea. In the recent state it is closed by the secondary tympanic membrane^ 
which is somewhat concave towards the tympanic cavity and convex towards 
the cochlea, the membrane being bent so that its posterosuperior one-third 
forms an angle with its antero-mferior two-thirds. This, membrane consists of 
three layers : an external, derived from the mucous lining of the tympanic 
cavity ; an internal, from the fining membrane of the cochlea ; and an inter- 
mediate, fibrous, layer. 

The prominence of the facial nerve canal indicates the position of the upper part 
of the bony canal in which the facial nerve is contained ; this canal, the wall 
of which may be partly deficient, traverses the medial wall of the tympanic 
cavity from before backwards, immediately above the fenestra vestibuli, and 
then curves downwards in the posterior wall. 

The posterior wall of the tympanic cavity is wider above than below, and 
presents for examination the entrance to the tympanic antrum, the pyramid 
and the fossa incudis. 

The aditus to the tympanic antrum is a large irregular aperture, which leads 
backwards from the epitjmpanic recess into the upper part of an air-sinus, 
named the tympanic antrum (p. 297). On the medial wall of the entrance to 
the antrum there is a rounded eminence, situated above and behind the prom- 
inence of the facial nerve canal ; it corresponds with the position of the lateral 
semicircular canal. 

The pyramid is situated immediately behind the fenestra vestibuli, and in 
front of the vertical portion of the facial nerve canal ; it is hollow, and contains 
the Stapedius muscle ; its summit projects forwards towards^'the fenestra 
vestibuli, and is pierced by a small aperture which transmits the tendon of the 
muscle. The cavity in the pyramid is prolonged downwards and backwards 
in front of the facial nerve canal, and communicates with the latter by a 
minute aperture which transmits a twig from the facial nerve to the Stapedius 
muscle. 

The fossa incudis is a small depression in the lower and posterior part of the 
epitympanic recess ; it lodges the short process of the incus, which is fixed to the 
fossa by ligamentous fibres. 

The tympanic antrum is a small air-sinus in the posterior portion of the 
petrous part of the temporal bone, oommunicatiag with the epitympanic 
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recess through the aditus, which is placed in the upper part of its anterior 
wall. Its diameters do not often exceed 10 mm., but its topographical relations 
are of great- importance to the surgeon. Its lateral wall is formed by the post- 
meatal process of the squamous part of the temporal bone and corresponds to 
the suprameatal triangle on the outer surface of the skull. This waU is only 
2 mm. thick in the newly-bom child but it usually averages 10-12 mm. in the 
adult. Posteriorly the antrum is related to the sigmoid sinus, but some of the 
mastoid air-cells may intervene between them. Superiorly the roof is formed 
by the tegmen tympani, which separates the antrum from the middle cranial 


Fig. 1051 . — An oblique section through the left temporal bone, to show the 
medial wall of the middle ear. * 


Tymviinic antrum 



Mastoid air-cells 


The cochlea and the superior and lateral semicircular canals are outlined in blue. 

Note the relationship of the first coil of the cochlea to the promontory, and the 
relationships of the facial nerve canal and the lateral semicircular canal to the 
. medial wall of the aditus, 

fossa and the temporal lobe of the brain. Inferiorly the floor shows a number 
of apertures which communicate with the mastoid air-cells. These air- 
cells vary considerably in number, size and form, and, like the tympanic 
antrum, are lined by mucous membrane continuous with that lining the 
tympanic cavity. 

The anterior wall of the tympanic cavity is constricted owing to the approx- 
imation of the medial and lateral walls of the cavity. Its lower and larger 
part consists of a thin lamina of bone which forms the posterior wall of the 
carotid canal, and is perforated by the superior and inferior caroticotympanic 
nerves, and the t^^panic branch of the internal carotid artery. At the upper 
part of the anterior waU there are two canals, placed one above the other ; 
the higher is the canal for the Tensor tympani muscle, the lower, the bony part 
of the pharyngotympanic {auditory) tube. These canals incline downwards and 
forwards, and open in the angle between the squamous and petrous parts of the 
temporal bone ; they are separated by a thin, bony septum. The canal for 
the Tensor tympani and the septum run backwards on the medial waU of the 
tympanic cavity, and end immediately above the fenestra vestibuli, where the 
posterior end of the septum is curved laterally to form a pulley, named the 
processus cochleariformis, over which the tendon of the Tensor tympani bends 
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in a lateral direction to reach, its insertion into the upper part of the manubrium 
maUei. 

The pharyngotympanic tube (auditory tube) is the channel through which, 
the tympanic cavity communicates with the nasal part of the pharynx. Its 
length is about 36 mm., and its direction is downwards, forwards and medially, 
forming an angle of about 45® with the sagittal plane and one of about 30® 
with the horizontal plane, It is formed partly of bone, partly of cartilage and 
fibrous tissue (fig. 1046). 

The hony part of the tube is about 12 mm. long. It begins in the anterior 
wall of the tympanic cavity, and, gradually narrowing, ends at the angle of 
junction of the squamous and petrous portions of the temporal bone, its ex- 
tremity presenting a jagged margin which serves for the attachment of the 
cartilaginous part ; the carotid canal lies on its medial side. It is oblong in 
transverse section with its greater diameter firom side to side. 

The mrtilaginous part of the tube, about 24 mm. long, is formed of a tri- 
angular plate of cartilage, the greater part of which is situated in the postero- 
medial wall of the tube. The apex of the fibrocartilage is attached by fibrous 
tissue to the circumference of the medial end of the bony part of the tube, while 
its base lies directly under the mucous membrane of the lateral waU of the nasal 
part of the pharynx, where it forms an elevation, known as the tubal elevation, 
behind the pharyngeal orifice of the tube. The upper part of the cartilage is 
bent laterally and downwards, and the cartilage therefore consists of a broad 
medial lamina, and a narrow lateral lamina. On transverse section the cartilage 
has the appearance of a hook ; the groove or furrow produced by the bending 
of the cartilage is open below and laterally, and this part of the wall of the 
canal is completed by fibrous membrane. The cartilage is fixed to the base of 
the skull in a groove between the petrous part of the temporal bone and the 
greater wing of the sphenoid bone ; this groove ends near the root of the 
medial pterygoid plate. The cartilaginous and bony parts of the tube are 
not in the same plane, the former inclining downwards a little more than the 
latter. The diameter of the tube is greatest at the pharyngeal orifice, least 
at the junction of the bony and cartilaginous portions, and again increased 
towards the tympanic cavity ; the narrowest part of the tube is termed the 
isthmus. 

Anterolaterally the Tensor palati muscle separates the tube from the otic gang- 
lion, the mandibular nerve and its branches, the chorda tympani nerve and the 
middle meningeal artery. This muscle receives some fibres from the lateral 
lamina of the cartilage and from the membranous part of the tube ; these 
fibres constitute the Dilatator tuhoe muscle. Postero-medially the tube is 
related to the petrous part of the temporal bone and to the Levator palati 
muscle, which arises partly from its medial lamina. The position and relations 
of the pharyngeal orifice are described with the nasal part of the pharynx 
(p. 1290). 

The mucous membrane of the tube is continuous in front with that of 
the pharynx, and behind with that of the tympanic cavity ; it is covered 
with ciliated columnar epithelium and is thin in the bony part, while in the 
cartilaginous part it contains many mucous glands, and near the pharyngeal 
orifice a considerable amount of adenoid tissue, named by Gerlach the 
tube-tonsil. 

The tube is opened during deglutition by the Salpingopharyngeus and 
Dilatator tubse muscles. H. Blakeway * is of opinion that contraction 
of the Tensor palati is more likely to produce closure than opening of the 
tube. 

In the new-bom child the pharyngotympanic tube is about half as long as that of the 
adult. Its direction is more horizontal, and its bony part is relatively shorter, but much 
wider than in the adult. Its pharyngeal orifice is a narrow slit, which is on a level with 
the palate and is devoid of a tubal elevation. 

Vessels and Nerves.— The arteries of the pharyngotympanic tube are derived from the 
ascending pharyngeal branch of the external carotid artery and from two branches of 
the (internal) maxillary artery, viz. : — ^the middle meningeal artery and the artery of the 

* J cyumal of Anatomy and Physiology, vol. xlviih 
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pterygoid canal. The veins open into the pterygoid venous plexus. The nerves of the lube 
spring from the pharyngeal plexus and from the pharyngeal branch of the sphenopalatine 
ganglion. 


Fig. 1052. — The left malleus, a. From 
behind, b. From the medial side. 
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The Auditory Ossicles 

The tympanic cavity contains a chain of three movable ossicles, the malleus, 
incus, and stapes, the development of which is described on p. 99. The malleus 

is attached to the tympanic mem- 
brane, the base of the stapes to the 
circumference of the fenestra vestib- 
uli, while the incus is placed be- 
tween, and articulates with, the 
malleus and stapes. 

The malleus (fig. 1052), so named 
from its fancied resemblance to a 
Anterior hammer, is from 8 to 9 mm. long, 
process and is the largest of the auditory 
ossicles. It consists of a head, neck 
and three processes, viz. the man- 
ubrium or handle, and the anterior 
and lateral processes. 

The head, which is the large upper 
end of the bone, is situated within the 
epitympanic recess ; it is ovoid in shape, and articulates posteriorly with the 
incus, being free in the rest of its extent. The facet for articulation with the 
incus is constricted near the middle, and consists of an upper larger and lower 
smaller part, situated nearly at right angles to each other. Opposite the 
constriction the lower margin of the facet projects in the form of a process, 
which is named the cog4ooih or spur of the malleus. 

The nech is the contracted part just beneath the head ; below the neck 
there is an enlargement to which the various processes are attached. 

The haridle of the malleus is con- 
nected by its lateral margin with the 
tympanic membrane. It is directed 
downwards, medially and back- 
wards ; it decreases in size towards 
its free end, which is curved slightly 
forwards and flattened transversely . 

Near the upper end of its medial 
surface there is a slight projection, 
into which the tendon of the Tensor 
tympani is inserted. 

The anterior process is a delicate 
spicule, directed forwards from the 
enlargement below the neck ; it is 
connected to the petrotympanic fissure by hgamentous fibres. In the foetus 
this is the longest process of the malleus, and it is continuous in front with the 
cartilage of Meckel (p. 99). 

The lateral process is a conical projection which springs from the root of 
the handle of the malleus ; it is directed laterally, and is attached to the upper 
part of the tympanic membrane and, by means of the anterior and posterior 
malleolar folds, to the extremities of the notch at the upper part of the tympanic 

Ossification.— -The maUeus, with the exception of its anterior process, is 
ossified from a single centre, which appears near the neck of the bone. The 
anterior process is ossified separately, in membrane, and joins the main part of 
the bone about the sixth montlT of fcetal life. 

The^ incus (fig. 1053) has received its name from its supposed resemblance to 
an an\^, but its shape is more like that of a premolar tooth, with two widely 
diverging roots. It consists of a body and two processes. 

The body is somewhat cubical, but compressed laterally. On its anterior 


Fig. 1053. — The left incus, a. From the 
medial side. b. From the front. 
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surface there is a saddle-shaped facet, for articulation with the head of the 
malleus. 

The long process^ rather more than half the length of the handle of the mal- 
leus, descends nearly vertically, behind and parallel to that process ; its lower 
end bends medially, and terminates in a rounded projection, named the lentiform 
nodule, the mner surface of which is covered with cartilage, and articulates 
with the head of the stapes. 

The short process, somewhat conical in shape, projects backwards, and is 
attached by ligamentous fibres to the fossa incudis, in the lower and posterior 
part of the epitympanic recess. 

Ossification. — ^The incus is ossified from one centre, which appears in the 
upper part of its long process ; the lentiform nodule may have a separate 
centre. 

The stapes (fig. 1054), so called from its resemblance to a stirrup, consists of 
a head, neck, two Hmbs and a base. 

The hecid is directed laterally, and Fig. 1054. — a. The left stapes, b. Medial 
on it there is a depression for articula- surface of the base of the stapes, 
tion with the lentiform nodule of the 
incus. 

The nech is the constricted part 
supporting the head ; the tendon of 
the Stapedius muscle is inserted into 
.its posterior surface. 

The liwhs diverge from the neck 
and are connected at their ends by a 
flattened oval plate, termed the base, 
which forms the footplate of the stirrup and is fixed to the margin of the 
fenestra vestibuli by a ring of ligamentous fibres. The anterior limb is shorter 
and less curved than the posterior. 

Ossification. — ^The stapes is ossified from a single centre, which appears in 
the base of the bone. 

The articulations of the auditory ossicles. — ^The incudomalleolar joint is a saddle artic- 
ulation. The incudostapedial joint is a ‘ ball-and-socket ’ articulation. Each is enveloped 
by an articular capsule. 

The ligaments of the ossicles. — ^The ossicles are connected to the walls of the tympanic 
cavity by ligaments : three for the malleus, and one each for the incus and stapes. 

The anterior ligament of the malleus is attached by one end to the neck of the malleus, 
just above the anterior process, and by the other to the anterior wall of the tympanic 
cavity, close to the petrotympanic fissme, some of its fibres being prolonged through the 
fissure to reach the spine of the sphenoid bone. 

The lateral ligament of the malleus is a triangular band passing from the posterior part 
of the border of the tympanic notch to the head of the maUeus. Helmholtz described the 
anterior ligament and the posterior part of the lateral ligament as forming together the 
‘ axis ligament ’ around which the maUeus rotates. 

The superior ligament of the malleus connects the head of the malleus to the roof of the 
epitympanic recess. 

The posterior ligament of the incus connects the end of the short process of the incus to 
the fossa incudis. 

A superior ligament of the incus has been described, but it is little more than a fold of 
mucous membrane. 

The vestibular surface and the circumference of the base of the stapes are covered with 
hyaline cartilage ; that encircling the base is attached to the margin of the fenestra vestibuli 
by a ring of elastic fibres, termed the annular ligament of the base of the stapes. The posterior 
part of this ligament is much narrower than the anterior part, and acts as a kind of hinge 
on which the base of the stapes moves when the Stapedius muscle contracts. 

The muscles of the tympanic cavity are the Tensor tympani and Stapedius. 

The Tensor tympani (fig. 1046) is contained in the bony canal above the bony part of 
the phaiyngotympanic (auditory) tube, from which it is separated by a thin bony septum. 
It arises from the cartilaginous portion of the pharyngotympanic tube and the adjoining 
part of the greater wing of the sphenoid, as well as from the bony canal in which it is 
contained. Passing backwards through the canal, it ends in a slender tendon which bends 
laterally round the pulley-like processus cochleariformis, and is inserted into the handle of 
the malleus, near its root. 

Nerve-supply. — ^The Tensor tympani is supplied by a branch of the mandibular nerve 
through the otic ganglion. 
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The Stapedius arises from the wall of a conical cavity in the pyramid; its tendon 
emerges from the orifice at the apex of the eminence, and, passing forwards, is inserted into 
the posterior surface of the neck of the stapes. 

Nerve-supply. — ^The Stapedius is supplied by a branch of the facial nerve. 

Actions. — Under normal conditions, the Tensor tympani and the Stapedius contract 
simultaneously and reflexly in response to sounds of fairly high intensity, exerting “ a 
protective damping effect upon sound vibrations reaching the internal ear.” * 

Movements of the avditory ossicles . — ^The handle of the malleus follows all the movements 
of the tympanic membrane, while the malleus and incus rotate together around an axis 
which runs through the short process of the incus and the anterior ligament of the malleus. 
When the tympanic membrane and the handle of the malleus move inwards, the long 
process of the incus also moves in the same direction and pushes the base of the stapes 
towards the labyrinth. This motion is communicated to the fluid (perilymph) contained 
within the labyrinth and the movement of the perilymph causes an outward bulging of the 
secondary tympanic membrane, which closes the fenestra cochleae. The conditions are 
reversed when the tympanic membrane moves in an outward direction, but if this movement 
of the membrane be exaggerated the incus does not follow the full outward excursion of the 
malleus, but merely glides on this bone at the incudomalleolar joint, and thus the danger 
of pulling the foot of the stapes out of the fenestra vestibuli is avoided. When the 
handle of the malleus is carried inwards, the cog-tooth or spur on the lower margin of the 
head of the malleus locks the incudomalleolar joint, and this necessitates an inward move- 
ment of the long process of the incus ; the joint is unlocked when the handle of the malleus 
is carried outwards. 

The mucous membrane of the tympanic cavity is coutiuuous with that of the 
pharynx, through the pharyngotympanic (auditory) tube. It invests the 
auditory ossicles and the muscles and nerves contained in the tympanic cavity, 
forms the inner layer of the tympanic membrane, and the outer layer of the 
secondary tympanic membrane, and lines the tympanic antrum and mastoid 
air-cells. It forms several vascular folds which extend from the walls of the 
tympanic cavity to the ossicles ; of these, one descends from the roof of the 
cavity to the head of the malleus and upper margin of the body of the incus, and 
a second invests the Stapedius muscle ; other folds invest the chorda tympani 
nerve and the Tensor tympani muscle. These folds separate off pouch-like 
recesses, and give the interior of the tympanum a somewhat honeycombed 
appearance. One of these pouches, termed the superior recess of the tympanic 
membrane, lies between the neck of the malleus and the membrana flaccida. 
Two other recesses, termed the anterior and posterior recesses of the tympanic 
membrane, may be mentioned : they are formed by the mucous membrane 
which envelops the chorda tympani nerve, and are situated, one in front of, 
and the other behind, the handle of the malleus. In the tympanic cavity the 
mucous membrane is pale, thin, slightly vascular, and covered with cubical 
epithelial cells, except around the orifice of the pharyngotympanic tube, where 
the cells are ciliated. There are no mucous glands in the tympanic cavity. The 
tympanic antrum and the mastoid air-cells are lined by a non-ciliated epi- 
thelium, which is squamous in character. 

Vessels and Nerves . — ^The arteries are six in number. Two of them are larger than the 
others, viz. the anterior tympanic branch of the (internal) maxillary artery, which supplies 
the tympanic membrane, and the stylomastoid branch of the posterior auricular artery, 
which supplies the posterior part of the tympanic cavity and mastoid air-cells. The 
smaller arteries are — ^the superficial petrosal branch of the middle meningeal artery, which 
enters through the hiatus for the greater superficial petrosal nerve ; the superior tympanic 
branch of the middle meningeal artery, which traverses the canal for the Tensor tympani ; 
a branch from the ascending pharyngeal arteiy, and another from the artery of the pterygoid 
canal, which accompany the pharyngotympanic tube ; and the tympanic branch from the 
internal carotid artery, given off in the carotid canal and perforating the thin anterior 
waU of the tympanic cavity. The veins terminate in the pterygoid venous plexus and in the 
superior petrosal sinus. From the mucous membrane of the tympanic antrum a small 
group of veins runs medially through the arch formed by the superior semicircular canal. 
They emerge on the posterior surface of the petrous part of the temporal bone through the 
subarcuate fossa, and open into the superior petrosal sinus. These small veins are the 
remains of the large subarcuate veins of the child, and constitute a pathway of infection 

* C. S. Hallpike, On the Function of the Tympanic Muscles,” Proc. Roy» Soc, Med., 
1935, vol. xxviii. 
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from the tympanic antrum to the meninges of the brain. The nerves constitute the tympanic 
plexus, which ramifies upon the surface of the promontory. The plexus is, formed by 
(1) the tympanic branch of the glossophaT3mgeal nerve, and (2) the caroticotympanic 
nerves. 

The tympanic branch of the glossopharyngeal enters the tympanic cavity by the canaliculus 
far the tympanic nerve, and divides into branches which ramify on the promontory and enter 
into the formation of the tympaific plexus. The superior and inferior caroticotympanic 
nerves, from the carotid plexus of the sympathetic, pass through the wall of the carotid 
canal, and join the plexus. The tympanic plexus supplies, (a) branches to the mucous 
lining of the tympanic cavity, phar 3 mgotympanic tube, and mastoid air-cells ; (6) a branch 
which goes through an opening in front of the fenestfa vestibuli and joins the greater 
superficial petrosal nerve ; and (c) the lesser superficial petrosal nerve, which may be looked 
upon as the continuation of the tympanic branch of the glossopharyngeal nerve through 
the tympanic plexus. The lesser superficial petrosal nerve traverses a small canal below 
the canal for the Tensor tympani, runs past, and receives a connecting branch from, the 
ganglion of the facial nerve, and reaches the anterior surface of the temporal bone through 
a small opening on the lateral side of the hiatus for the greater superficial petrosal nerve. 
It then passes through the foramen ovale or the canaHculus innominatus (p. 291 *) and 
joins the otic ganglion (p. 1054). 

The chorda tympani nerve crosses the tympanic cavity. It is given off from the facial 
nerve, about 6 mm. before that nerve emerges from the stylomastoid foramen. It runs 
upwards and forwards in a canal, and enters the tympanic cavity through the posterior 
canaliculus, and becomes invested with mucous membrane. It traverses the tympanic 
cavity, crossing medial to the tympanic membrane and the upper part of the handle of the 
malleus to the anterior wall, where it emerges through the anterior canaliculus. 

Applied Anatomy. — ^Fractures of the middle fossa of the base of the skull almost in- 
variably involve the tympanic roof, and are accompanied by a rupture of the tympanic 
membrane or fracture through the roof of the bony meatus. They are associated with 
profuse continued bleeding from the .ear, and, if the dura mater has also been torn, with 
discharge of copious amounts of cerebrospinal fluid. 

The tympanic cavity is very frequently the seat of disease, both suppurative and non- 
suppurative, and in practically every case the inflammation spreads upwards from the 
nose or throat along the pharyngotympamc tube. Acute inflammatory troubles spreading 
up to the tympanic cavity are usually associated with so much inflammatory swelling of the 
mucous membrane of the tube as to occlude it, and thus the products of inflammation 
are pent up in the tympanic cavity and directly involve the tympanic antrum. In 
such circumstances the only means of escape for the products is by rupture of the tympanic 
membrane, which usually occurs spontaneously and is followed by a free discharge of pus, 
with relief from the acute pain which exists in this condition. Should the swelling of the 
walls of the pharyngotympanic tube then subside, the normal drainage of the cavity 
will be established and the perforation in the drum will heal, but if not — as is often the 
case because the opening of the tube may be occluded by adenoid growths in the nasal 
part of the pharynx or other cause — the pus will continue to accumulate in the middle ear 
and will overflow through the perforation as a chronic otorrhoea. Several intracranial 
complications are often produced owing to purulent material being retained ; thus an 
abscess may form between the bone and dura mater, (a) above the roof of the tympanic 
cavity, and immediately beneath the dura covering the temporal lobe of the brain, or 
(6) between the deep aspect of the mastoid process and the sigmoid sinus, possibly extending 
widely and surrounding the sinus. In this latter type of case thrombosis of the sinus readily 
occurs, and the clot being also infected tends to disintegrate and be carried into the general 
circulation, particles becoming lodged in the capillaries of the lungs and setting up abscesses 
therein. Pyaemia from sigmoid sinus thrombosis is more common than from any other 
focus of origin. In addition, bone disease of the tympanic cavity or antrum may be 
associated with severe and fatal septic meningitis, or with the formation of abscess in 
the brain, the most common sites being the temporal lobe and the hemisphere of the 
cerebellum. 

In many cases of chronic bone disease in the tympanic cavity, the facial nerve becomes 
exposed as it lies in its canal and an inflammatory process is set up in the nerve, loading to 
facial paralysis of the infranuclear type (p. 1064). 

In dealing with suppuration in the tympanum by operation, the tympanic antrum is 
first reached through the suprameatal triangle (p. 252), the posterior wall of the external 
auditory meatus being the direction which is taken. In enlarging the opening from the antrum 
to the tympanum, the facial nerve may be protected by passing a special probe through 
the passage, and only removing the bone from the lateral side. In the child the tympanic 
antrum is close to the surface, and the facial nerve is not covered by the mastoid process. 
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The Internal Ear 

The internal ear is the essential part of the organ of hearing. It consists of 
two parts : (a) the bony labyrinth, a series of cavities within the petrous part 
of the temporal bone, and {h) the membrarmis labyrinth, a series of communic- 
ating membranous sacs and ducts, contained within the bony cavities. 

The Bony Labyrinth (figs. 1055, 1056) 

The bony labyrinth consists of three parts : the vestibule, the semicircular 
canals and the cochlea. These are cavities hollowed out of the substance of the 
bone, and Hned by periosteum ; they contain a clear fluid, known as the 
perilymph, in which the membranous labyrinth is placed. 

The vestibule is the central part of the bony labyrinth, and is situated 
medial to the tympanic cavity, behind the cochlea and in front of the semi- 
circular canals. It is somewhat ovoid in shape, but flattened transversely ; it 
measures about 5 mm. from before backwards, the same from above downwards, 

and about 3 mm. across. 

Fig. 1055. — The right osseous labyrinth. Lateral aspect. In its lateral wall there is 

the opening of the fenestra 
vestibuli, closed in the 
recent state by the base of 
the stapes and its annular 
ligament. On the front 
part of the medial wall 
there is a small spherical 
recess, which lodges the 
saccule, and is perforated 
by several minute holes 
{macula cribrosa media). 
The recess corresponds to 
the inferior vestibular area 
in the bottom of the in- 
ternal auditory meatus, 
and the foramina transmit 
filaments of the auditory 
nerve to the saccule. Be- 
hind this recess there is an oblique ridge, termed the vestibular crest, the anterior 
end of which is named the pyramid of the vestibule ; this ridge divides below to 
enclose a small depression [the cochlear recess], which is perforated by a number 
of holes for the passage of filaments of the auditory nerve to the vestibular end 
of the duct of the cochlea. Above and behind the vestibular crest, and situ- 
ated in the roof and medial wall of the vestibule there is an elliptical recess 
which lodges the utricle. The pyramid and adjoining part of the reoessus 
ellipticus are perforated by a number of holes [macula cribrosa mperior] ; 
the holes in the p^a,mid transmit the nerves to the utricle, and those in the 
recessus ellipticus* the nerves to the ampullae of the superior and lateral 
semicfrcular ducts. The pyramid and the adjoining part of the elliptical 
recess correspond to the superior vestibular area at the bottom of the internal 
auditory meatus. The orifice of the aqueduct of the vestibule lies below the 
recessus ellipticus. This aqueduct extends to the posterior surface of the 
petrous portion of the temporal bone ; it transmits a small vein, and contains 
a tubular prolongation of the membranous labyrinth which is termed the 
ductus endolymphaticus. At the posterior part of the vestibule there are the five 
orifices of the semicircular canals i at the anterior part, an elliptical opening 
leading into the scala vestibuli of the cochlea. 

The semicircular canals are three in number, superior, posterior and lateral, 
and are situated above and behind the vestibule. They are compressed from 
side to side, and each describes about two-thirds of a circle. They are tmequal 
in length, but are about 0*8 mm. in diameter and each presents a dilatation 
at one end, called the ampulla, the diameter of which is nearly twice that of the 
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canal. They open into the vestibule by five orifices, one of which is common 
to two of the canals. 

The superior semicircular canal, 15 to 20 mm. in length, is vertical in direct- 
ion, and is placed transversely to the long axis of the petrous portion of the 
temporal bone, on the anterior surface of which its arch forms the arcuate 
eminence. Its anterolateral end is ampullated, and opens into the upper and 
lateral part of the vestibule ; the opposite end unites with the upper end of the 
posterior canal to form the crus commune, which is about 4 mm. long, and opens 
into the medial part of the vestibule. 

The posterior semicircular canal, also vertical, is directed backwards, nearly 
parallel with the posterior surface of the petrous bone ; it is from 18 mm. to 
22 mm. long ; its ampullated end opens into the lower part of the vestibule, 
where there are several small holes [macula crihrosa inferior] for the trans- 
mission of the nerves to this ampulla, their position corresponding to the foramen 
singulars in the bottom of the internal auditory meatus. Its upper end opens 
into the crus commune. 

The lateral or horizontal canal is from 12 mm. to 15 mm. long, and its arch 
is directed horizontally backwards and laterally. Its anterior or ampullated 
end opens into the upper and lateral angle of the vestibule, just above the 
fenestra vestibuli and immediately below the ampullated end of the superior 
canal ; its posterior end 
opens below the orifice 
of the crus commune. 

The lateral semicirc- 
ular canal of one ear 
is in the same plane as 
that of the other ear ; 
while the superior canal 
of one ear is in a plane 
parallel with that of the 
posterior* canal of the 
other ear. 

The cochlea (figs. 

1056, 1057) bears a re- 
semblance to the shell of 
the common snail ; it 
forms the anterior part of 
the labyrinth, is conical 
in form, and placed in 
front of the vestibule; 
it measures about 5 mm. 
from base to apex, and 
its breadth across the 
base is about 9 mm. Its apex [or cupola] is directed forwards and laterally, 
with a slight inclination downwards, towards the upper and front part of 
the medial wall of the tympanic cavity; its base is directed towards the 
bottom of the internal auditory meatus, and is perforated by numerous 
apertures for the passage of the cochlear nerve. The cochlea t consists of a 
conical-shaped central axis, termed the modiolus ; of a canal, wound spirally 
around the central axis for two turns and three-quarters ; and of a delicate 
lamina, termed the osseous spiral lamina, which projects from the modiolus into 
the canal, and partially divides it. In the recent state the division of the canal 
is completed by the basilar membrane, which stretches from the free border of 
the osseous spiral lamina to the outer wall of the bony cochlea ; the two passages 
into which the cochlear canal is thus divided communicate with each other at 
the apex of the modiolus by a small opening, named the helicotrema. 

The modiolus is the conical, central axis or pillar of the cochlea. Its base is 
broad, and appears at the bottom of the internal auditory meatus, where it 
corresponds with the tractus spiralis foraminosus, which is perforated by 

* E. W. Peet (Proc. Phys. Society, 1937) has recently shown that those planes are not ac- 
tually parallel. 

t In the description which follows, the cochlea is supposed to be resting on its base. 


Fig. 1066 . — ^The interior of the right osseous labyrinth. 



Fenestra cochlece 
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numerous orifices for the transmission of the branches of the cochlear nerve ; 
the nerves for the first turn and a half of the cochlea pass through the foramina 
of the tractus spiralis foraminosus ; those for the apical turn, through the fora- 
men centrale. The canals of the tractus spiralis foraminosus pass through the 
modiolus and successively bend outwards to reach the attached margin of the 
osseous spiral lamina. Here they become enlarged, and by their apposition form 
the spiral canal of the modiolus , which follows the course of the attached margin of 
’ the osseous spiral lamina and lodges the spiral ganglion. The foramen centrale is 
continued into a canal which runs through the middle of the modiolus to its apex. 

The bony canal of the cochlea takes two turns and three-quarters round the 
modiolus ; the first turn bulges into the tympanic cavity and there gives rise 
to the promontory (p. 1197). It is about 30 mm. long, and diminishes gradually 
in diameter from the base to the summit, where it ends in the cupola, which 
forms the apex of the cochlea. The beginning of this canal is about 3 mm. in 

Fig. 1057. — ^The cochlea and vestibule. Exposed frbm above. (Testut.) 



All the hard parts which form the roof of the internal ear have -been removed with tlie saw, 

A. Cochlea. B. Vestibule, o. Internal auditory meatus. D. Tympanic cavity. 1. Section of promont- 
ory. 2. Vestibular fissure. 8. Spherical recess. 4. Elliptical recess. 5. Cochlear recess. 6. Orifice of 
the aqueduct of the vestibule. 7. Inferior opening of the posterior semicircular canal. 8. Non-ampull- 
ated end of lateral semicircular canal. 9. Scala tympani of the cochlea. 10. Scala vestibuli. 11. Cupola. 

12. Osseous spiral lamina, with 12', its vestibular origin. 12'', its external border. 13. Helicotrema. 

14. Bony wall of pochlea. 

diameter, and in it there are three openings. One — the fenestra cochlece — com- 
municates with the tympanic cavity and in the recent state is closed by the 
secoridary tympanic membrane ; another, of an elliptical form, opens into the 
vestibule. The third is the aperture of the aqueduct of the cochlea, leading to a 
minute funnel-shaped canal which opens on the inferior surface of the petrous 
part of the temporal bone. It transmits a small vein to join the inferior petrosal 
sinus, and establishes a communication between the subarachnoid space and 
the scala tympani. 

The osseous spiral lamina is a bony shelf or ledge which winds round and 
projects from the modiolus into the interior of the canal, like the thread of a 
screw. It reaches about halfway across the canal, and incompletely divides 
it into two passages or scalse ; an upper, named the scala vestibuli^ and a lower, 
the scala tympani. The width of the osseous spiral lamina gradually decreases 
from the basal to the apical coil of the cochlea, and near the summit of the 
cochlea the lamina ends in a hook-shaped process, termed the hamulus of the 
spiral lamina ; this assists in forming the boundary of the helicotrema, through 
which the two scalse communicate with each other. From the spiral canal of the 
modiolus numerous canals pass outwards through the osseous spiral lamina as 
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far as its free edge and transmit branches of the cochlear nerve. In the lower 
part of the first turn of the cochlea a secondary spiral lamina projects inwards 
from the outer wall of the bony tube ; it does not, however, reach the osseous 
spiral lamina, so that if the laminae be viewed from the vestibule a narrow fissure, 
termed the vestibular fissure, is seen between them. 

The bony labyrinth is lined by a thin fibroserous membrane which is closely 
adherent to the bone ; the free surface of the membrane is smooth, and covered 
with a layer of epithelium. The bony labyriuth is filled with perilymph, a 
fluid identical in composition, and confluent with, the cerebrospinal fluid. 
The part of the petrous bone which immediately surrounds the labyrinth is 
developed from the cartilaginous ear- capsule ; it is denser than the rest of the 
petrous bone, and exhibits interglobular spaces, which contain cartilage cells 
(fig. 1061). The modiolus of the cochlea, on the other hand, is formed of spongy 
membrane-bone (Fraser and Dickie *). A tubular process of the lining mem- 
brane is prolonged through the aqueduct of the cochlea to the iimer surface of 
the dura mater. The perilymphatic space of the vestibule communicates behind 
with that of the semicircular canals, and opens anteriorly into the scala vestibuli 
of the cochlea, which in turn opens into the scala tympani through the heli- 
cotrema, at the apex of the cochlea. The scala tympani is separated from the 
tympanic cavity by the secondary tympanic membrane, but is continuous with 
the subarachnoid space through the aqueduct of the cochlea. 

The Membranous Labyrinth (figs. 1058 to 1060) 

The membranous lab 3 ndnth is lodged within, but is smaller than the bony laby- 
rinth ; it is filled with fluid named endolymph, and in its walls the branches of the 
auditory nerve are distributed. It consists of: (a) the utricle and saccule, two small 
sacs, lodged in the vestibule ; (6) three semicircular ducts, enclosed within the 
semicircular canals ; and (c) the duct of the cochlea, contained within the bony coch- 
lea. The various parts of 

the membranous laby- Fio. 1058. — A schematic representation of the membranous 
rinth form a closed sys- labyrinth. (J. K. Milne Bickie.) 

tern of channels which, 
however, communicate 
freely with one another ; 
the semicircular ducts 
open into the utricle, the 
utricle into the saccule 
through the ductus / 

utriculosaccularis, and f 
the saccule into the duct 
of the cochlea through 
the canalis reuniens. 

The membranous 
labyrinth is fixed at 
certain points to the 
wall of the bony laby- 
rinth, but is separated 
from the greater part of 
the bony labyrinth by a 
space which contains the 
periljmph. 

The utricle, the larger of the two vestibular sacs, is irregularly oblong in 
shape, and occupies the upper and posterior part of the vestibule, lying in con- 
tact with the eUiptical recess and the part below it. That portion which is 
lodged in the eUiptical recess forms a sort of pouch or cul-de-sac ; the lateral 
half of the floor of this is thickened, and forms the macula of the utricle, which 
receives the utricular filaments of the auditory nerve. The ampuUae of the 
superior and lateral semicircular ducts open into the lateral part of the utricle, 
while the ampulla of the posterior duct, the crus commune and the posterior 
end of the lateral duct open into the medial part of the utricle. The posterior 

* J. S. Fraser and J. K, Milne Dickie, Journal of AnaAomy and Physiology, vol. xlix. 
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end of the lateral duct widens into a flattened cone which joins the medial end 
of the utricle at a right angle (Milne Dickie *). From its anteromedial part a 
fine canal, named the ductus utriculosaccularis, is given off, and opens into the 
ductus endolymphatious. 

The saccule lies in the spherical recess near the opening of the scala vestibuli 
of the cochlea. When seen from the front it presents a nearly globular form, 
but it is prolonged backwards in the form of a cone, the upper surface of which is 
in contact with the under surface of the utricle, and the utricle and saccule 
have here a common wall (Milne Dickie f). On its anterior wall there is an 
oval thickening, termed the macula of the saccule (fig. 1062), to which the 
saccular filaments of the auditory nerve are distributed. Its cavity communic- 
ates indirectly through a Y-shaped tube with that of the utricle. From its 
posterior part the ductus endolymphatious is given off, and it is joined by the 


Fio. 1059. — ^The right membranous labyrinth of a fifth-month human embryo, x 10. 
Anterolateral aspect. (G. Retzius.) 



ductus utriculosaccularis ; the ductus endolymphaticus passes inwards and 
then downwards along the aqueduct of the vestibule and ends in a blind pouch 
[saccus endolymphaticus] under the dura mater on the posterior surface of the 
petrous portion of the temporal bone. From the lower part of the saccule a 
short tube, named the canalis reuniens, passes downwards and gradually widens 
into the vestibular or basal end of the duct of the cochlea (fig. 1058). 

The semicircular ducts (figs. 1058 to 1060) are about one-fourth of the dia- 
meter of the semicircular canals, but are similar to them in shape and general 
form. Each has an ampulla at one end, viz. : the end which lies within the 
ampulla of the corresponding bony canal. The semicircular ducts open by 
five orifices into the utricle, one opening being common to the medial end of the 
superior, and the upper end of the posterior, duct. In each of the ampullae 
the wall is thickened, and projects into the cavity as a transverse elevation 
shaped somewhat like the figure 8, and named the septum transversum ; the 
most prominent part of this septum is termed the crista ampullaris. 

The utricle, saccule and semicircular ducts are held in position by fibrous 
bands which stretch across the perilymphatic space to the bony walls. 

Structure (fig. 1081). — ^The walls of the utricle, saccule and semicircular ducts consist of 
three layers. The outer layer is composed of ordinary fibrous tissue containing blood- 

* J. K. Milne Dickie, J ov/rnal of Laryngology, Rhmology and Otology, vol. xxxv. 

t Loc, cit. 
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vessels and some pigment-cells. The middle layer, thicker and more transparent, is named 
the tunica propria, and presents on its internal surface, especially in the semicircular ducts 
(fig. 1061), numerous papilliform projections, which, on the addition of acetic acid, exhibit 
an appearance of longitudinal fibrillation. The inner layer is formed of polygonal, nucleated, 
epithelial cells. In the maculae of the utricle and saccule (fig. 1062), and in the ampullary 
crests of the semicircular ducts, the middle coat is thickened and the epithelium is columnar, 
and consists of supporting cells and hair-cdls. The supporting cells are fusiform, and their 
deep ends are attached to the tunica propria, while their free extremities are united to 
form a thin cuticle. The hair- cells are flask-shaped, and their deep, rounded ends do not 
reach the tunica propria, but lie between the supporting cells. The free end of the cell is 
surmounted by a long, tapering hair-like filament, which projects into the cavity. The 
filaments of the vestibular nerve, having pierced the tunica propria, lose their medullary 
sheaths, and their axis- cylinders split up into fine fibrils which end between the hair-cells. 


Fig. 1060. — Scheme of the membranous labyrinth {blue) projected on to 
the osseous labyrinth. 



Two small rounded bodies termed otoliths, consisting of crystals of calcium carbonate, 
are suspended in the endolymph in contact with the free ends of the hairs projecting from 
the maculas. 

A ridge, named the orisia qmrta, projects into the posterior end of the lateral duct ; 
nerves have been traced to this crest, which is present in most mammals but exists only 
in a rudimentary condition in the higher vertebrates. 

The duct of the cochlea consists of a spirally arranged tube within the bony 
canal of the cochlea and lying along its outer wall. 

As already stated (p. 1206) the osseous spiral lamina extends only part of 
the distance between the modiolus and the outer wall of the cochlea, while the 
basilar membrane stretches from the free edge of the lamina to the outer wall of 
the cochlea, and completes the roof of the scala tympani. A second and more 
delicate membrane, termed the vestibular membrane, extends from the thickened 
periosteum covering the osseous spiral lamina to the outer wall of the cochlea, 
where it is attached at some distance above the outer edge of the basilar mem- 
brane. A canal is thus shut off between the scala tympani below and the scala 
vestibuli above ; this is the duct of the cochlea (figs. 1063, 1064). It i.s triangular 
on transverse section, its roof being formed by the vestibular membrane, its 
outer wall by the periosteum lining the bony canal, and its floor by the basilar 
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tnsnibran© and th© outer part of the osseous spiral lamina. The upper extremity 
of the duct of the cochlea is closed, and is named the lagcena ; it is attached to 
the cupola. The lower end turns medially, and narrows into the canalis re- 
unienSy through which it communicates with the saccule (fig. 1058). The spiral 
organ is situated on the basilar membrane. The vestibular membrane is thin 

Fig. 1061. — transverse section through the right posterior semicircular canal 
and duct of an adult man. x 51. (J. K. Mibie Dickie.) 


Semicircular duct 
{containing endolymph) 



and homogeneous, and is covered on its two surfaces by a layer of flattened 
epithelium. The periosteum forming the outer wall of the duct of the cochlea 
is greatly thickened and altered in character. It projects inwards, inferiorly, 
as a triangular prominence, termed the crista basilarisy to which the outer 
edge of the basilar membrane is fixed ; immediately above this there is a con- 
cavity (the sulcus spiralis externus), above which the periosteum contains 
numerous blood-vessels, and is termed the stria vascularis (fig, 1064). 

The osseous spiral lamina consists of two plates of bone, and between these 

are the canals for the trans- 
mission of the filaments of the 
auditory nerve. On the upper 
plate of that part of the lamina 
which is contained within the 
duct of the cochlea the peri- 
osteum is thickened to form 
the limbus laminos spiralis (fig. 
1065) ; this ends externally in 
a concavity (the sulcus spiralis 
internus)y which presents, on 
section, the form of the letter 
C ; the upper part formed by 
the overhanging edge of the 
limbus, is named the vestibular lip ; the lower part, prolonged and tapering, is 
called the tympanic Up, and is perforated by numerous foramina for the passage 
of the branches of the cochlear nerve. The upper surface of the vestibular lip 


Fig. 1062. — A transverse section of the macula. 
(Betzius.) 

Hair-cells 



Nerve-filaments 
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is intersected at right angles by a number of furrows, separated by numerous 
elevations ; these present the appearance of teeth on the free surface and 
margin of the lip, and were named by Huschke the auditory teeth (fig. 1065). The 
limbus is covered by a layer of what appears to be squamous epithelium, but 
only the cells covering the teeth are flattened, those in the furrows being 


Fig. 1063. — longitudinal section through the cochlea. Diagrammatic. 



columnar, and occupying the intervals between the elevations. This epithelium 
is continuous on the one hand with that lining the sulcus spiralis internus, 
and on the other with that covering the under surface of the vestibular 
membrane. 

The basilar membrane. — The basilar membrane (fig. 1066) stretches from the tympanic 
lip of the osseous spiral lamina to the crista basilaris. Its inner part is thin, and is named 
the zona arcuata ; it supports the spiral organ ; the outer part is thicker and striated, 


Fig. 1064. — transverse section through the middle coil of the ductus cochlearis. 

(Betzius.) 



and is termed the zona pectinata. The width of the basilar membrane gradually increases 
from 0*21 mm. in the basal turn to 0-36 mm. in the apical turn of the cochlea, and this 
increase is accompanied by a corresponding narrowing of the osseous spiral lamina, and a 
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decrease in the thickness of the crista basilaris. The under surface of the membrane 
is covered by a layer of vascular connective tissue ; one of the vessels in this tissue is 
somewhat larger than the rest, and is named the vas spirale ; it lies below Corti’s 
tunnel. 

The spiral organ (figs. 1064, 1066) is composed of a series of epithelial structures placed 
upon the zona arcuata or inner part of the basilar membrane. The more central of these 
structures are two rows of rod-like bodies (the inner and outer rods of Corti). The bases or 
foot-plates of the rods are expanded, and rest on the basilar membrane, those of the inner 
row at some distance from those of the outer ; the two rows incline towards each other 
and, coming into contact above, enclose between them and the basilar membrane the 
tunnel of Corti (fig. 1067), which is triangular in cross section. On the medial side of the 
inner rods there is a single row of hair- cells, and on the lateral side of the outer rods, three 
or four rows of hair-cells, together with certain supporting cells termed the cells of Deiters 
and of Hensen. The free ends of the outer hair-cells occupy a series of apertures in a 


Fig. 1065. — ^The limbus laminae spiralis and the basilar membrane. Schematic. 

(Testut.) 



1, 1'. Upper and lower lamellfB of the lamina spiralis ossea. 2. Limbus laminte spiralis, with a, the 
auditory teeth of the first row; &, the teeth of the other rows ; c. the grooves between the 
auditory teeth and the cells which are lodged in them. 3. Sulcus spiralis internus, with 3', its labium 
vestibulare, and 3"', its labium tympanicum. 4. Foramina nervosa, giving passage to the nerves from 
the spiral ganglion. 5. Vas spirale. 6. Zona arcuata, and 6% zona pcctinata of the basilar 
membrane, with a, its hyaline layer, /3, its connective tissue layer. 7. Sunkmit of the tunnel of Corti, 
with 7", its inner rod, and 7^, its outer rod. 8. Bases of the inner rods, from which the cells are 
removed. 9. Bases of the outer rods. 10. Part of the vestibular membrane. 


net-like membrane, termed the reticular lamina, and the entire organ is covered by the 
tectorial membrane. 

Rods of Corti (fig. 1067). — Each of these consists of a base or foot-plate, an elongated 
part or body, and an upper end or head ; the body of each rod is finely striated, but in 
the head there is an oval non-striated portion which stains deeply with carmine. Nucleated 
cells, which partly envelop the rods and extend on to the floor of Corti’s tunnel, occupy 
the angles between the rods and the basilar membrane ; these may be looked upon as tlie 
undifferentiated parts of the cells from which the rods have been formed. 

The inner rods number nearly 6000, and their bases rest on the basilar membrane close 
to the tympanic lip of the sulcus spiralis internus. The shaft or body of each is sinuously 
curved and forms an angle of about 60° with the basilar membrane. The head resembles 
the proximal end of the ulna, and presents a deep concavity which accommodates a con- 
vexity on the head of the outer rod. The head-plate, or portion overhanging the concavity, 
overlaps the head-plate of the outer rod. 

The outer rods, nearly 4000 in number, are longer and more obliquely set than the 
inner, forming with the basilar membrane an angle of about 40°. Their heads are convex 
internally ; they fit into the concavities on the heads of the inner rods, and are continued 
outwards as thin flattened plates, termed phalangeal processes, which unite with the phalan- 
geal processes of Deiters’ cells to form the reticular membrane. 

The distances between the bases of the inner and outer rods increase from the base to 
the apex of the cochlea, while the angles between the rods and the basilar membrane 
diminish. 
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HaiT’Cells . — The hair-cells are short columnar cells ; their free ends are on a level 
with the heads of the rods of Corti, and each is surmounted by about twenty hair-like 
processes arranged in the form of a crescent with its concavity directed inwards. The 
deep ends of the cells reach about halfway along the rods of Corti, and each contains a 
large nucleus ; the terminal filaments of the cochlear nerve are in contact with the deep 
ends of the hair-cells. The inner hair-cells, about 3500 in number, are arranged in a single 
row on the inner (axial) side of the inner rods, and, their diameters being greater than 
those of the rods, each is supported by more than one rod. The free ends of the inner 
hair-cells are encircled by a cuticular membrane which is fixed to the heads of the inner 
rods. Adjoining the inner hair-cells there are one or two rows of columnar supporting 
cells, which, in turn, are continuous with the cubical cells lining the sulcus spiralis internus. 
The outer hair-cells number about 12,000 and are nearly twice as long as the inner. In the 
basal coil of the cochlea they are arranged in three regular rows ; in the apical coil, in four 
somewhat irregular rows. 


Fig. 1066 . — transverse section through the spiral organ. Magnified, 

(G. Retzius.) 



Rows of supporting cells, called the cells of Deiters (fig. 1066), are placed between the 
rows of the outer hair- cells ; their expanded bases are planted on the basilar membrane, 
while the opposite end of each presents a clubbed extremity or pJiahngeal process. Immedi- 
ately to the outer side of Reiters’ cells there are five or six rows of columnar cells, named 
the supporting cells of Tlensen (fig. 1066). Near the lagaena those colls contain fat globules 
which decrease in number and size as the duct of the cochlea is traced towards the basal 
coil. It has been suggested * that these globules provide a graduated loading mechanism, 
which tunes the region of the lagsena to low tones. 

The reticular lamina (fig. 1067) is a delicate framework perforated by circular holes 
which are occupied by the free ends of the outer hair-cells. It extends from the heads of 
the outer rods of Corti to the external row of the outer hair-cells, and is formed by several 
rows of minute fiddle-shaped cuticular structures, called phalanges^ between which are cir- 
cular apertures containing the free ends of the hair-cells. The innermost row of phalanges 
consists of the phalangeal processes of the outer rods of Corti ; the outer rows are formed 
by the modified free ends of Reiters’ cells. 

The membrana tectoria (fig. 1066) overlies the sulcus spiralis internus and the spiral 
organ of Corti. It is wider and thicker in the apical than in the basal part of the cochlea. 
Its inner part is thin and is attached to the vestibular lip of the limbus laminae spiralis, 
the attachment reaching as far as the vestibular membrane. The outer part is thick 
and padlike, the thickness being greatest over, or slightly to the inner side of, the upper- 
ends of the rods of Corti. Retzius described the outer edge as being attached to the outer 
row of Reiters’ cells, while others maintain that it forms a ragged or frayed margin. Har- 
desty, i* who has examined the membrane in the pig, states that this edge is free and bluntly 
rounded, but finely and irregularly scalloped. The hairs of the hair-cells project into the 
under surface of the membrane, and on this surface opposite the interval between the inner 
and outer rows of hair-cells there is a band, named Hensen^s stripe. 

* C. S. Hallpike, Journal of Physiology ^ vol. Ixxiii. 
t Irving Hardesty, American Journal of Anatomy ^ vol. viii. 
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Hardesty has shown that the membrana tectoria “ consists of multitudes of delicate 
fibrils imbedded in a transparent matrix of a soft, collagenous, semi-solid character with 
marked adhesiveness.” The prevailing course of the fibres is obliquely transverse, slanting 
from the vestibular lip towards the apex of the cochlea. The fibres pass in curves from 
the vestibular lip and upper surface of the membrane to its under surface, where by their 
interlacement they produce the appearance known as Hensen’s stripe. He also described 


Fig. 1067. — The reticular lamina and subjacent structures. Schematic. (Testut.) 



A. Inner rod of Oorti, with a, its head. B. Outer rod (in yellow). 0. Xunncl of Corti. 0. Basilar 
membrane, b. Inner hair-cells. 1, 1". Internal and external borders of the reticular lamina. 
2, 2\ 2". The three rows of circular holes (in blue). 3. First row of phalanges (in yellow). 4, 4% 4". 
Second, third, and fourth rows of phalanges (in red). 6, 6', 6''. The three rows of outer hair-cellH (in 
blue). 7, 7^ 7". Cells of Deiters. 8. Cells of Hensen and Claudius. 


a thin, exceedingly delicate accessory tectorial membrane, lying along the under surface of 
the outer zone of the main membrane, and lightly attached to the latter by its outer 
edge. 

The auditory nerve, or nerve of hearing, divides near the bottom of the 
internal auditory meatus into an anterior or cochlear, and a posterior or 
vestibular portion. The deep connexions of these nerves are described on 
pp. 1064 to 1067. 

The vestibular nerve supplies the utricle, the saccule and the ampulliB of 
the semicircular ducts. The vestibular ganglion, from the bixiolar nerve-cells 
of which the fibres of the nerve take origin, is situated on the trunk of the nerve 
within the internal auditory meatus. On the distal side of the ganglion the 
nerve splits into a superior, an inferior and a posterior branch.* The filaments 
of the superior branch are transmitted through the foramina in the superior 
vestibular area, and end in the macula of the utricle and in the ampullary crests 
of the superior and lateral semicircular ducts ; those of the inferior branch 
traverse the foramina in the inferior vestibular area, and end in the macula 
of the saccule. The posterior branch runs through the foramen singulare 
at the postero-inferior part of the bottom of the meatus and divides into 
filaments for the supply of the ampullary crest of the posterior semicircular 
duct (fig. 1068). 

The cochlear nerve, the nerve of hearing, divides into numerous filaments 
at the base of the modiolus ; those for the basal and middle coils pass through 
the foramina in the tractus spiralis foraminosus, those for the apical coil through 
the central canal, and the nerves bend outwards and pass between the lamellse 

* The nerve sometimes splits on the proximal side of the ganglion, which is then divided 
into three parts, on© on each branch of the nerve. When this occurs the ganglion of the 
posterior division is placed in the foramen singulare. 
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of the osseous spiral lamina. The spiral ganglion (fig. 1069), consisting of 
bipolar nerve- cells from which the fibres of the nerve take origin, occupies the 
spiral canal of the modiolus. Reaching the outer edge of the osseous spiral 
lamina, the nerve-fibres pass through the foramina in the tympanic lip; 
some end by arborising around the deep ends of the inner hair- cells, while 


Fig. 1068. — diagrammatic view of the lateral end of the right internal 
meatus. (Testut.) 


Transverse crest 


Facial nerve area 



Superior vestibular area 

Inferior vestibular area 
.Central canal of cochlea 
Foramen singulars 


Tractus spiralis foraminosus 


others pass between the rods of Corti and across the tunnel of Corti, and end 
in a similar manner in relation to the outer hair- cells. The hair- cells in the 
basal and middle coils are more richly supplied with nerves than those in the 
apical coil. The cochlear nerve gives oii a vestibular branch to supply the 
vestibular end of the duct of the cochlea ; the filaments of this branch traverse 
the foramina in the cochlear recess (p. 1204). 


Fig. 1069. — Part of the cochlear division of the auditory nerve. 
Highly magnified. (Heiile.) 


Spiral Spiral 
ganglion fibres 


Nerves passing out between 
the two layers of the 
lamina spiralis ossea 



Vessels , — ^Tlie arteries of the labyrinth are (1) the internal auditory artery, which may 
arise from the basilar artery, but is more often derived from the anterior inferior cerebellar 
artery, and (2) the stylomastoid branch of the posterior auricular artery. The internal 
auditory artery divides at the bottom of the internal auditory meatus into two branches : 
cochlear and vestibular. The cochlear branch subdivides into twelve or fourteen twigs, 
which traverse the canals in the modiolus, and are distributed, in the form of a capillary 
network, in the lamina spiralis and basilar membrane. The vestibular branches are dis- 
tributed to the utricle, saccule and semicircular ducts. 

The veins of the vestibule and semicircular canals accompany the arteries, and, receiving 
the veins of the cochlea at the base of the modiolus, unite to form the internal auditory 
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vein, which ends in the posterior part of the superior petrosal sinus or in the transverse 
sinuL A small vein, from the basal turn of the cochlea, traverses the aqueduct of the 
cochlea and joins the internal jugular vein. 


Fia. 1070. — A bulbous corpuscle. 
(From Edein’s Elements of 
Histology,) 



a, MeduUated nerve-fibre, b. Capsule. 


THE PERIPHERAL TERMINATIONS OF THE NERVES OF 
GENERAL SENSATIONS 

The peripheral terminations of the nerves associated with general sensations 
(i.e. the muscular sense and the senses of touch, heat, cold, pain and pressure) 
are widely distributed throughout the body. These nerves may end {a) as 

free fibrils amongst the tissue elements, or (6) in 
special end-organs where the terminal nerve- 
fil aments are enclosed in capsules. 

Free nerve-endings occur chiefly in the epi- 
dermis and in the epithelium covering certain 
mucous membranes ; they occur in the stratified 
squamous epithelium of the cornea, in the root- 
sheaths and papillae of the hairs, and around 
the bodies of the sudoriferous glands. 

When the nerve-fibre approaches its ter- 
mination, the medullary sheath suddenly dis- 
appears, leaving the axis-cylinder surrounded 
by the neurolemma. After a time the fibre 
loses its neurolemma, and consists only of an 
axis- cylinder, which can be seen, in preparations 
stained with gold . chloride, to be made up of 
fine varicose fibrillae. Finally, the axis-cylinder 
breaks up into its constituent fibrilloe, which 
often present regular varicosities, and anastom- 
osing with oixe another, end in small knobs or 
discs between the epithelial cells. 

The special end-organs exhibit great variety in size and shape, but 
have one feature in common, viz. the terminal fibrils of the nerve are 
enveloped by a capsule. The bulbous, iamellated and oval corpuscles are 
included in this group, together with the neurotendinous and neuromuscular 
spindles. 

The bulbous corpuscles (fig. 1070) are minute cylindrical or oval bodies, 
consisting of a capsule of connective tissue enveloping a soft semi-fluid core 
in which the axis-cylinder terminates, either in a bulbous extremity or in a 
coiled-up plexiform mass. End-bulbs are found in the conjunctiva of the eye, 
(where they are spheroidal in shape in man, but cylindrical in most other 
animals), in the mucous membrane of the lips and tongue, and in the epi- 
neurium of nerve-trunks. They are also found in the penis and clitoris, and 
have there received the name of genital corpuscles ; in these situations they 
have a mulberry-like appearance, being constricted by connective tissue septa 
into from two to six knob-like masses. In the synovial strata of certain joints 
(e.g. those of the fingers), rounded or oval end-bulbs occur, and are designated 
articular end-bulbs. 

The Iamellated corpuscles (fig. 1071) are found in the subcutaneous tissue on 
the nerves of the palm of the hand and sole of the foot, and in the genital 
organs of both sexes ; they also occur on the nerves of the Joints, and in some 
other situations, as in the mesentery and pancreas of the cat and along the tibia 
of the rabbit. Each of these corpuscles is attached to, and encloses the term- 
ination of, a single nerve-fibre. The corpuscle (which is visible to the naked eye 
and can be most easily deihonstrated in the mesentery of a cat) consists of a 
number of concentric lamellae or capsules arranged around a central space, 
in which the nerve-fibre is contained. Each lamella is composed of bundles 
of fine connective tissue-fibres, and is lined on its inner surface by a single layer 
of flattened cells. The central space is elongated or cylindrical in shape, and 
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jGJled with a transparent core, in the middle of which the naked axis- cylinder 
traverses the space to near its distal extremity, where it ends in one or more 
small knobs. Todd and Bowman have 


described minute arteries as entering by the 
sides of the nerves and forming capdlary 
loops in the intercapsular spaces, and even 
penetrating into the central space. 

Other corpuscles are found in the sub- 
cutaneous tissue of the pulp of the fingers. 
They differ from lamellated corpuscles in 
that their capsules are thinner, their con- 
tained cores thicker, and in the latter the 
axis-cylinders ramify more extensively and 
end in flat expansions. 

The (yval corpuscles (fig. 1072) are oval- 
shaped bodies which occur in the papillae 
of the corium of the hand and foot, the 
front of the forearm, the skin of the lips, 
the mucous membrane of the tip of the 
tongue, the palpebral conjunctiva and the 
skin of the nipple. The long axis of each 
corpuscle is placed at right angles to the 
skin or mucous surface. Each is en- 
veloped by a connective tissue capsule, 
which sends membranous septa into the 
interior. The axis- cylinder passes through 
the capsule and, after making several spiral 
turns round the body of the corpuscle, 
ends in small globular or pear-shaped en- 
largements. 

RuJBSni described a special variety of 
nerve-ending in the subcutaneous tissue of 
the human finger (fig. 1073), and mostly 
situated at the junction of the corium 
with the subcutaneous tissue. They are 
oval in shape, and consist of strong con- 
nective tissue sheaths; inside these the 


Fig. 1071 . — lamellated corpuscle, with 
its system of capsiiles and its central 
cavity. 



a. Arterial twig, ending in capillaries, which 
form loops in some of the intercapsular spaces ; 
one penetrates to the central capsule, o. The 
fibrous tissue of the stalk, n, Nerve-fibre 
advancing to the central capsule, there losing 
its medullary sheath, and passing along the core 
to the opposite end, where it terminates in a 
tuberculated enlargement. 


nerve-fibres divide into numerous branches, which show varicosities and end 


in small free knobs. 


The neuroteudincms spindles are chiefly found near the junctions of tendons 
with muscles. Each is enclosed in a capsule which contains a number of en- 
larged tendon-fasciculi {intrafusal 


Fig. 1072. — papilla of the hand, containing 
an oval corpuscle, x 350. 



A. Side view of a papilla, a. Capsule, b. Oval 
corpuscle, c. Small nerve of the papiUa, with neuro- 
lemma. d. Its two nerve-fibres running with spiral coils 
round the oval corpuscle, e. Apparent termination 
of one of these fibres, u. Transverse section of a 
tactile papilla, a. Capsule, b. Nerve-fibre, c. Outer 
layer of the oval corpuscle, with nuclei, d. Clear 
internal substance. 


fasciculi). One or more nerve-fibres 
perforate the side of the capsule and 
lose their medullary sheaths ; the 
axis- cylinders subdivide and end be- 
tween the tendon -fibres in irregular 
discs or varicosities (fig. 1074). 

The neuromuscular spindles are 
present in the majority of voluntary 
muscles, and consist of small bundles 
of peculiar muscular fibres {intrafusal 
fibres), embryonic in type, invested 
by capsules, within which nerve-fibres, 
experimentally shown to be sensory, 
terminate. These neuromuscular 
spindles vary in length from 0*8 mm. 
to 5 mm. and have a fusiform appear- 
ance. The large medullated nerve- 
fibres passing to the end-organ are 
from one to three or four in number ; 
entering the fibrous capsule, they 


2q 


G.A. 
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divide several times, and, losing fclieir medullary sheaths, ultimately end in 
naked axis- cylinders encircling the iatrafusal fibres by flattened expansions, 


Fia. 1073 . — k zierv'e-ending of Ruffini. 



or irregular ovoid or rounded discs (fi^. 1075). Neuromuscular spindles have 
not yet been demonstrated in the nauscles of the tongue, and only a few exist 
in the ocular muscles. 


$ 

Fig. 1074. — neurotendinous spindLle from the human tondo calcaneus. 
(After Ciaccio.) 



The^ different ways in which, seonsoxy nerve- fibres terminate are strongly 
suggestive of their association with different types of sensibility, but there is 


Fig. 1075. — The middle third of afcenrtinal plaque in the muscle-spindlo of an 
adult cat. (A^fter Buffiui.) 



as yet no definite proof that sixch an association actually eidsts. The free 
nerve-endings are stated &equen.tly to he associated with painful sensibility, 
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but Waterston * has shown that, if they are to be regarded as associated with 
any one particular type of sensibility, they must be tactile in function. The 
subject has recently been investigated further by Woollard,t whose observa- 
tions indicate that a nervous network is formed in association with the fine 
fibres which form subepidermal endings associated with pain, and that the 
intra-epidermal endings are concerned with touch. 

The end-bulbs, or corpuscles, would appear to be an insulating mechanism 
and it might be assumed that each responds to only one form of stimulation, 
but, although Adrian J has shown that the lamellated corpuscles respond to 
pressure but not to changes of temperature, the available evidence is quite 
inconclusive.§ 


THE SKIN 

The skin (fig, 1076) covers the body and protects the deeper tissues. It 
contains the peripheral endings of many of the sensory nerves, plays an im- 
portant part in the regulation of the body temperature, and possesses limited 
excretory and absorbing powers. It consists principally of a layer of vascular 
connective tissue, named the cormm, and an external covering of epithelium, 
termed the epidermis. On the surface of the former layer there are sensitive and 
vascular ; and within, or beneath it, there are certain organs with special 

functions : namely, the sweat and sebaceous glands, and the hair-follicles. 

The epidermis is non- vascular, and consists of stratified epithelium (fig. 
1077). It varies in thickness in different parts. In some situations, as in the 
palms of the hands and soles of the feet, it is thick, hard, and horny in texture. 
This may be in a measure due to the fact that these parts are exposed to inter- 
mittent pressure, but that this is not the only cause is proved by the fact that 
the condition exists to a very considerable extent at birth. The more super- 
ficial layers of cells form the }w>rny zone (zona corneum), which may be separated 
hy maceration from a deeper stratum, termed the germinative zone and consist- 
ing of several layers of variously shaped cells. The free surface of the epidermis 
is marked by a network of linear furrows of variable size, whicli divide the 
surface into a number of polygonal or lozenge-shaped areas. These furrows 
are conspicuous opposite the flexures of the joints, and correspond with the folds 
in the corium produced by the joint-movements. In other situations, as upon 
the back of the hand, they are faint, and intersect one another at various 
angles. Upon the palmar surfaces of the hands and fingers, and upon the soles 
of the feet, these lines are fine but very distinct, and are disposed in more or less 
parallel curves j they depend ujjon the large size and peculiar arrangement of 
the papillae upon which the epidermis is placed. In each individual the lines on 
the tips of the fingers and thumbs form distinct patterns unlike those of any 
other person. A method of determining the identity of a criminal is based on 
this fact, impressions (‘ finger-prints ’) of these lines being made on paper 
covered with soot, or on white paper after first covering the fingers with ink. The 
deep surface of the epidermis is accurately moulded upon the papillary layer of the 
corium, the papillao being covered by a basement-membrane ; as a result when 
the epidermis is removed by maceration, its under surjface presents a number of 
pits or depressions corresponding with the papilloc, and ridges corresponding with 
the intervals between them. The papillary form of the corium prevents the 
epithelium from being stripped off the surface of the skin by shearing stresses. 

Structure. — ^The epidermis consists of stratified epithelium, which is arranged in two 
zones, viz. ; the germinative zone and the horny zone. The germinative zone, wliich is 
the deeper, consists of basal-cell and prickle-cell layers ; the horny zone consists of clear, 
granular and horny layers. 

Germinative zone : (1) The basal-cell layer [stratum basale] consists of a layer of col- 
umnar cells with oblong nuclei. The cells are placed perpendicularly on a basement- 
membrane, to which they are attached by denticulated extremities. 

* D. Waterston, Brain, vol. xlvi. 1923 ; and Anatomy in the Living Model, 1931. 
t H. H. Woollard, Journal of Anatomy, vol. Ixxi, Oo,t. 1936 and July, 1937. 
t E. D. Adrian, The Basis of Sensation, 1928. 

§ J. S. B. Stopford, Sensation and the Sensory Pathway, 1930. 
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(2) The pricMe-cell layer [stratum aculeatum] is composed of several layers of spherical 
or polyhedral cells, the contents of which are soft, opaque and granular. These cells are 
joined to one another by fine protoplasmic bridges. When the cells are isolated these 
bridges are broken and the surfaces of the cells are beset with numerous short thorn-like 
processes, which give the cells a characteristic appearance and have led to their being named 
prickle-cells. The cells contain numerous fine fibrils which can be stained by carmine or 
hsematoxylin, and are continuous with those of neighbouring cells across the protoplasmic 
bridges. Between the bridges there are minute lymph-channels, in which lymph corpuscles 
or pigment-granules may be found. 

Homy zone : (1) The granular kiyer [stratum ^anulosum] comprises two or three layers 
of fusiform cells which contain granules of eleidm, a substance readily stained by hsema- 


Fig. 1076. — section through the skin. Magnified. Diagrammatic. 
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toxylin or carmine, and probably an intermediate stage in the formation of keratin. They 
are supposed to be cells undergoing transformation from the protoplasmic ceils of the stratum 
aculeatum to the horny cells of the superficial layers. 

(2) The clear layer [stratum lucidurn] appears in section as a homogeneous or dimly 
striated layer, composed of closely packed cells in which traces of flattened nuclei may be 
found, and in which the eleidin has been changed into a substance named keratohjalin. 

(3) ^ The horny layer [stratum comeum] consists of several layers of homy, 
epithelial ceUs, in which no nuclei are discernible. They are unaffected by acetic 
acid, and their protoplasm has been converted into a material known as keratin. According 
to Rangier they contain granules of a substance which has the characteristics of beeswax. 

The black colour of the skin in the negro and the tawny colour in some of the white 
races are due to the presence of pigment in the cells of the epiderrnis. This pigment is 
especially distinct in the prickle-cells, and is similar to that found in the cells of the pig- 
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mented layer of the retina. As the cells approach the surface and desiccate, the pigment 
is partially lost. 

The corium is tough, flexible and highly elastic. It is very thick in the 
palms of the hands and soles of the feet ; thicker on the posterior than on the 
anterior aspect of the body, and on the lateral than on the medial sides of the 
hmbs. It is exceedingly thin and delicate in the eyelids, scrotum, and penis. 

Structure. — It consists of felted connective tissue, with a varying number of elastic 
fibres and numerous blood-vessels, lymphatic vessels and nerves. The connective tissue is 
arranged in two layers ; a deeper or reticular, and a superficial or papillary. IJnstriped 
muscular fibres are found in the superficial layers of the corium wherever hairs are present ; 
they are also present in the subcutaneous areolar tissue of the scrotum, penis, labia majora 
and nipples. In the nipples the fibres are disposed in bands, closely reticulated and arranged 
in superimposed laminae. 

The reticular layer consists of strong interlacing bands, composed chiefly of white fibrous 
tissue, but containing some yeUow elastic fibres, which vary in number in different parts ; 


Tig. 1077 . — A section through the epidermis. (Ranvier.) 



the connective tissue corpuscles are often to be found flattened against the bundles of white 
fibrous tissue. Towards the attached surface the fasciculi are coarse, and the large intervals 
left by their interlacement are occupied by adipose tissue and sweat glands. Below the 
reticular layer is the subcutaneous areolar tissue, which, except in a few situations, contains 
fat. 

The papillary layer consists of numerous highly sensitive and vascular eminences, termed 
the pa/pillcB, which rise perpendicularly from its surface. The papillae are minute conical 
projections, having round or blunted extremities, which may be divided into two or more 
parts, and are received into corresponding pits on the under surface of the cuticle. On the 
general surface of the body, and especially in parts endowed with slight sensibility, they are 
few in number and exceedingly minute ; but in some situations, as upon the palmar surfaces 
of the hands and fingers, and upon the plantar surfaces of th,e feet and toes, they are large, 
closely aggregated together, and arranged in parallel curved lines, forming the elevated 
ridges seen on the free surface of the epidermis. Each ridge contains two rows of papillae, 
and between the rows the ducts of the sudoriferous glands pass outwards to open on the 
summits of the ridges. Each papilla consists of very small and closely interlacing bundles 
of finely fibrillated tissue, with a few elastic fibres ; within this tissue th^re is a capillary 
loop, and in some papillae, especially in the palms of the hands and the fingers, there are 
oval corpuscles. 

The arteries supplying the skin form a network in the subcutaneous tissue, and from this 
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network branches are distributed to the sweat glands, the hair-follicles and the fat. Other 
branches unite in a plexus immediately beneath the corium, and from this plexus fine 
capillary vessels pass into the papillae. 

The lymph vessels of the skin form a superficial and a deep network, which communicate 
with each other and with the lymph vessels of the subcutaneous tissue by oblique 
branches. 

The nerves of the skin terminate partly in the epidermis and partly in the corium ; their 
different modes of ending are described on pp. 1216 to 1219. 

The appendages of the skin are the nails, the hairs, and the sweat and 
sebaceous glands. 

The nails (fig. 1078) are flattened, elastic structures of a horny texture, 
placed upon the distal parts of the dorsal surfaces of the fingers and toes. 
Each is implanted into a groove in the skin by a portion called the root ; the 
exposed part is called the body, and the distal extremity, the free border. The 
greater part of each collateral border of the nail is overlapped by a fold of skin, 
named the nail-wall. The nail is firmly adherent to the corium, being accurately 
moulded upon its surface ; the part of the corium beneath the nail is called 
the nail-bed. Under the greater part of the body of the nail the matrix is 
thick, and raised into a series of longitudinal ridges which are very vascular, 
and the colour is seen through the transparent tissue. Near the root of the 

Fig. 1078. — longitudinal section through the root of a nail. 
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nail the papillae are smaller, less vascular, and have no regular arrangement, 
and here the tissue of the nail is more opaque ; hence this portion is of a whiter 
colour, and is called the lunula on account of its shape. 

As the epidermis passes forwards on the dorsal surface of the finger or toe it 
is attached to the surface of the nail a little in advance of its root ; at the 
extremity of the digit it is connected with the under surface of the nail a little 
behind its free edge. The epidermis and the horny substance of the nail (also 
an epidermic structure) are thus directly continuous with each other. The 
superficial, horny part of the nail consists of a greatly thickened stratum 
lucidum, the stratum corneum forming merely the thin cuticular fold {eponych- 
ium) which overlaps the lunula ; the deeper part consists of the stratum 
aculeatum. The cells in contact with the papillse of the nail-bed are columnar 
in form and arranged perpendicularly to the surface ; the succeeding cells are 
round or polygonal, while the more superficial ones are thin and flat, and so 
closely packed as to make the limits of the cells very indistinct. The nails grow 
iia length by the proliferation Of the cells of the stratum aculeatum at the root 
of the nail, and in thickness from that part of the stratum aculeatum which 
underlies the lunula. 

The hairs are found on nearly every part of the surface of the body, but are 
absent from the palms of the hands, the soles of the feet, the dorsal surfaces of 
the distal phalanges, the glans penis, the inner surface of the prepuce and the 
^er surfaces of the labia. They vary much in length, thickness, and colour in 
^nerent parts of the body and in different races of mankind. In some parts, as 
in the skin of the eyelids, they are so short as not to project beyond the follicles 
containing them ; in others, as upon the scalp, they are of considerable length ; 
the eyelashes, the hairs of the pubic region, and the whiskers and beard are 
remarkable for their thickness. Straight hairs are stronger than curly hairs and 
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present on transverse section a cylindrical or oval outline : curly hairs, on the 
other hand, are flat. 

A hair consists of a root, the part implanted in the skin ; and a shaft [smpus], 
the portion projecting from the surface. 

The root of the hair ends in an enlargement, named the hair-bulb, which is whiter in 
colour and softer in texture than the shaft, and is lodged in an involution of the epidermis 
and superficial portion of the corium, called the hair-foUicle (fig. 1079). When the hair 
is of considerable length the follicle extends into the subcutaneous tissue. The hair- 
follicle commences on the surface of the skin with a funnel-shaped opening, and passes 



inwards in an oblique or curved direction— the latter in curly hairs— to become dilated 
at its deep extremity, where it corresponds with the hair-bulb. The ducts of one or more 
sebaceous glands open into the follicle near its free extremity. At the bottom of each 
hair-follicle there is a small conical, vascular eminence or papilla, similar in every respect 
to those found upon the surface of the skin ; it is continuous with the dermic layer of 
the follicle, and is supplied with nerve-fibrils. The hair-follicle consists of two coats— an 
outer or dermic, and an inner or epidermic (fig. 1080). 

The outer coat is formed mainly of fibrous tissue ; it is continuous with the corium, is 
highly vascular, and is supplied by numerous, minute, nervous filaments. It consists 
of three layers (fig. 1080). The most internal is a hyaline basement-membrane, which is 
well marked in the larger hair-follicles but is not very distinct in the follicles of minute 
hairs ; it is limited to the deeper part of the follicle. Outside this there is a compact 
layer of fibres and spindle-shaped cells, arranged circularly around the follicle ; this layer 
extends from the bottom of the follicle to the openings of the ducts of the sebaceous glands. 
Externally there is a thick layer of connective tissue, arranged in longitudinal bundles, 




1224 


THE SKEST 


forming a more open texture and corresponding with the reticular part of the corium ; 
this contains the blood-vessels and nerves. 

The inner coat is closely adherent to the root of the hair, and consists of two strata,' 
named respectively the outer and inner root-sheaths ; the outer root-sheath corresponds 
with the stratum aculeatum of the epidermis, and resembles it in the rounded form and 
soft character of its cells ; at the bottom of the hair-follicle these cells become continuous 
with those of the root of the hair. The inner root-sheath consists of : (1) a delicate cuticle 
next the hair, composed of a single layer of imbricated scales with atrophied nuclei ; (2) one . 

or two layers of horny, flattened, 
Fiq. 1080.— a transverse section through nucleated cells, known as Huxley’s 

one-half of a hair-follicle. layer; and (3) a single layer of 

cubical cells with clear, flattened 
nuclei, called Henle's layer (fig. 1080). 

The hair-bulb is moulded over the 
papilla and composed of polyhedral, 
epithelial cells. As they pass upwards 
into the root of the hair these cells 
become elongated and spindle-shaped, 
except those in the centre, which 
remain polyhedral. 

The shaft of the hair consists, from 
within outw'ards, of the medulla, the 
cortex and the cuticle. The medulla 
is usually absent from the fine hairs 
covering the surface of the body, and 
commonly from those of the head. 
When viewed by transmitted light it 
appears deeper in colour and more 
opaque than the cortex, but when 
viewed by reflected light it is white. 
It is composed of rows of poly- 
hedral cells, with air-spaces between, 
and sometimes within, the cells. The 
cortex constitutes the chief part of the 
shaft ; its cells are elongated and are 
united to form flattened, fusiform 
fibres, which contain pigment-granules 
in dark hair, and air in white hair. 
The cuticle consists of a single layer of 
flat scales which overlap one another 
from below upwards. 

Minute bundles of involun- 
tary muscular fibres, termed the 
Arrectores pilorum (fig. 1079), are connected with the hair-follicles. They 
arise from the superficial layer of the corium, and are inserted into the hair- 
follicle, below the entrance of the duct of the sebaceous gland. They are 
placed on the side towards which the hair slopes, and by their action diminish 
the obliquity of the follicle and elevate the hair.* The sebaceous gland is 
situated in the angle which the Arrector muscle forms with the superficial 
portion of the hair-follicle, and contraction of the muscle thus tends to squeeze 
the sebaceous secretion out from the duct of the gland. 

The sebaceous glands (fig. 1079) are small, sacculated, glandular organs, 
lodged in the substance of the corium. They are found in most parts of the 
skin, but are especially abundant in the scalp and face ; they are also very 
numerous around the apertures of the anus, nose, mouth and external ear, but 
are wanting in the palms of the hands and soles of the feet. Each gland consists 
of a single duct, more or less capacious, which emerges from a cluster of oval 
or flask-shaped alveoli, usually from two to five, but in some instances as many 
as twenty in number. Each alveolus is composed of a transparent basement- 
membrane, enclosing a number of epithelial cells. The outer or marginal cells 
are small and polyhedral, and are continuous with the cells lining the duct, 

* .^thur Thoroson suggested that the contraction of these muscles on follicles which 
contain weak,Jflat hairs will tend to produce a permanent curve in the follicle, and this curve 
will be impressed on the hair which is moulded within it so that the hair, on emerging 
through the skin, will be curled. Curved hair-follicles are characteristic of the scalp of the 
Bushman. 
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The remainder of the alveolus is filled with larger cells, containing fat, but 
in its centre the cells are broken up, leaving a cavity filled with their debris 
and a mass of fatty matter, which constitutes the sebum cutaneum. The ducts 
open most frequently into the hair-follicles, but occasionally upon the general 
surface, as in the labia minora and the free margins of the lips. On the nose and 
face the glands are of large size, dis- 
tinctly lobulated, and often become Fig. 1081 .— The body of a sudoriferous gland 
much enlarged from the accumul- cut in various directions. (From Klein and 

ation of pent-up secretion. The Noble Smith’s Atlas of Histology.) 


tarsal glands of the eyelids are 
elongated, sebaceous glands with 
numerous, lateral diverticula. 

The sweat glands (figs. 1076, 1081) 
are found in almost every part of the 
skin, and are situated in small pits 
on the under surface of the corium, 
or, more frequently, in the subcut- 
aneous tissue, surrounded by a 
quantity of adipose tissue. Each 
consists of a single tube, the deep 
part of which is rolled into an oval 
or spherical ball, named the body of 
the gland, while the superficial part, or 
duct, traverses the corium and cuticle 
and opens on the surface of the skin 
by a funnel-shaped aperture. In the 
superficial layers of the corium the 



a. Longitudinal section through the proximal part of 
the coiled tube. b. Transverse section through the same. 
e. Longitudinal section through the distal part of the 
coiled tube. d. Transverse section through the same. 


duct is straight, but in the deeper layers it is convoluted or twisted ; where the 
epidermis is thick, as in the palms of the hands and soles of the feet, the part 
of the duct which passes through it is spirally coiled. The size of the glands 
varies. They are especially large in those regions where the amount of per- 
spiration is great, as in the axillae, where they form a thin, mamillated layer of a 
reddish colour, which corresponds exactly with the situation of the hair in this 
region ; they are large also in the groin- Their mimber varies. They are very 
plentiful on the palms of the hands, and on the soles of the feet, where the 
orifices of the ducts are exceedingly regular, and open on the curved ridges of 
the epidermis ; they are least numerous in the neck and back. The tube, both 
in the body of the gland and in the duct, consists of two layers — an outer, of 
fine areolar tissue, and an inner, of epithelium (fig. 1081). The outer layer is 
thin and is continuous with the superficial stratum of the corium. In the body 
of the gland the epithelium consists of a single layer of cubical cells, between the 
deep ends of which and the basement-membrane there is a layer of longitud- 
inally or obliquely arranged non-striped muscular fibres. The ducts are destitute 
of muscular fibres, and are composed of a basement-membrane lined by two or 
three layers of polyhedral cells ; the lumen of the duct is coated by a thin 
cuticle. When the epidermis is carefully removed from the surface of the 
corium, the ducts may be drawn out in the form of short, thread-like processes 
on its under surface. 


The ceruminous glands of the external auditory meatus are modified sweat 
glands. 


C.A. 
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rpHE organs which constitute the respiratory, digestive and urogenital systems, 
J- and the ductless glands, are described under this heading. 


THE KESPIRATORY SYSTEM 

The respiratory system comprises the two lungs, which are the essential 
organs of the system, and a series of air-passages which conduct air to them. 
In addition the two pleural sacs, which are derived from the general coelom 
and are inseparably associated with the lungs, are included under this heading. 

The air-passages are the nasal cavity, the pharynx, the larynx, the trachea, 
the bronchi and their smaller subdivisions. Owing to the gaseous nature of 
their contents the air-passages must be kept constantly patent and their walls 
are therefore provided with a skeletal framework of bone or cartilage. In the 
nasal cavity, which is described on pp. 273 to 277, and the pharynx, which 
is described on pp. 1290 to 1298, the skeletal framework is osseous for the most 
part, but in the remaining passages it consists entirely of cartilage. 


The Lahynx 


The larynx, which is the organ of the voice as well as an air-passage, is 
situated between the root of the tongue and the trachea, at the upper and 
anterior part of the neck. In this situation it projects forwards between the 
great vessels, and is covered anteriorly by the skin, the fasciae, and the depressor 
muscles of the hyoid bone (fig. 1082). Above, it opens into the laryngeal part 
of the pharynx, of which it forms the anterior wall ; below, it is continuous 
with the trachea. In the adult male it is situated opposite the third, fourth, 
fifth and sixth cervical vertebrae, but it occupies a somewhat higher position in 
the child and in the adult female. Symington states that in infants of between 
six and twelve months the tip of the epiglottis, or highest part of the larynx, is a 
little above the level of the cartilaginous disc between the odontoid process and 
the body of the axis. Its average measurements in the adult are as follows : 



In males. 

In females. 

Length 

44 mm. 

36 mm. 

Transverse diameter 

- 43 „ 

41 „ 

Anteroposterior diameter 

. 36 „ 

26 „ 

Circumference 

. 136 

112 „ 


Until puberty the larynx of the male differs little in size from that of the 
female. In the female its increase at puberty is only small. In the male the 
increase is considerable ; all the cartilages enlarge and the thyroid cartilage 
projects in the anterior median line of the neck, while the anteroposterior 
diameter is nearly doubled. 

The skeletal framework of the larynx is formed of cartilages, which are con- 
nected by ligaments and membranes, and are moved by numerous muscles. 
It is lined with mucous membrane continuous above and behind with that of 
the pharynx and below with that of the trachea. 

The cartilages of the larynx are nine in number, three single and three paired, 
viz. : 


Thyroid. 

Cricoid. 

Epiglottis. 


Two Arytenoid. 
Two Comiculate, 
Two Cuneiform. 
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The thyroid cartilage (figs. 1082, 1084, 1085) is the largest cartilage of the 
larynx. It consists of two laminae, the anterior borders of which are fused at 
an angle in the median plane, and form a subcutaneous projection named 


Fig. 1082. — section across the anterior part of the neck at the level of the 

vocal folds. 
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Vertebral artery and vein 


the laryngeal prominence (Adam’s apple) (fig. 1082). This prominence is most 
distinct at its upper part, and is well marked in the male but scarcely visible 
in the female. Immediately above it the laminoe are separated by a V-shaped 
notch, tern::ied the thyroid notch. 


Fig. 1083.— -A section across the anterior part of the nock at the level of the lower 
part of tho lamina of the cricoid cartilage. 
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The laminoB are irregularly quadrilateral in shape, and their posterior angles 
are prolonged into processes termed the superior and inferior horns. 

On the outer surface of each lamina an oblique line runs downwards and 
forwards from the superior thyroid tubercle, which is situated a little in front 
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of the root of the superior horn, to the inferior thyroid tubercle on the lower 
border of the lamina. This line gives insertion to the Sternothyroid, and origin 
to the Th 3 n’ohyoid and Constrictor pharyngis inferior. The inner surface is 
smooth : above and behind, it is slightly concave and covered with mucous 
membrane. In front, in the angle formed by the junction of the laminae, the 
th 3 n*o- epiglottic ligament is attached, and on each side the vestibular (ventric- 
ular) and vocal Ligaments, the Thyreoarytaenoideus, Thyreoepiglotticus and 
Vocalis muscles gain attachment. 

The upper border of each lamina is concave behind and convex in front ; it gives 
attachment to the corresponding half of the thyrohyoid membrane. The lower 
border is concave behind, and nearly straight in front, the two parts being separ- 
ated by the inferior thyroid tubercle. A small part of it in and near the median 
plane is connected to the cricoid cartilage by the cricothyroid ligament. 

The anterior border is fused with that of the opposite lamina, forming with 
it an angle of about 90° in men, and about 120° in women. In men the greater 
projection of the laryngeal prominence, the greater length of the vocal fold 
and the resultant deeper pitch of the voice are all associated with the smaller 
size of the thyroid angle. The posterior border, thick and rounded, re- 


Fia. 1084. — The epiglottis, posterior stirface, and the left lamina of the thyroid 
cartilage, lateral surface. 




oeives the insertions of fibres of the Stylopharyngeus and Palatopharyngous 
(Pharyngopalatinus) muscles. It ends in the superior and inferior horns. 
The superior horn, long and narrow, is directed upwards, backwards and 
medially, and ends in a conical extremity, which gives attachment to the 
lateral thyrohyoid ligament. The inferior horn, short and thick, is directed 
downwards, with a slight inclination forwards and medially ; on the medial 
surface of its lower end there is a small oval facet for articulation with the 
side of the cricoid cartilage. 

During infancy a narrow, lozenge-shaped, flexible strip, named the intra- 
thyroid cartilage, occupies the interval between the two lamime anteriorly and 
is joined to them by connective tissue. 

The cricoid cartilage (figs. 1086 to 1089) is smaller, but thicker and stronger 
than the thyroid cartilage. It is shaped like a signet-ring, and forms the lower 
parts of the anterior and lateral walls and most of the posterior wall of the 
larynx. It comprises a quadrate posterior lamina, and a narrow anterior arch. 

The lamina of the cricoid cartilage is deep and broad, and measures vert- 
ically from 2 cm. to 3 cm. ; the posterior surface is marked by a median, vertical 
ridge, to the upper part of which the two fasciculi of the longitudinal fibres of 
the oesophagus are attached by a tendon (p. 1301) ; and on each side of the 
ridge there is a shallow depression for the origin of the Cricoarytajnoideus 
posterior. The arch is narrow in front, measuring vertically from 5 mm. to 
7 mm., but widens posteriorly as it approaches the lamina ; on each side it 
affords attachment in front and at the side to the Cricothyroid muscle, and 
behind, to part of the Inferior constrictor of the pharynx. It can be felt easily 
in the living subject below the laryngeal prominence and separated from it by 
a slight depression which corresponds to the cricothyroid ligament. On each 
side, at the junction of the lamina with the arch, there is a prominent circular 
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facet, directed laterally and backwards, for articulation with the inferior horn 
of the thyroid cartilage. The lower border of the cricoid cartilage is horizontal, 
and connected to the highest ring of the trachea by the cricotraoheal ligament. 
The upper border runs obliquely upwards and backwards, owing to the great 
depth of the lamina. It gives attachment, in front, to the cricothyroid liga- 
ment ; at the sides, to the cricovocal membrane (conus elasticus) and the 
Cricoarytaenoidei laterales ; behind, it presents a median shallow notch, and 
on each side of this there is a smooth, oval, convex surface, directed upwards 
and laterally, for articulation with the base of the arytenoid cartilage. The 
inner surface of the cricoid cartilage is lined with mucous membrane. 

The paired arytenoid cartilages (figs. 1086, 1088) are situated at the upper 
border of the lamina of the cricoid cartilage, at the back of the larynx. Each 
is pyramidal in form, and has three surfaces, a base and an apex. 

The posterior surface^ triangular, smooth and concave, is covered with the 
Arytaenoideus transversus. The anterolateral surface is somewhat convex and 
rough. On it, near the apex of the cartilage, there is an elevation {colliculus) 
from which a crest {crista arcuata) curves at first backwards and then down- 


A Thyroid notch 


Fig. 1085. — The thyroid cartilage. 

B 



Laryngeal prominence 
A, anterior aspect. 



wards and forwards to the vocal process. The lower part of this crest inter- 
venes between two depressions or fovese, an upper, triangular, and a lower, 
oblong in shape ; to the upper the vestibular (ventricular) ligament is attached ; 
to the lower, the Vocalis and Cricoarytaenoideus lateralis. The medial surface is 
narrow, smooth and flat ; it is covered with mucous membrane, and its lower 
edge forms the lateral boundary of the intercartilaginous part of the rima 
glottidis. The base is concave, and presents a smooth surface for articulation 
with the upper border of the lamina of the cricoid cartilage. Its lateral angle 
or muscular process, rounded and prominent, projects backwards and laterally, 
and gives insertion to the Cricoaryib(enoideus posterior behind, and to the Crico- 
arytsenoideus lateralis in front. Its anterior angle or vocal process is pointed ; it 
projects horizontally forwards and gives attachment to the vocal ligament. The 
apex curves backwards and medially, and articulates with the corniculate cartilage. 

^ The corniculate cartilages (figs. 1088, 1095) are two small conical nodules of 
yellow elastic cartilage which articulate with the summits of the arytenoid 
cartilages and serve to prolong them backwards and medially. They are 
situated in the posterior parts of the aryepiglottic folds of mucous membrane, 
and are sometimes fused with the arytenoid cartilages. 

The cuneiform cartilages (fig. 1089) are two small, elongated pieces of yellow 
elastic cartilage, placed one in each aryepiglottic fold, where they give rise to 
whitish elevations on the surface of the mucous membrane, just in front of the 
corniculate cartilages. 

The cartilage of the epiglottis * (figs. 1085, 1088, 1089) is a thin, leaf-like 
lamella of yellow fibrocartilage, which projects obliquely upwards behind the 

* The “ Function of the Epiglottis ” is discussed by V. E. Negus. Jowml of Anatomy, 
vol. 62, 1927. 



1230 


SPLANCHNOLOGY 


tongue and the body of the hyoid bone, and in front of the entrance to the 
larynx/ The free extremity, broad and rounded, is directed upwards ; the 
attached part or stem is long, narrow, and connected by an elastic ligament, 
named the thyro-epiglottic ligament, to the angle formed by the two laminae of 
the thyroid cartilage, a short distance below the thyroid notch. The sides of the 
epiglottis are attached to the arytenoid cartilages by the aryepiglottic folds of 
mucous membrane (p. 1233). 

The upper part of the anterior surface of the epiglottis is free, and covered 
with npLUCous membrane, which is reflected on to the pharyngeal part of the 
tongue and on to the lateral wall of the pharynx, forming a median glosso^ 
epiglottic fold and two lateral pharyngo-epiglottic folds. The depression on 
each side of the glosso-epiglottic fold is named the vallecula. The lower part 
of the anterior surface lies behind the hyoid bone and the thyrohyoid membrane, 
and is connected to the upper border of the hyoid bone by an elastic ligament. 


For articulation with 
arytenoid cartilage 
Tendon of oesophagus 


posterior 


Fig. 1086. — ^The arytenoid and cricoid cartilages. 
A B 


For articulation with 
cricoid cartilage 



For articulation with 
arytenoid cartilage 

Cricothyroid m. 

For articulation with 
thyroid cartilage 

Constrictor pharyngis 
inferior 


A, the left arytenoid cartilage, medial aspect. B, the right arytenoid cartilage, medial aspect. 
C, the cricoid cartilage, posterior aspect. D, the cricoid cartilage, left lateral aspect. 


named the hyo-epighUic ligament; it is separated from the thyrohyoid 
membrane by some fatty tissue. 

The posterior surface of the epiglottis is smooth, concave from side to side, 
concavoconvex from above downwards, and covered with mucous membrane ; 
its lower part- projects backwards as an elevation, known as the tubercle. When 
the mucous membrane is removed, the cartilage is seen to be indented by a 
number of small pits in which mucous glands are lodged. 

Structure. — The comiculate and cuneiform cartilages, the epiglottis, and the apices of 
the arytenoids consist of yellow fibrocartilage, which shows little tendency to calcification. 
The thyroid, cricoid, and the greater part of the arytenoids consist of hyaline cartilage, 
and become more or less ossified as age advances. Ossification commences about the 
twenty-fifth year in the thyroid cartilage, and somewhat later in the cricoid and the ary- 
tenoids ; by the sixty-fifth year these cartilages may be completely converted into bone. 

Joints. — ^The joints between the inferior horns of the thyroid cartilage 
and the sides of the cricoid cartilage are synovial, and each is enveloped by 
a capsular ligament, which is strengthened posteriorly by a fibrous band. 
Eotatory and gliding movements occur at these joints. The rotatory move- 
ment is one in which the cricoid cartilage rotates upon the inferior horns of 
the thyroid cartilage around an axis passing transversely through both joints. 
The gliding movement consists in a limited shifting of the cricoid on the thyroid 
in different directions. 

A pair of synovial joints exist between the facets on the upper border of 
the lamina of the cricoid cartilage and the bases of the arytenoid cartilages ; 
each joint is enclosed by a capsular ligament, and a strong posterior crico- 
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arytenoid ligament connects the cricoid cartilage with the medial and posterior 
part of the base of the arji^enoid cartilage. These joints permit of two varieties 
of movement : one is a rotation of the arytenoid on a vertical axis, whereby the 
vocal process is moved laterally or medially, and the rima glottidis increased or 
diminished ; the other is a gliding movement, and allows the arytenoid cart- 
ilages to approach or recede from each other ; from the direction and slope of 
the articular surfaces lateral gliding is accompanied by a forward and downward 
movement. The two movements of gliding and rotation are associated, the 
medial gliding being connected with medial rotation, and the lateral gliding with 
lateral rotation. The posterior crico-arytenoid ligaments limit the forward 
movements of the arytenoid cartilages on the cricoid cartilage. 


Fio. 1087. — ^The ligaments of the larynx. Anterolateral aspect. 
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A cartilaginous, sometimes a synovial, joint exists between the apex of each 
arytenoid cartilage and the corresponding comiculate cartilage, and a Y-shaped 
ligament, termed the cricopharyngeal ligament, unites the apices of the comic- 
ulate cartilages to the upper border of the lamina of the cricoid cartilage. 

Ligaments and membranes. — The ligaments of the larynx (figs. 1087, 1088) 
are (a) extrinsic, those connecting the thyroid cartilage and epiglottis with the 
hyoid bone, and the cricoid cartilage with the trachea ; and (6) intrinsic, those 
uniting the cartilages of the larynx to one another. 

Extrinsic ligaments. — The thyroid cartilage is connected to the hyoid bone 
by the thyrohyoid membrane, and by a median and two lateral thyrohyoid 
ligaments. 

The thyrohyoid membrane is a broad, fibro-elastic layer, attached below to 
the upper border of the thyroid cartilage and to the firont of its superior horns, 
and above to the upper margin of the posterior surface of the body and greater 
horns of the hyoid bone. As it ascends, it passes behind the posterior surface 
of the body of the hyoid bone, and is separated from it by a bursa, which facil- 
itates the upward movement of the lar3mx during deglutition. The middle, 
thicker, part of the membrane is termed the median thyrohyoid ligament ; on 
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Fia. 1088. — ^The ligaments of the larynx. 
Posterior aspect. 


Hyoid botie 


CartiUbgo triticea 


Comiculate cartiluffe 


, Arytenoid curtiUtffe 


each side the lateral thinner portion is pierced by the superior laryngeal vessels 
and the internal laryngeal nerve. Its outer surface is in relation with the 
Thyrohyoid, Sternohyoid and Omohyoid muscles, and with the body of the 

hyoid bone. , , . i ^ 

The lateral thyrohyoid ligaments are round elastic cords which form the 
posterior borders of the thyrohyoid membrane, and connect the tips of the 
superior horns of the thyroid cartilage to the posterior ends of the greater 
horns of the hyoid bone. A small cartilaginous nodule, termed the cartilage 
triticea^ is frequently found in each ligament. 

The epiglottis is attached to the hyoid bone by the hyo-epiglottic ligament, 

and to the thyroid cartilage 
by the thyro-epiglottic liga- 
ment (p. 1230). 

The cHcotracheal ligament 
unites the lower border of the 
cricoid cartilage with the first 
ring of th'e trachea. It is 
continuous below with the 
fibrous membrane which in- 
vests the rings of the trachea. 
Intrinsic ligaments. — Be- 
neath the mucous membrane 
of the larynx there is a broad 
sheet of fibrous tissue which 
contains many elastic fibres, 
and is termed the elastic 
membrane of the larynx. It is 
subdivided on each side by 
the interval between the ves- 
tibular (ventricular) and vocal 
ligaments ; the upper por- 
tion extends between the 
arytenoid cartilage and the 
cartilage of the epiglottis, and 
is often poorly defined ; the 
lower |)art is a well-marked 
membrane forming, with its 
fellow of the opposite side, 
the cricovocal membrane 
(conus elasticus), which con- 
nects the thyroki, cricoid, and 
arytenoid cartilages one to 
another. The joints between 
the indivklual cartilages are 
also provided with ligaments, 
already described. 

The cricovocal membrane (conus elasticus) (fig. 1080) is composed mainly 
of yellow elastic tissue. It consists of an anterior and two lateral parts. Tlie 
anterior part, or cricothyroid ligament, is thick and strong, narrow above and 
broad below. It connects the front parts of the contiguous margins of 
the thyroid and cricoid cartilages. It is overlapped on each skie by the 
Cricothjnroid, but between these muscles it is subcutaneous ; its upper 
part is crossed by a small arterial arch, formed by the junction of the two 
cricothyroid arteries ; branches of this arch pierce the ligament. The 
lateral part of the cricovocal membrane is thinner ; it is lined with the 
mucous membrane of the lar^x, and is covered with the Cricoarytenoideus 
lateralis and Thyreoarytsenoideus. It extends upwards and medially from 
the inner edge of the superior border of the cricoid cartilage, and is attached, 
in front, to the deep surface of the thyroid angle and, behind, to the inferior 
surface and tip of the vocal process of the arytenoid cartilage. Between 
these two attachments, the upper edge of the lateral part of the cricovocal membrane 
is free and is thickened slightly to form the vocal ligament (fig, 1089). 
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Cavum laryngis (figs. 1090, 1091). — ^The cavity of the larynx extends from the 
laryngeal inlet, by which it communicates with the pharynx, to the level of 
the lower border of the cricoid cartilage, where it is continuous with the cavity 
of the trachea. It is divided into three parts by an upper and a lower pair of 
folds of mucous membrane which project from the sides of the cavity into its 
interior. The upper folds are named the vestibular folds (ventricular folds), and 
the fissure between them is called the rima vestibuli. The lower folds are 
concerned in the production of the voice, and are therefore named the vocal 
folks j and the fissure between them is called the rirm glottidis. 

The inlet of the larynx [aditus laryngis] (fig. 1092) is the aperture through 
which the laryngeal cavity opens into the pharynx. The plane of the aperture 


Fig. 1089. — dissection to show the right half of the crico vocal membrane. The right 
lamina of the thyroid cartilage and the subjacent muscles have been removed. 


Greater horn of hyoid hone. 


Lateral thyrohyoid 
ligament 


Superior horn of^ 
thyroid cartilage. 

Cuneiform cartilage 

Corniculate cartilage 


Muscular process of ■ 
arytenoid cartilage 

Vocal process of 
arytenoid cartilage 

Articular facet fa 
inferior horn of 
thyroid cartilage 



Epiglottis 


Body of hyoid bone 
Mil ^Vestibular fold 


Thyroid cartilage (cut) 

Left vocal fold and right 
vocal ligament 

Cricovocal membrane 


is directed backwards and very slightly upwards, for the anterior wall of the 
larynx is much longer than its posterior wall and slopes downwards and forwards 
in its upper part (fig. 1090). The opening is bounded anteriorly by the upper 
edge of the epiglottis, posteriorly by the mucous membrane stretching between 
the arytenoid cartilages, and on each side by the free edge of a fold of mucous 
membrane which stretches between the side of the epiglottis and the apex of 
the arytenoid cartilage and contains some ligaments and muscular fibres ; this 
is the aryepiglottic fold, and on the posterior part of its free margin there are two 
oval elevations, an anterior produced by the cuneiform cartilage, and a posterior 
by the corniculate cartilage. These elevations are separated by a shallow 
vertical furrow, which is continuous below with the opening into the sinus 
(ventricle) of the larynx. 

The vestibule of the larynx (figs. 1090, 1091) is the part between the laryngeal 
inlet and the level of the vestibular folds ; it is wide above, and narrow below. 
Its anterior wall is much deeper than its posterior wall and consists of the 
posterior surface of the epiglottis, the lower part of which projects backwards, 
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as the tubercle (p. 1230). Its lateral walls, deep in front and shallow behind, 
are formed by the medial surfaces of the aryepiglottic folds ; its posterior 
wall consists of the mucous membrane connecting the arytenoid cartilages, 
above the level of the vestibular folds. 

The middle part of the laryngeal cavity is the smallest. It reaches from the 
level of the rima vestibuH to that of the rima glottidis. On each side it opens, 
through a slit between the vestibular and vocal folds, into a recess which is 
named the sinus of the larynx. 

The sinus (ventricle) of the larynx (figs. 1090, 1091) is a fusiform recess on 
each side, between the vestibular and vocal folds, and ascending for a short, 
distance outside the vestibular fold. It is lined with mucous membrane, 
lateral to which is the corresponding Thyroarytenoid muscle. From the anterior 
part of the sinus a narrow opening leads upwards into the saccule of the larynx. 


Fig. 1090 . — sagittal section through the larynx. 
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The saccule of the larynx (appendix of the ventricle) (fig. 1091) is a pouch 
which ascends from the anterior part of the sinus, between the vestibular 
fold and the mner surface of the thyroid cartilage, occasionally extending as 
high as the upper border of the cartilage ; it is conical in form, and curved 
slightly backwards. On the surface of its mucous membrane there are the 
openings of sixty or seventy mucous glands, which are lodged in the sub- 
mucous areolar tissue. The saccule is enclosed in a fibrous capsule continuous 
below with the vestibular ligament. Its medial surface is covered by a few 
delicate muscular fasciculi, which arise from the apex of the arytenoid cartilage 
and, passing forwards between the saccule of the larynx and the mucous 
membrane of the vestibule, become lost in the aryepiglottic fold ; laterally it 
is separated from the thyroid cartilage by the Thyreoepiglotticus. These 
muscles cornpress the sac and express the secretion of its glands upon the vocal 
fold to lubricate its surfaces. 

The vestibular folds (ventricular folds) (figs. 1089, 1090, 1091) are two thick 
folds of mucous membrane, each enclosing a narrow band of fibrous tissue, 
termed the vestibular ligament, which is fixed in front to the angle of the thyroid 
cartilage immediately below the attachment of the epiglottic cartilage, and 
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behind to the anterolateral surface of the arytenoid cartilage, a short distance 
above the vocal process. 

The vocal folds (figs. 1089, 1090, 1091) are two sharp folds of mucous mem- 
brane which stretch from the angle of the thyroid cartilage, at about its middle, 
to the vocal processes of the arytenoid cartilages. They form the lateral 
boundaries of the rima glottidis in its anterior part and are intimately concerned 
in the production of the voice. The epithelium which covers the vocal fold is 
of the stratified squamous type and is closely bound down to the underlying 
vocal ligament. As a result of the 

absence of a submucous layer with Fio-. 1091. — A coronal section through the 
its contained blood-vessels, the vocal larynx and the upper part of the trachea, 
fold is pearly white in colour in the 
living subject. The vocal ligament, 
which is continuous below with the 
lateral part of the cricovocal membrane 
(conus elasticus) (p. 1232), consists of 
a band of yellow elastic tissue, related, 
on its lateral side, to the Vocalis mus- 
cles (p. 1238). 

The rima glottidis (fig. 1093) is a 
fissure situated between the vocal folds 
anteriorly, and between the bases and 
vocal processes of the arytenoid car- 
tilages posteriorly ; it is limited behind 
by the mucous membrane passing be- 
tween the arytenoid cartilages, at 
the level of the vocal folds. The por- 
tion between the vocal folds is named 
the intermembranous part, and meas- 
ures about three-fifths of the length of 
the entire aperture ; that between the 
arytenoid cartilages is named the 
intercartilaginous part. The average 
length of the rima glottidis, in the 
adult male, is 23 mm. ; in the adult 
female, 17 mm. It is the narrowest 
part of the larynx, but its width and 
shape vary with the movements of 
the vocal folds and arytenoid car- 
tilages during respiration and phonation. In the condition of rest, as in quiet 
respiration, the intermembranous part is triangular, with its apex in front 
and its base behind — the latter being represented by a line, about 8 mm. 
long, connecting the anterior ends of the vocal processes — ^while the medial 
surfaces of the arytenoid cartilages are parallel to each other and hence the 
intercartilaginous part is rectangular. During extreme adduction of the vocal 
folds, as in the production of a high note, the intermembranous part of the 
rima glottidis is reduced to a linear slit by the approximation of the vocal folds, 
while the intercartilaginous part becomes triangular, its apex corresponding 
to the anterior ends of the vocal processes of the arytenoid cartilages, which are 
brought close together by the medial rotation of the cartilages. Conversely, in 
extreme abduction of the vocal folds, as in forced inspiration, the arytenoid 
cartilages are rotated laterally, and their vocal processes are drawn widely 
apart, with the result that the intercartilaginous part is triangular in shape but 
with its apex directed backwards. In this condition the rima glottidis is some- 
what lozenge-shaped, the sides of the intermembranous part diverging from 
before backwards, those of the intercartilaginous part diverging from behind 
forwards — ^the widest part of the aperture corresponding with the attachments 
of the vocal folds to the vocal processes. 

The lower part of the laryngeal cavity extends from the level of the vocal 
folds to the lower border of the cricoid cartilage. Its upper part is elliptical 
in form, but its lower part widens, assumes a circular shape, and is continuous 
with the cavity of the trachea. It is lined with mucous membrane, and its 
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walls consist of the cricovocal membrane (conus elasticus) above, and the inner 
surface of the cricoid cartilage below. 

Muscles. — The muscles of the larynx are divisible into two groups : — (1) ex- 
trinsic and (2) intrinsic, 

(1) The extrinsic muscles pass between the larjmx and neighbouring struct- 
ures, and are described in the section on Myology. 

(2) The intrinsic muscles are : 

Cricothyreoideus Arytsenoideus transversus. 

pars obliqua, Arytsenoideus obliquus. 

pars recta. Aryepiglotticus. 

Cricoarytsenoideus posterior. Th 3 n:eoary tsenoideus . 

Cricoarytsenoideus lateralis. Vocalis. 

Thyreoepiglotticus. 

With the exception of the Arytaenoideus transversus these muscles are paired. 

The Cricothyroid (fig. 1094), triangular in form, arises from the front and 
lateral part of the outer surface of the cricoid cartilage ; its fibres diverge, and 


Pia. 1092. — ^The inlet of the larynx, viewed from behind. The posterior wall 
of the pharynx has been divided in the median plane and two glass rods 
have been inserted to keep the cut portions apart. 


Soft palate 



are ganged m two ^oups. The lower fibres constitute the oblique part and 
laterally to the anterior border of the inferior hom, while 
fibres form tlae stra^ht part and run upwards and backwards to the 
postoor part of the lower border of the lamina of the thyroid cartilage. 

The medi^ borders of the two muscles are separated by a triangular interval 
subcutaneous part of the cricothyroid ligament ^ 

The Onc^ryMdeus posterior (fig. 1095) arises from the lower and medial 
part of the broad depression on the corresponding half of the posterior surface 
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of the lamina of the cricoid cartilage ; its fibres, directed upwards and laterally, 
converge to be inserted into the back of the muscular process of the arytenoid 
cartilage. The highest fibres are nearly horizontal, the middle oblique and the 
lowest almost vertical. 


Fig. 1093. — A laryngoscopic view of the interior of the larynx. 
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The Cricoarytcenoideus lateralis (fig. 1096) is smaller than the preceding 
muscle ; it arises from the upper border of the arch of the cricoid cartilage, and, 
passing obliquely upwards and backwards, is inserted into the front of the 
muscular process of the arytenoid cartilage. 


Fig. 1094. — A side view of the larynx, showing the muscular attachments. 



The Arytcenoideus transversus (fig. 1095) is a single muscle which bridges the 
interval between the arytenoid cartilages and fills the posterior concave surfaces 
of these cartilages. It arises from the back of the muscular process and lateral 
border of the arytenoid cartilage of one side, and is inserted into the correspond- 
ing parts of the cartilage on the opposite side. 

The Arytmnoideus obliquus (fig. 1095), superficial to the Arytsenoideus trans- 
versus, consists of two fasciculi which cross each other like the limbs of the 
letter X. Each passes from the back of the muscular process of one arytenoid 
cartilage to the apex of the opposite cartilage. Some of the fibres are continued 
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round the lateral margin of the apex of the arytenoid cartilage, and are prolonged 
into the aryepiglottic fold ; they constitute the Arye'piglotticus muscle. 

The ThyTeodTytcBTioid&us (fig. 1096) is a broad, thin muscle, which is situated 
lateral to the vocal fold, the cricovocal membrane, the sinus and the saccule 
of the larynx. It arises in front from the lower half of the angle of the thyroid 
cartilage, and from the cricothyroid ligament. Its fibres pass backwards, later- 
ally and upwards, to be inserted into the anterolateral surface of the arytenoid 
cartilage. The lower and deeper fibres of the muscle form a band which, in a 

Fig. 1095.— The muscles of the larynx. Posterior aspect. 
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coronal section, appears as a triangular bundle, and is attached to the lateral 
surface of the vocal process and to the inferior impression on the antero- 
lateral surface of the arytenoid cartilage. This bundle i.s named the Vocalis 
muscle, and is parallel with, and just lateral to, the vocal ligament. The 
Vocalis is thicker behind than in front, because many of its deeper fibres take 
origin from the vocal ligament, and so do not extend so far forwards as the 
thyroid cartilage. A considerable number of the fibres of the Thyreoarytaen- 
oideus are prolonged into the aryepiglottic fold, where some of them are lost, 
while others are continued to the margin of the epiglottis, forming the 
Thyreoepiglotticus, A few fibres extend along the wall of the sinus (ventricle) 
from the lateral margin of the arytenoid cartfiage to the side of the epiglottis. 
The Thyreoarytcenoideus superior (fig. 1096) is not always present. 
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Actions. — The muscles of the larynx may be conveniently divided into three 
groups, (1) those which open and close the glottis, viz. the Cricoarytaenoidei 
posteriores et laterales and the Arytsenoidei ; (2) those which regulate the degree 
of tension of the vocal ligaments, viz. the Cricothyreoidei, the Thyreoarytaen- 
oidei, and the Vocales ; (3) those which modify the inlet of the larynx, viz. 
the ^yepiglottici and the Thyreoepiglottici. 


Fig. 1096. — The muscles of the larynx. Lateral aspect. The left lamina of the 
thyroid cartilage has been removed. 
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The Cricoaryicenoidei posteriores open the glottis, by rotating the arytenoid cartilage 
laterally around a vertical axis passing through the crico-arytenoid joints, so that the vocal 
processes and the attached vocal folds are separated. 

The Cricoarytmnoidei laterales close the glottis, by rotating the arytenoid cartilages 
medially so as to approximate the vocal processes. 

The Arytoenoideus transvmus approximates the arytenoid cartilages, and thus closes 
the opening of the glottis, especially at its posterior part. 

The Cricothyroids produce tension and elongation of the vocal ligaments by drawing 
up the arch of the cricoid cartilage and tilting back the upper border of its lamina ; the 
distance between the vocal processes and the angle of the thyroid is thus increased, and 
the vocal ligaments are consequently put on the stretch. 

The Thyreoarytmnoidei draw the arytenoid cartilages forwards towards the thyroid, and 
thus shorten and relax the vocal ligaments. At the same time they rotate the arytenoid 
cartilages medially and approximate the vocal folds. The deeper fibres, forming the 
Vocales, produce relaxation of the posterior parts of the vocal ligaments, while the anterior 
part is tense, the effect being to raise the pitch of the voice. 

The Arytcenoidei ohliqui and the AryepigloUici act as a sphincter of the inlet of the 
larynx, by bringing the aryepiglottio folds together, and by approximating the arytenoid 
cartilages to the tubercle of the epiglottis. 

The Thyreoepiglottici tend to widen the inlet of the larynx by their action on the aiy- 
epiglottic folds. 

The manner in which the inlet of the larynx is closed during deglutition is referred 
to on p, 1299. 

Mucous Membrane. — The mucous membrane of the larynx is continuous above with 
that of the mouth and pharynx, below with that of the trachea. It ^ loosely attached to 
the anterior surface of the epiglottis, and to the underlying tissues in the valleculae. It 
covers the aryepiglottio folds, which bound the inlet of the larynx ; in these folds there 
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is a considerable amount of areolar tissue. It lines the cavity of the larynx, forms, by its 
reduplication, the chief parts of the vestibular folds, and is continued into the sinus and 
saccule of the larynx. It is firmly attached to the posterior surface of the epiglottis and 
to the laryngeal surfaces of the cuneiform and arytenoid cartilages. The parts covering 
the vocal ligaments are thin and intimately adherent to them. On the anterior surface, 
and the upper half of the posterior surface, of the epiglottis, the upper part of the aryepi- 
glottic folds, and the vocal folds, the epithelium of the mucous membrane is of the stratified 
squamous type ; patches of stratified squamous epithelium are also found above the 
glottis. The rest of the laryngeal mucous membrane is covered with ciliated columnar 
epithelium. 

Glands . — ^The mucous membrane of the larynx is furnished with numerous mucous 
glands ; they are very plentiful upon the epiglottis, where they are lodged in little pits ; 
many are present in the margins of the aryepiglottic folds in front of the arytenoid cart- 
ilages, where they are termed the arytenoid glands. They are large and numerous in the 
saccules of the larynx. The free edges of the vocal folds are devoid of glands. 

Tasted)vds, similar to those in the tongue, are scattered over the posterior surface of the 
epiglottis, in the aryepiglottic folds, and less regularly in some other parts of the larynx. 

Vessels and Nerves. — The chief arteries of the larynx are the laryngeal branches of the 
superior and inferior thyroid arteries. The veins accompanying the superior laryngeal 
artery join the superior thyroid vein, which opens into the internal jugular vein ; those 
accompanying the inferior laryngeal artery join the inferior thyroid vein, which opens 
into the innominate vein. The lymph vessels are divisible into two sets, a superior above 
the vocal folds, and an inferior below; the superior vessels accompany the superior 
laryngeal artery, pierce the thyrohyoid membrane, and end in the deep cervical lymph 
glands situated near the bifurcation of the common carotid artery ; some of the inferior 
lymph vessels pierce the cricothyroid ligament and open into a lymph gland lying in 
front of that ligament or in front of the upper part of the trachea, while others emerge 
below the cricoid cartilage and pass to the deep cervical lymph glands and to the lymph 
glands alongside of the inferior thyroid artery. The nerves are derived from the internal 
and external branches of the superior laryngeal nerve, from the recurrent laryngeal nerve 
and from the sympathetic. The internal laryngeal branch is almost entirely sensory, but 
some motor filaments are said to be carried by it to the Aryticnoideus. It enters the 
larynx through the postero-inferior part of the thyrohyoid membrane above the superior 
laryngeal artery, and divides into branches which supply both surfaces of the epiglottis, 
the aryepiglottic fold, and the interior of the larynx down as far as the level of the vocal 
folds. The external laryngeal branch supplies the Cricothyroid by entering its lateral 
smrface. The terminal part of the recurrent laryngeal nerve accompanies the laryngeal 
branch of the inferior thyroid artery, and passes upwards deep to tlio lower border of the 
Constrictor pharyngis inferior, immediately behind the cricothyroid j oint. It supplies ail the 
intrinsic muscles of the larynx except the Cricothyroid, and distributes sensory branches to 
the laryngeal mucous membrane below the level of the vocal folds. See also footnote, p. 1073. 

Laryngoscopic examination. — The inlet of the larynx, the structures surrounding it, 
and the cavity of the larynx can be inspected with the laryngoscope. The epiglottis is 
much foreshortened (fig. 1093), but its tubercle can be seen in the median piano. From 
the margins of the epiglottis the aryepiglottic folds can be traced backwards and medially 
and, at their posterior extremities, the elevations produced by the cuneiform and the 
corniculate cartilages can be recognised. Both the vestibular and the vocal folds arc visible 
within the cavity of the larynx and, when the rirna glottidis is oi>ened widely, the rings 
of the trachea come into view. 


The Tkaohba and Bkonchi (fig. 1097) 

The trachea, or windpipe, is a cartilaginous and membranous tube, about 
10 or 11 cm. long, continued downwards from the lower part of the larynx, and 
reaching from the level of the sixth cejrvical vertebra to that of the upper border 
of the fifth thoracic vertebra, where it divides into two bronchi, one for each 
lung. The point of bifurcation usually lies a little to the right of the median 
plane. The trachea is not quite cylindrical, being flattened posteriorly ; its 
diameter from side to side is about 2 cm. in the adult male, and 1 *5 in the adult 
female. In the child the trachea is smaller, more deeply placed and more 
movable than in the adult. 

Relations of the trachea. — ^The cervical part of the trachea (fig. 1098) presents 
the following relations. Anteriorly it is covered with the skin, the superficial 
and deep fasciae, crossed by the jugular arch connecting the anterior jugular 
veins and overlapped by the Sternohyoid and Sternothyroid muscles. The 
second, third and fourth rings of the trachea are crossed by the isthmus of 
the thjn’oid gland, and immediately above the isthmus by an anastomosing 
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vessel which connects the two superior thyroid arteries ; below the isthmus it is 
related, in front, to the pretracheal fascia, the inferior thju’oid veins, the 
remains of the thymus, and the arteria thyreoidea ima (when that vessel exists). 
In the child, the innominate artery crosses obliquely in front of the trachea at, 
or a little above, the level of the upper border of the manubrium sterni. Post- 
eriorly the trachea is related to the oesophagus, which intervenes between it 


Fig. 1097. — ^The cartilages of the larynx, trachea, and bronchi. Anterior aspect. 



and the vertebral column ; the recurrent laryngeal nerves ascend, one on each 
side, in the grooves between the sides of the trachea and the oesophagus. 
Laterally the trachea is related to the lobes of the thyroid gland, which descend 
to the level of the fifth or sixth tracheal ring, and to the common carotid and 
inferior thyroid arteries. 

The thoracic part of the trachea (figs. 1099, 1100) descends through the 
superior mediastinum. In front, its upper portion is related to the manubrium 
sterni, the origins of the Sternothyroid muscles, the remains of the thymus, and 
the inferior thyroid veins ; and its lower portion, to the left innominate vein, 
the arch of the aorta, the innominate and left common carotid arteries, the 
deep part of the cardiac plexus of nerves, and some lymph glands. Owing to 
the divergence of the innominate and \eft common carotid arteries as they 
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The right bronchus, wider, shorter, and more vertical than the left, is about 
2 -5 cm. long, and enters the right lung nearly opposite the fifth thoracic vertebra. 
The azygos vein arches over it from behind ; the right pulmonary artery lies 
at first below and then in front of it. It gives off a branch to the upper lobe 
of the right lung ; this is termed the eparterial bronchus, because it arises above 
the right pulmonary artery. The bronchus now passes below the artery, and is 
known as the hyparterial bronchus ; this divides into two branches, one for the 
middle and the other for the lower lobe of the lung. 

The left bronchus, narrower than the right, is nearly 5 cm. long, and enters 
the root of the left lung opposite the sixth thoracic vertebra. It passes below 


Fig, 1100.— a transverse section through the mediastinum at the level of the 
upper part of the body of the fourth thoracic vertebra. 
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the aortic arch, and crosses in front of the oesophagus, the thoracic duct, and the 
descending thoracic aorta ; the left pulmonary artery lies at first above, and 
then in front of it. The loft bronchus has no eparterial branch, and therefore 
it has been supposed by some anatomists that there is no upper lobe to the left 
lung, and that the so-called upper lobe of the left lung corresponds to the middle 
lobe of the right lung. 

The further subdivision of the bronchi will be considered with the structure 
of the lung. 

Structure (fig, 1101). — The trachea and extrapulmonary bronchi consist of a framework 
of imperfect rings of hyaline cartilage, united by fibrous and unstriped muscular tissue. 
They are lined by mucous membrane. 

The cartilages of the trachea vary from sixteen to twenty in number. Each is an im- 
perfect ring which occupies the anterior two-thirds or so of the circumference of the 
trachea ; behind, where the rings are deficient, the tube is flat, and is completed by fibrous 
tissue and unstriped muscular fibres. The cartilages are placed horizontally one above 
another, and are separated by narrow intervals. They measure about 4 mm. in depth and 
1 mm. in thickness ; their external surfaces are flattened, but their internal surfaces are 
convex. Two or more of the cartilages often unite, partially or completely, and are some- 
times bifurcated at their extremities. They are highly elastic, but may become calcified 
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Fig. 1101. — transverse section through a part 
of the wall of the trachea. 


Ciliated, columnar 
epithelium 
Xiongitudinal elastic 
fibres 

Mucous glands in 
submucous layer 



JPibrous membrane 
{partially detached) 


in advanced life. In the bronchi the cartilages are shorter and narrower than those of the 
trachea, but have the same shape and arrangement. 

The first and the last tracheal cartilages differ from the others (fig. 1097). The first 
cartilage is broader than the rest, and often divided at one end ; it is connected by the 
criootracheal ligament with the lower border of the cricoid cartilage, with which, or with 
the succeeding cartilage, it is sometimes blended. The last cartilage is thick and broad in 
the middle, where its lower border is prolonged into a triangular hook-shaped process 
which curves downwards and backwards between the two bronchi. It forms on each aide . 
an imperfect ring which encloses the commencement of the bronchus. The cartilage above 

the last is somewhat broader at 
its centre than the others. 

The fibrotis membrane, — The 
cartilages are enclosed in an elastic 
fibrous membrane which consists of 
two layers, one, the denser, passing 
over the outer surfaces of the rings, 
the other over the inner surfaces : 
at the upper and lower margins of 
the cartilages the two layers blend 
and form a stout membrane which 
connects the rings one with another. 
Where the cartilages are deficient 
posteriorly, the membrane forms a 
single layer. 

The rrmsoular tissue is placed 
within the fibrous membrane at the 
posterior part of the tube, and 
consists of two layers of non-striped 
muscle, longitudinal and trans- 
verse. The longitudinal fibres are 
external, and consist of a few 
scattered bundles. The transverse 
fibres (Trachealis muscle) are in- 
ternal, and form a thin layer which 
not only extends between the ends 
of the cartilages but also passes 
across in the intervals between 
the cartilages. 

Mucous Membrane — The 
mucous membrane is continuous 
above with that of the larynx, and below with that of the bronchi. It consists of areolar 
and lymphoid tissue, and presents a well-marked basement-membrane, supporting an 
epithelium, the surface cells of which are columnar and ciliated, while those of the deeper 
layers are oval or round. Beneath the basement-membrane there is a layer of longitudinal 
elastic fibres with a small amount of intervening areolar tissue. The submucous layer is 
composed of a loose mesh- work of connective tissue, containing large blood-vessels, nerves 
and mucous glands ; the ducts of the latter pierce ^the overlying layers and open into the 
trachea. 

Vessels and Nerves. — The trachea is supplied with blood mainly by the inferior thyroid 
arteries. The veins end in the thyroid venous plexus. The lymph vessels pass to the pre- 
tracheal and paratracheal lymph glands. The nerves are derived from the vagi and the 
recurrent lar3mgeal nerves, and from the sympathetic trunks ; they are distributed to 
the Trachealis muscle and between the epithelial cells. 
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Applied Anatomy, — ^Foreign bodies often find their way into the air-passages, and may 
become lodged in the inlet of the larynx, or in the rima glottidis. Unless they are speedily 
removed or an opening is made into the air-passages below the obstruction, so as to enable 
the patient to breathe, they may cause death from suffocation, especially when they 
consist of large, soft substances, such as pieces of meat. Smaller bodies, frequently of a 
hard nature, such as cherry or plum stones, small pieces of bone, buttons, etc., may 
find their way through the rima glottidis into the trachea or bronchi, or may lodge 
in the sinus of the larynx. The dangers then depend not so much upon the mechanical 
obstruction as upon reflex spasm of the glottis produced by the irritation of the foreign 
body. 

Beneath the mucous membrane of the upper part of the air-passage there is a con- 
siderable amount of submucous tissue, which is liable to become much swollen from effusion 
in inflammatoiy affections, constituting the condition known as ‘ cedema of the glottis.’ 
This effusion does not extend below the level of the vocal folds, on account of the fact that 
the mucous membrane is closely adherent to these structures without the intervention of 
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any submucous tissue. In cases of oedema of the glottis in which it is necessary to open 
the air-passages to prevent suffocation the operation of laryngotomy is sufficient. 

The air-passages may be opened in three different situations : by a vertical incision 
through the centre of the thyroid cartilage {thyrotomy) ; through the cricothyroid ligament 
{laryngotomy) ; or in some part of the trachea {tracheotomy). 

Tracheotomy may be performed either above or below the isthmus of the thyroid gland, 
or this structure may be divided and the trachea opened behind it. From the relations 
already described it must be evident that the trachea can be opened more readily above 
tbfl.Ti below the isthmus. 

After the trachea has been exposed it is transfixed with a sharp hook and drawn forwards 
in order to steady it. The knife is then inserted into the trachea and the upper two or 
three rings are divided in an upward direction. 


The Pleura 

Each lung is invested by a delicate serous membrane which is arranged in 
the form of a closed invaginated sac and is termed the pleura. A portion of this 


Fig. 1102. — The relations of the pleurae and lungs to the chest- wall, 
4jnLterior aapect. 



serous membrane covers the surface of the lung and lines the fissures between its 
lobes ; it is called the visceral or pulmonary pleura. The rest of the membrane 
lines the inner surface of the corresponding half of the chest- wall, covers a large 
part of the Diaphragm, and is reflected over the structures occupying the middle 
part of the thorax ; this portion is termed the parietal pleura. The pulmonary 
and parietal pleurae are continuous with each other around and below the root 
of the lung ; in health they are in actual contact, but the potential space be- 
tween them is known as the pleural cavity. When the lung collapses or when air 
or fluid collects between the pulmonary and parietal pleurae, the pleural cavity 
becomes apparent. The right and left pleural sacs are distinct from each other, 
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and come into immediate contact only for a short distance behind the upper 
half of the body of the sternum, although they are separated only by a narrow 
interval behind the oesophagus in the midthoracic region. The interval be- 
tween the two sacs is named the interpleural space. The right pleural cavity is 
wider than the left, because the heart extends further to the left than to the 
right side. The upper and lower limits of the pleural sacs are approximately 
the same, but the left sac sometimes descends to a lower level in the mid- 
axillary line. 


Fig. 1103. — Structures in relation with the cervical pleura of the right side. 
Seen from below. 
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The pulmonary pleura is inseparably connected with the lung. It covers 
e suriaces of the lung, including those which bound the fissures i)et\vx‘en the 
obes 01 the lung ; it is absent, however, over an area where the lung root 
enters, and along a line extending downwards from this and marking the 
attachment of the pulmonary ligament. 

The parietal pleura.— Different portions of the parietal pleura have received 
oistmctive names ; the part lining the inner surfaee.s of the ribs and the Sub- 
costales and Intercostales intimi (Intraeostales) is the cofslal plmira ; that cloth- 
ing the thoracic surface of the Diaphragm is the diaphragmatic pleura ; that 

fpnnnS® summit of the lung i.s the cervical pleura 

(cupula) , and that applied to the structures in the middle of the thorax i.s the 
meaiashnal pleura. 
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The costal pleura (figs. 1102, 1104) lines the sternum, ribs, Subcostales and 
Intercostales intimi, and the sides of the bodies of the vertebrae, and is easily 
separated from them. In front it begins behind the sternum where it is con- 
tinuous with the mediastinal pleura. The line of junction of the mediastinal 
with the costal pleura extends from behind the sternoclavicular joint down- 
wards and medially to a point in the median plane behind the sternal angle. 
From this point the right and 
left costal pleuraa descend in 
contact with each other as far 
as the level of the fourth costal 
cartilages, below which the line 
differs on the two sides. On the 
right side it is continued down 
to the .posterior surface of the 
xiphisternal joint. On the left 
it diverges laterally and de- 
scends, close to or a short dis- 
tance from the margin of the 
sternum, to the level of the 
sixth costal cartilage. On each 
side the costal pleura* sweeps 
laterally, lining the inner sur- 
faces of the costal cartilages, 
ribs and Intercostales intimi, 
and at the back of the thorax 
passes over the syrnpatlietic 
trunk and its branches, and on 
to the sides of the bodies of the 
vertebrae, whore it again l)e- 
comes continuous with the 
mediastinal j)lexira. Above, tlie 
costal pleura is continuous with 
the cervical pleura at the inner 
margin of the first rib. Ikdow, 
it is continuous with the dia- 
phragmatic plcvura along a linc^ 
which may differ sliglitly on tlie 
two sides. On tlio right side 
the line, begins Ixehind tlie 
xiphoid process, and rutxs down- 
wards and backwards behind 
the seventh costal cartilage, and reaches the midaxillary line at the level 
of the tenth rib ; from here the line ascends slightly, and crossing the 
twelfth rib, roaches the level of the spine of the twelfth thoracic vertebra. 
On the left side the lino follows at first the ascending part of the sixth costal 
cartilage, and in tho rest of its course may bo slightly lower than that on the 
right side. 

The diaphragrrmtic pleura is thin, and covers the upper surface of tho corre- 
sponding side of the ^Diaphragm. The outer part of its circumference is the 
line described above, along which it is continuous with the costal pleura. 
Medially it is continuous with the mediastinal pleura along the line of attach- 
ndent of the pericardium to tho Diaphragm. 

The cervical pleura (cupula of the pleura), is the continuation of the costal 
pleura over the apex of the lung (fig. 1104). It extends from the inner border 
of the first rib medially and upwards to the apex of the lung, its summit reaching 
as high as the lower edge of the neck of the first rib ; it then descends along the 
side of the trachea to become continuous with the mediastinal pleura. The 
cervical pleura is strengthened by a dome-like expansion of fascia, named the 
suprapleural membrane {Sibson's fascia). It is attached in front to the inner 
border of the first rib and behind to the anterior border of the transverse process 
of the seventh cervical vertebra ; it is covered and strengthened by a few 
spreading muscular fibres derived from the Scaleni. The subclavian artery, 


Fig. 1104. — ^The relations of the pleurae and lungs 
to the chest wall. Lateral aspect. 
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Fig. 1105. — transverse section through the thorax at the level of the 
lower part of the fifth thoracic vertebra. 
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Fig» 1106. — transverse section through the mediaatizunn at tlio level 
of the upper part of the body of the sixth thoracic vertebra. 
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directed upwards and laterally, occupies a furrow a little below the summit of 
the cervical pleura (fig. 1103). 

The mediastinal 'pleura forms the lateral boundary of the interpleural space 
or mediastinum (see also p. 1251). Above the root of the lung it is a continuous 
sheet between the sternum and the vertebral column. That of the right side 
is in contact with the right innominate vein, the upper part of the superior 
vena cava, the terminal part of the azygos vein, the right phrenic and right 
vagus nerves, the trachea and the oesophagus. That of the left side is in rela- 
tion with the arch of the aorta, the left phrenic and left vagus nerves, the left 
innominate and superior intercostal veins, the left common carotid and sub- 


Fig. 1107. — A transverse section through the mediastinum at the level 
of the lower part of the body of the sixth thoracic vertebra. 
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clavian arteries, the thoracdc duct and the oesophagus. At the root of the lung 
the mediastinal pleura is carried laterally as a tube of serous membrane enclos- 
ing the structures of the lung-root and passing into continuity with the visceral 
or pulmonary pleura. Below the lung-root the mediastinal pleura extends as 
a double layer from the lateral edge of the oesophagus to the mediastinal sur- 
face of the lung, where it is continuous with the pulmonary pleura. This double 
layer is named the pulmonary ligament (fig. 1110). It is continuous above 
with the tube investing the lung-root ; below it ends in a free falciform 
border. 

The inferior limit of the pleura is on a considerably lower level than the 
corresponding border of the lung (figs. 1102, 1104), but does not extend to the 
attachment of the Diaphragm, so that below the line of reflection of the pleura 
from the chest- wall to the Diaphragm, the latter is in direct contact with the 
rib cartilages and the muscles in the intercostal spaces. Moreover, in ordinary 

G.A. 2lt 
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inspirfbtion the inforior lu&rgin of th© lung docs not extend low as ths 
line of the pleural reflection, with the result that the costal and diaphragmatic 
pleurse are here in contact, the intervening narrow slit being termed the mto- 
diaphTcigTYicLtic tqcbss (phrenicocostal sinus). A similar condition exists behind 
the sternum and rib cartilages, where the anterior thin margin of the lung 
falls short of the line of pleural reflection, and where the slit-like cavity be- 

Fig. 1108. — The mediastinum, from the right side. 
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A portion of the pericardial sac has been removed In order to expose the lateral aurface, of the 
right atrium. 

In this specimen the fourth right intercostal vein did not join the BUjieHor Intereijstul vein, the 
oesophagus was somewhat dilated and an imusually large extent of the dt'«(‘ending thoracic aorta 
was visible from the right side. 

tween the two layers of pleura forms what is called the cosimiediastiml 
recess (sinus). 

Structure.— The free surface of the pleura js smooth, and nioisk^ned by serous fluid. 
Like other serous membranes, it is covered by a single layer of flattened nucleated cells, 
united at their edges by cement-substance. These cells form an endothelium, and rest 
on a hasement-membrane. Beneath the basement-membrane there are networks of yellow 
elastic and white fibres, imbedded in ground-substance which also contains connective 
tissue cells ; in the pulmonary pleura there is a good deal of unstriped muscle. Blood- 
vessels, lymph vessels and nerves are distributed in the substance of the pleura. 

Vessels and Nerves. — The arteries of the pleura are derived from the posterior (aortic) 
intercostal, iatemal mammary, musculophrenic, thymic, pericardiac and bronchial vessels. 
The veins correspond to the arteries. The lymph vessels are described on p. 879. The 
nerves are derived from the phrenic nerve and from the sympathetic trunk. K^illiker 
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states that nerves accompany the ramifications of the bronchial arteries in the pulmonary 
pleura. 

Applied Anatomy. — Under normal conditions the pulmonary pleura glides smoothly 
over the surface of the parietal pleura during respiration and causes no sound which can 
be heard on auscultation, but, when the pleura is inflamed, and prior to, or in the absence 
of, any effusion of fluid into the pleural cavity, characteristic friction sounds can be 


Fig. 1 109. — The mediastinum, from the left side. 
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recognised. When an effusion of fluid occurs into the pleural cavity, the lung gradually 
collapses and, as the fluid increases in quantity, the heart is displaced towards the 
opposite side. 

When air enters the pleural cavity, either as the result of the rupture of a part of the lung 
or as the result of its intentional introduction as a therapeutic measure, the elastic tissue 
of the lung contracts and the organ collapses and may finally shrink away to a dark rounded 
mass, the size of a closed fist, lying close against the vertebral column. The production 
of an artificial pneumothorax by the introduction of air into the pleural cavity has been 
employed in selected cases of pulmonary tuberculosis with the object of giving rest to the 
diseased lung, and has been attended by a considerable measure of success. 


The Mediastinum 

The mediastinum, strictly speaking, is the septum or partition between the 
two lungs and therefore includes the mediastinal pleura of both sides, but it is 
much more satisfactory to define it as the interval between the two pleural sacs. 
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It extends from the sternum in front to the vertebral column behind (figa. 1105, 
1 106), and from the thoracic inlet above to the Diaphragm below. For purposes 
of description it is divided into two parts, an ujpper, which is named the superior 
mediastinum, and a lower ^ which is subdivided into (<z) the anterior mediastinum, 
in front of the pericardium, (6) the middle mediastinum, occupied by the peri- 
cardium and its contents, and (c) the posterior mediastinum, behind the 
pericardium. 

The superior mediastinum (figs. 1099, 1100) lies between the manubrium 
sterni in front, and the upper four thoracic vertebrae behind. It is bounded 
below by a slightly oblique plane passing through the sternal angle in front, and 
the lower part of the body of the fourth thoracic vertebra behind ; above, by 
the plane of the thoracic inlet, and laterally by the pleurin. It contains the 
origins of the Sternohyoid and Sternothyroid and the lower ends of the Longus 
cervicis (longus colli) muscles ; the aortic arch ; the innominate, left common 
carotid and left subclavian arteries ; the innominate veins and the upper half 
of the superior vena cava; the left superior intercostal vein; the vagus, 
cardiac, phrenic and left recurrent laryngeal nerves ; the trachea, oesophagus 
and thoracic duct ; the remains of the thymus, and the paratracheal, innominate 
and some of the tracheobronchial lymph glands. 

The anterior mediastinum lies between the body of the sternum in front and 
the pericardium behind (fig. 1105) ; above the level of the fourth costal cartilages, 
it is exceedingly narrow, owing to the close approximation of the two pleural 
sacs. It contains some loose areolar tissue, the sternopericardiac ligaments, two 
or three lymph glands and a few small mediastinal branches of the internal 
mammary artery. 

The middle mediastinum (figs. 1106, 1107) is the broadest of the subdivisions; 
It contains the heart enclosed in the pericardium, the ascending aorta, the lower 
half of the superior vena cava, the terminal part of the azygos vein, the bifurc- 
ation of the trachea, the two bronchi, the ptdmonary trunk dividing into 
right and left pulmonary arteries, the right and left pulmonary veins, the 
phrenic nerves, the deep cardiac plexus and some tracheobronchial lymph 
glands. 

The posterior mediastinum (figs. 1106 to 1109) is bounded in front by the 
bifurcation of the trachea, the pulmonary vessels and the pericardium above, 
and by the posterior surface of the Diaphragm below ; behind, by the vertebral 
column from the lower border of the fourth to the twelfth thoracic vertebra ; 
and on each side by the mediastinal pleura. It contains the descending thoracic 
aorta, the azygos and hemiazygos veins, the vagus and splanchnic nerves, 
the oesophagus, the thoracic duct, and the ]X)ftterior niediaBtinal lymph glands. 

The Lungs (Pulmonbs) 

The lungs are the essential organs of respiration ; they are two in number, 
placed one on each side within the thorax, and separated from each other by 
the heart and the other contents of the mediastinum (fig. 1110). The substance 
of the lung is of a light, porous, spongy texture ; it floats in water, and crepitates 
when handled, owing to the presence of air in its alveoli ; it is also highly elastic ; 
hence the retracted state of the lungs when they arc removed froin the closed 
cavity of the thorax. The surface is smooth, shining, and marked out into 
numerous polyhedral areas, indicating the lobules of the lung ; each of these 
areas is crossed by numerous lighter lines. 

At birth the lungs are pinkish-white in colour ; in adult life the colour is a 
dark slaty-grey, mottled in patches ; and as age advances, this mottling 
assumes a black colour. The colouring matter consists of granules of a car- 
bonaceous substance deposited in the areolar tissue near the surface of the 
lung ; it increases in quantity as age advances, and is more af)inidant in men 
than in women. As a rule, the posterior border of the lung is darker than the 
anterior. 

The right lung usually weighs about 625 gm., the left 567 gm., but much 
variation occurs, and it is dependent on the amount of blood or serous fluid that 
they contain. The lungs are heavier in the male than in the female ; their 
proportion to the body is, in the former, as 1 to 37, fti the latter as 1 to 43. 
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Each lung is conical in shape, and has an apex, a base, three borders and 
two surfaces. 

The apex, which is rounded, lies in the plane of the thoracic inlet, in close 
contact with the cervical pleura. Owing to the obliquity of the inlet (p. 238), 
this part of the lung reaches from 3 cm. to 4 cm. above the level of the first 
costal cartilage, although it does not rise above the level of the neck of the 
rib. Its summit lies about 2-5 cm. above the medial third of the clavicle, and 
the apex is situated therefore in the root of the neck (fi.g. 1102). The cervical 
pleura intervenes between the apex of the lung and the suprapleural membrane 


Fia. 1110. — A transverse section through the mediastintun at the level 
of the body of the seventh thoracic vertebra. 
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(Sibson’s fascia), on which the subclavian artery arches upwards and laterally, 
producing a groove on the anterior surface of the apex just below its summit 
and separating it from the Scalenus anterior. Posteriorly the apex is related 
to the inferior cervical and first thoracic ganglia of the sympathetic trunk, the 
anterior primary ramus of the first thoracic nerve and the superior intercostal 
artery (fig. 1103). Laterally, it is related to the Scalenus medius ; medially, 
to the innominate artery, right innominate vein and trachea, on the right side, 
and to the left subclavian artery and left innominate vein, on the left side. 

The base is semilunar in shape, and concave ; it rests upon the convex 
surface of the Diaphragm, which separates the right lung from the right lobe 
of the liver, and the left lung from the left lobe of the liver, the fundus of the 
stomach and the spleen. Since the Diaphragm extends higher on the right side 
than on the left, the concavity on the base of the right lung is deeper than that 
on the left. Laterally and behind, the base is bounded by a thin, sharp margin 
which projects for some distance into the costodiaphragmatic recess of the pleura. 
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The costal surface is smooth, convex, of considerable extent, and corresponds 
to the form of the cavity of the chest, which is deeper behind than in front. 
It is in contact with the costal pleura, and exhibits, in specimens which have 
been hardened in situ, slight grooves corresponding with the overlying ribs. 
The pleura separates the costal surface of the lung from the ribs, from the con- 
stituent parts of the Transversus thoracis muscle (p. 553), and, in places, from 
the internal mammary vessels and the intercostal nerves and their accompany- 
ing vessels and, near the posterior border of the lung, from the sympathetic 
trunk and the roots of origin of the splanchnic nerves. 

The medial surface is divided into a posterior or vertebral part, and an anterior 


Fia. 1111. — The heart and lungs. Anterior aspect. 



or mediastinal part. The vertebral part is in contact with the sides of the 
thoracic vertebrae and intervertebral discs, the posterior intercostal vessels and 
the splanchnic nerves. The mediastinal part exhibits a deep concavity, which 
accommodates the pericardium and is termed the cardiac imjyression ; this con- 
cavity is larger and deeper on the left than on the right lung, because the heart 
projects more to the left than to the right side of the median plane. Above and 
behind this concavity there is a somewhat triangular depression named the 
hilum, where the structures which form the root of the lung (p. 1257) enter 
and leave the viscus. These structures are invested by pleura, which extends 
downwards, below the hilum and behind the cardiac impression, and forms the 
pulmonary ligament. 

Apart from these features, which are shared in common by both lungs, the 
markings on the mediastinal surface seen in specimens hardened in situ are 
different on the two sides. On the right lung, the cardiac impression is in relation 
with the anterior surface of the right auricle, the anterior and lateral (right) 
surfaces of the right atrium and a small part of the anterior surface of the right 
ventricle. It is continued upwards in front of the hilum as a wide groove 
which lodges the superior vena cava and the lower end of the right innominate 
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vein (fig. 1112). Posteriorly this groove is joined by a deep, narrow groove 
which arches forwards above the hilum and is caused by the vena azygos. The 
right edge of the oesophagus produces a shallow groove which runs vertically 
downwards behind the hilum and the pulmonary ligament. As it approaches 
the Diaphragm, the oesophagus inclines towards the left and passes away from 
the right lung. The oesophageal groove, therefore, does not extend to the 
lower hmit of this surface. The postero-inferior corner of the cardiac impres- 
sion is confluent with a short but wide notch which accommodates the thoracic 
part of the inferior vena cava. Between the apex and the groove for the vena 
azygos, the trachea and the right vagus nerve are in close relation to the lung, 
although there is no corresponding surface depression. 


Fia. 1112. — The medial surface of the right lung. 
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On the hft lung (fig. 1113), the cardiac impression is in relation with the 
anterior and left surfaces of the left ventricle and the anterior surface of the 
infundibulum (conus arteriosus) and adjoining part of the right ventricle. It 
is continued upwards in front of the hilum to accommodate the pulmonary 
trunk. A wide, deep groove arches backwards above the hilum and downwards 
behind it and the pulmonary ligament ; it lodges the arch and the descending 
part of the aorta. Near the summit of its curve it is confluent with a narrower 
groove which ascends towards the apex and is occupied by the left subclavian 
artery. Behind this groove and above the aortic groove, the lung is in contact 
with the thoracic duct and the left edge of the oesophagus. Inferiorly, the left 
edge of the oesophagus may make a slight impression in front of the lower end 
of the pulmonary ligament. 

The inferior border is thin and sharp where it separates the base from the 
costal surface and extends into the costodiaphragmatic recess ; medially, where 
it divides the base from the mediastinal surface, it is blunt and rounded. The 
posterior border separates the costal surface from the vertebral part of the medial 
surface, and corresponds to the medial margins of the heads of the ribs. It is 
not marked by any recognisable ridge or line. The ‘‘ thick, rounded posterior 
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border”, described in many textbooks, comprises the adjoining parts of the 
costal and vertebral surfaces. 

The anterior border is thin and sharp, and overlaps the front of the peri- 
cardium ; that of the right lung corresponds very closely to the costomediastinal 
line of pleural reflection and is almost vertical ; that of the left corresponds to 
the costomediastinal line of pleural reflection in its upper part, but below the 
level of the fourth costal cartilage it presents a notch of variable size, named 
the cardiac notch. The margin of this notch corresponds to, but falls con- 
siderably short of, the recessed part of the line of pleural reflection (fig. 1102), 
leaving the pericardium in this situation covered only with a double layer of 
pleura. 


Fig. 1113. — The medial surface of the left lung. 
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The fissures and lobes of the lungs. — The left lung is divided into a superior 
and an inferior lobe, by an oblique fissure (fig. 1113), which extends from the 
costal to the medial surface of the lung both above and below the hilum. 
As seen on the surface, this fissure begins on the medial surface of the lung 
at the upper and posterior part of the hilum, and runs backwards and upwards 
to the posterior border, which it crosses at a point about 6 cm. below the 
apex. It then extends downwards and forwards over the costal surface (fig. 
1104), reaching the lower border a little behind its anterior extremity. Its 
further course can be followed upwards and backwards across the mediastinal 
surface as far as the lower part of the hilum. The superior hbe lies above and in 
front of this fissure, and includes the apex, the anterior border, a considerable 
part of the costal surface and the greater part of the medial surface of the 
lung. A small projection is sometimes present at the lower part of the cardiac 
notch and is termed the lingula of the lung. The inferior lobe, the larger of the 
two, is situated below and behind the fissure, and comprises almost the whole 
of the base, a large portion of the costal surface, and the greater part of the 
posterior border. 

The right lung is divided into three lobes, superior, middle and inferior, by 
two fissures (fig. 1112). One of these separates the inferior from the middle 
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and superior lobes, and corresponds closely with the oblique fissure in the left 
lung. Its direction is, however, more vertical, and it cuts the lower border 
about 7*5 cm. behind its anterior extremity. A short transverse fissure separates 
the superior from the middle lobe. It begins in the oblique fissure near the 
mid-axillary line, and, running horizontally forwards, cuts the anterior border 
on a level with the sternal end of the fourth costal cartilage ; on the mediastinal 
surface it may be traced backwards to the hilum. The miMle lobe of the right 
lung is small and wedge-shaped, and includes a part of the costal surface, the 
lower part of the anterior border and the anterior part of the base of the lung. 
Sometimes the right lung is deeply cleft near its apex by a fold of pleura which 
contains the azygos vein in its free margin. 

Since the Diaphragm rises higher on the right side in order to accommodate 
the liver, the right lung is shorter (by 2-5 cm.) than the left, but, owing to the 
projection of the heart to the left side, it is broader and its total capacity and 
weight are greater than those of the left lung. 

The roots of the lungs (figs. 1108, 1109). — The root of the lung connects the 
medial surface to the heart and the trachea and is formed by the structures 
which enter or emerge at the hilum. It comprises the bronchus, the pulmonary 
artery, the two pulmonary veins, the bronchial arteries and veins, the pulmonary 
plexuses of nerves, lymph vessels, bronchopulmonary lymph glands and 
areolar tissue, all of which are enveloped by pleura. The roots of the lungs lie 
opposite the bodies of the fifth, sixth and seventh thoracic vertebrae. That 
of the right lung lies behind the superior vena cava and part of the right atrium 
of the heart, and below the terminal part of the azygos vein. That of the left 
lung is below the aortic arch and in front of the descending thoracic aorta. 
The following relations are common to the two lung-roots, viz. : in front, the 
phrenic nerve, the pericardiacophrenic artery and vein, and the anterior pul- 
monary plexus ; behind, the vagus nerve and posterior pulmonary plexus ; 
below, the pulmonary ligament. 

The chief structures composing the root of each lung are arranged in a 
similar manner from before backwards on both sides, viz. : the upper of the 
two pulmonary veins in front ; the pulmonary artery in the middle ; and the 
bronchus behind, with the bronchial vessels on its posterior aspect. Their, 
arrangement differs from above downwards on the two sides ; on the right side 
their position is — eparterial bronchus, pulmonary artery, hyparterial bronchus, 
lower pulmonary vein ; but on the left side their position is — pulmonary artery, 
bronchus, lower pulmonary vein. The lower of the two pulmonary veins is 
situated below the bronchus, at the lowest part of the hilum. 

The divisions of the bronchi. — Just as the lungs differ from each other 
in the number of their lobes, so the bronchi differ in their mode of sub- 
division. 

The right bronchus gives off, less than 2-5 cm. from the division of the 
trachea, a branch for the superior lobe ; this branch arises above the level of 
the pulmonary artery, and is therefore named the eparterial bronchus. AU the 
other divisions of the main stem come off below the pulmonary artery, and 
are consequently termed hyparterial bronchi. The first of these is distributed 
to the middle lobe, and the main tube then passes downwards and backwards 
into the inferior lobe, giving off in its course a series of large ventral and small 
dorsal branches. The ventral and dorsal branches arise alternately, and there 
are usually four of each. The branch to the middle lobe is the first of the 
ventral series ; the first of the dorsal branches is the largest and is distributed 
to the upper part of the inferior lobe. 

The left bronchus passes below the level of the pulmonary artery before it 
divides, and hence all its branches are hyparterial ; it may therefore be looked 
upon as equivalent to that portion of the right bronchus which lies on the 
distal side of its eparterial branch. The first branch of the left bronchus arises 
about 5 cm. from the bifurcation of the trachea, and is distributed to the 
superior lobe. The main stem then enters the inferior lobe, where it divides 
into ventral and dorsal branches similar to those in the right lung. The branch 
to the superior lobe of the left lung is the first of the ventral series, and the 
second is distributed to the portion of the upper lobe which corresponds to the 
middle lobe of the right lung. 

G.A. 
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V Ptnicture.— The lungs are composed of a serous coat, a subserous areolar tissue, and 
the pulmonary substance. 

The serous coat is the pulmonary pleura (p. 1246) ; it is thin, transparent, and invests 
the entire organ as far as the root. 


Fig. 1114. — section through the lung of a cat, showing the termination of a 

bronchus, x 50. 



The subserous areolar tissue contains a large proportion of elastic fibres ; it invests the 
entire surface of the lung and extends inwards between the lobules. 

The pulmonary svJbstance is composed of lobules, which although closely connected by 
interlobular areolar tissue, are quite distinct from one another, and in the foetus may be 



teased apart without much difficulty. The lobules vary in sisse ; those on the surface 
are large and of pyramidal form with the bases turned towards the surface ; those in the 
interior are smaller, and of various forms. £lach lobule is composed of a terminal bronchiole 
and its air-cells, and of the ramifications of the pulmonary and bronchial vessels, lymph 
vessels, and nerves ; all of these structures being connected together by areolar tissue. 
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The intrapiilmonary bronchi divide and subdivide throughout the entire organ, the 
smallest branches constituting the terminal bronchioles. The larger branches consist of : 
(1) an outer coat of fibrous tissue in which are found at intervals irregular plates of hyaline 
cartilage, most developed at the points of division ; (2) internal to the fibrous coat, a layer 
of circularly disposed smooth muscular fibres, termed the bronchial muscle ; and (3) most 
internally, the mucous membrane, lined by ciliated columnar epitheliura resting on a 
basement-membrane. The mucous membrane contains numerous elastic fibres running 
longitudinally, and a certain amount of lymphoid tissue ; it is traversed by the ducts of 
mucous glands, the acini of which lie in the fibrous coat. The terminal bronchioles are 
about 0-2 mm. in diameter ; they differ from the larger tubes in containing no c^-rtilage 
and iu the fact that the ciliated epithelial cells are cubical in shape. 

Each bronchiole ends by opening into a wider space, known as the vestibule, the point 
of junction of the two being marked by a circular thickening of the bronchial muscle, and 

• 

Eig. 1116. — section through the lung of a pig-embryo 13 cm. long, showing the 
glandular character of the developing alveoli, x70. (J. M. Flint.) 



a. Interstitial connective tissue, b. A bronchial tube. c. An alvooluB. 1. Lymphatic clefts, p. Pleura. 

by a transition from the ciliated epithelium of the bronchiole to a layer of fiattened non- 
ciliated cells. The vestibule divides into from three to six passages called atria. These 
are lined with flattened non-ciliated epithelium. From each atrium there arise two or more 
infundibula — elongated passages, lined by pavement epithelium and besot on all sides by 
hemispherical alveoli or air-cells (fig. 1114). 

The alveoli are lined by a layer of simple flattened epithelium, the cells of which are 
united at their edges by cement-substance. Between these cells, here and there, smaller 
polygonal nucleated ceils are found. Outside the epithelial lining there is a little delicate 
connective tissue, containing numerous elastic fibres and a close network of blood-capillaries, 
and forming a common wall to adjacent alveoli (fig. 1115). 

The foetal lung resembles a gland in that the alveoli have small lumina and are lined 
with cubical epithelium (fig. 1116). After the first respiration the alveoli become distended, 
and the epithelium takes on the characters described above. 

Vessels and Nerves. — ^The pulmonary artery conveys the deoxygonated blood to the lungs ; 
it divides into branches which accompany the bronchial tubes and lie close to their dorsal 
aspects. They end in a dense capillary network in the walls of the infundibula and alveoli. 
The arteries of neighbouring lobules are independent of one another. 

The pulmonary capillaries form plexuses which lie immediately beneath the lining 
epithelium, in the walls and septa of the alveoli and of the infundibula. In the septa 
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between the alveoli the capillary network forms a single layer, the meshes of which are 
smaller than the vessels themselves ; their walls are also exceedingly thin* 

The pulmonary veins, two from each lung, arise from the pulmonary capillaries, the 
radicles coalescing into larger branches which run through the substance of the lung, 
independently of the pulmonary arteries and bronchi. After communicating freely with 
other branches they form large vessels, which ultimately come into relation with the arteries 
and bronchial tubes, and accompany them to the hilum of the lung, the artery usually being 
above, and the vein below, the bronchus. Finally, they open into the left atrium of the 
heart, conveying oxygenated blood to be distributed to all parts of the body by the left 
ventricle. 

The bronchial arteries supply blood for the nutrition of the lung ; they are derived from 
the descending thoracic aorta or JBrom the upper posterior (aortic) intercostal arteries, and, 
accompanying the bronchial tubes, are distributed to the bronchial glands and upon the 
walls of the larger bronchial tubes and pulmonary vessels. Those supplying the bronchial 
tubes form, in the muscular coat, a capillary plexus from which branches are given off to 
form a second plexus in the mucous coat ; this plexus communicates with branches of the 
pulmonary artery, and empties itself into the pulmonary veins. Others are distributed in 
the interlobular areolar tissue, and end partly in the deep, partly in the superficial, bronchial 
veins. Lastly, some ramify upon the surface of the lung, beneath the pleura, where they 
form a capillary network. 

The bronchial veins, usually two on each side, are formed at the root of the lung, and 
receive superficial and deep veins cori’esponding with branches of the bronchial arteries ; 
they do not, however, receive aU the blood conveyed by the arteries, as some passes 
into the pulmonary veins. The right bronchial veins end in the azygos vein, the left 
bronchial veins in the left superior intercostal vein or the superior (accessory) hemiazygos 
vein. 

The lymph vessels of the lungs are described on p. 87$. 

Nerves. — The lungs are supplied from the anterior and posterior pulmonary plexuses, 
formed chiefly by branches from the sympathetic and vagus. The filaments "from these 
plexuses accompany the bronchial tubes, supplying efferent fibres to the bronchial muscle 
and afferent fibres to the bronchial mucous membrane and to the alveoli of the lung. 
Small ganglia are found upon these nerves. It is generally believed that the broncho- 
constrictors are supplied by the vagus. 

Applied Anatomy. — The routine methods of physical examination — inspection, palp- 
ation, percussion and auscultation — are nowhere more important than they are in the dia- 
gnosis of disease of the lungs, It is essential, too, that in every case the two sides of the chest 
should be compared with each other, and that the wide variations that may be met with 
under normal conditions in different persons and at different ages should be kept in mind 
when the chest is being examined. On inspection the thorax will be seen to be enlarged and 
barrel-shaped in emphysema, in which the volume of the lungs is increased by dilatations of 
their alveoli, or in an acute attack of asthma, or when a laigc pleural effusion or medi- 
astinal tumour is present. The chest-wall will be flattened or sunken, on the other hand, 
over an area of lung that has collapsed or become fibrosed, as oftem happens in chronic 
pulmonary tuberculosis. The respiratory movements of the chest-wall will be lessened, or 
even absent, over a part or the whole of the affected side in such acuttj disordera as pleurisy, 
pneumonia, or pleural effusion, or in more chronic disease where the underlying lung is 
fibrosed, or is crushed to one side by a mediastinal tumour ; and by the use of the a;-rays 
a corresponding loss of movement or displacement of the Diaphragm on the affected side 
can often be observed. Under normal conditions the intercostal spaces are a little de- 
pressed : but when a large effusion or new growth fills up one of the pleural cavities they 
may be obliterated or even bulging on that side. 

On palpation the hand can be used to verify the eye’s impression as to the degree of 
movement, on respiration, of any part of the chest-wall. The facility with which the 
vibrations produced by the voice are conducted from the larynx to the hand by the under- 
lying lung (in the form of the vocal fremitus) can also be tested. The vocal fremitus is 
commonly much increased over the consolidated area in pneumonia or in fibrosis of the 
lung, and much diminished over a pleural effusion when the lung is pushed up by the fluid 
towards the top of the pleural cavity. It is also diminished, but to a less exttmt, in emphy- 
sema, and in bronchitis when the bronchi are blocked by secretion. It must bo remembered 
that vocal fremitus in front and behind is normally greater at the right apex than 
the left. This is because the apex of the right lung lies in close contact with the trachea, 
while the apex of the left lung is separated from it by the oesophagus and other 
structures. 

On percussion, the normal resonance of the pulmonary tissue is found to be increased 
in emphysema, and in pneumothorax (p. 1251) this hyper-resonance may be increased still 
further. The resonance is lessened in any condition causing collapse or solidiflcation of 
the lung-tissue, or when its place is taken by fluid (pleural effusion) or some solid growth 
(mediastinal tumour). 
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On auscultation of the lungs, both in health and disease, the variety of sounds to be 
heard is very great. It is impossible to give adequate consideration to them here, and for 
further information reference should be made to the text-books dealing with the subject. 


THE DIGESTIVE SYSTEM 

The digestive system comprises all the organs which are concerned in the 
trituration, deglutition and digestion of food and in the elimination from 
the body of the unabsorbed and unabsorbable constituents. It consists of the 
digestive tube and certain accessory organs. 

The digestive tube (alimentary canal), about 9 metres long, extends from the 
mouth to the anus, and is lined throughout by mucous membrane. It consists 
of the following parts : it commences at the mouthy where provision is made 
for the mechanical division of the food [mastication], and for its admixture 
with a fluid secreted by the salivary glands [insalivation] ; it is conveyed by the 
organs of deglutition, termed the pharynx and the oesophagus, into the stomach, 
where the first stages of the digestive process take place ; from the stomach it is 
passed into the srmll intestine, where the process of digestion is continued and 
many of the resulting products are absorbed into the blood- and lymph- vessels. 
Finally the small intestine ends in the large intestine, which reaches the surface 
of the body at the anus. 

The accessory organs are the teeth, which break up and triturate the food in 
the process of mastication ; the three pairs of salivary glands — the parotid, 
submandibular (submaxillary) and sublingual — the secretion from which mixes 
with the food in the mouth ; tlie liver and the pancreas, two large glands in the 
abdomen, the secretions of which take part in the process of digestion. In 
addition, it is convenient to describe the peritoneum — a serous membrane which 
lines the abdominal and pelvic cavities and invests the abdominal and pelvic 
viscera — in the same section with the abdominal part of the alimentary canal. 


The Mouth Cavity [Cavum obis] 

The cavity of the mouth is placed at the commencement of the digestive 
tube (fig. 1117) ; it consists of an outer, smaller portion, termed the vestibule, 
and an inner, larger part, termed the mouth cavity proper. 

The vestibule of the mouth is a slit-like space, bounded externally by the lips 
and cheeks ; interxially, by the gums aixd teeth. It communicates with the 
exterior by the oral fissure. Above and below, it is limited by the reflection 
of the mucous membrane from the lips and cheeks to the gums. When the 
jaws are closed it communicates with the mouth cavity proper by an aperture 
behind the wisdom tooth on each side, and by narrow clefts between oppos- 
ing teeth. On the oral surface of the cheek, opposite the second upper molar 
tooth, a small papilla marks the opening of the duct of the parotid salivary 
gland. 

The mouth cavity proper (figs. 1141, 1142) is bounded laterally and in front 
by the alveolar arches, the tooth and the gums ; behind, it communicates with 
the pharynx by a constricted aperture termed the oropharyngeal isthmus (isthmus 
of the fauces ’**). Its roof consists of the hard palate and soft palate, while the 
greater part of the floor is formed by the anterior two-thirds of the tongue, the 
remainder by the reflection of the mucous membrane from the sides and under 
surface of the tongue to the gum on the inner surface of the mandible. In the 
median plane a crescentic fold of mucous membrane, named %he frenulum linguae, 
connects the under surface of the anterior part of the tongue to the floor of the 
mouth. On each side of the lower end of the frenulum there is a small elevation, 

* These two terms are not quite synonymous, as the oropharyngeal isthmus is restricted 
to the interval between the palatoglossal arches. 
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t^ed- which bears on its surface the orifice of the duct 

bfiie submandibular saJivaity gland. Fromfhis papilla a ri^e extends laterally 
and backwards in the mucous membrane of the floor of the mouth ; it is pro- 
duced bv the underlying sublingual salivary gland and is termed the sublingvd 
fold. The minute openings of the duets of the gland are situated on the edge 

of the fold. 

The mmm mmbnm lining the mouth is continuous with the skin at the free matgiw 
of the lips, and with the mucous lining of the pharynx at the oropharyngeal isthmus ; it is 


Fig. 1117 .— a median sagittal section through the head and neck. 
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.yote.— -Where it divides the skiiU and the brain, the section passes sli|?htly to th»! left of the 
median plane, but below that level, it passes slightly to the right of the median plane. 


of a rose pink tinge during life, and is very thick where it overlies the hard parts bounding 
the cavity. It is covered vdth stratified squamous epithelium. 

The lymph vessels of the mouth are described on p. 855. 

The lips are two fleshy folds which surround the orifice of the mouth. 
They are formed externally of skin and internally of mucous membrane, and 
these two layers enclose the Orbicularis oris muscle, the labial vessels, some 
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nerves, areolar tissue, and numerous small labial glands. The junction of the 
upper with the lower lip forms, on each side, the labial commissure, which 
bounds the angle of the mouth. The middle part of the outer surface of the uppet 
lip is marked by a shallow vertical groove named the philtrum ; it ends below 
in a slight prominence and is limited on each side by a ridge. The inner surface 
of each lip is connected in the median plane to the corresponding gum by a 
fold of mucous membrane, termed the frenulum — that of the upper lip being 
the larger. 

The labial glands are situated between the mucous membrane and the 
Orbicularis oris, round the orifice of the mouth. They are about the size of 
small peas and in structure they resemble the salivary glands. Their ducts 
open into the vestibule. 

The cheeks form a large part of the sides of the face, and are continuous 
ra front with the lips, the junction being indicated on each side by a groove, 
termed the nasolabial groove, which runs downwards and laterally from the 
side of the nose to the angle of the mouth. The cheeks are composed of a 
muscular stratum, and a large quantity of fat, together with areolar tissue, 
vessels, nerves and buccal glands, covered with skin, externally, and with 
mucous membrane, internally. 

The mucous membrane lining the cheek is reflected above and below on to the gums, 
and is continuous behind with the mucous membrane of the soft palate. Opposite the 
second upper molar tooth there is a small papilla, on the summit of which the parotid duct 
opens. The principal muscle of the cheek is the Buccinator ; but others enter into its 
formation, viz. the Zygomaticus major, Risorius and Platysma. 

The buccal glands are placed between the mucous membrane and the Buccinator muscle ; 
their structure is similar to that of the labial gknds. Pour or five, larger than the rest, and 
placed between the Masseter and Buccinator muscles around the terminal part of the parotid 
duct, are called molar glands ; their ducts open in the mouth opposite the last molar tooth. 

The lymph vessels of the cheeks and lips are described on p. 853. 

The gums are composed of dense, fibrous tissue, closely connected to the 
periosteum of the alveolar processes of the mandible and maxillae, and covered 
with smooth and vascular mucous membrane. Around the necks of the teeth 
this membrane presents numerous fine papillae, and is reflected into the alveoli, 
where it is continuous with their lining periosteal membrane. 

The palate forms the roof of the mouth : it consists of two portions — the 
hard palate in front, the soft palate behind. 

The hard palate (fig. 1127) is formed by the palatine processes of the maxillse 
and the horizontal plates of the palatine bones ; it is bounded in front and at 
the sides by the alveolar arches and gums ; behind, it is continuous with the 
soft palate. It is covered with a dense tissue, formed by the periosteum and 
mucous membrane, which are intimately connected. It presents a median, 
linear raphe, which ends anteriorly in a small papilla underlying the incisive 
fossa. On each side and in front of the raphe the mucous membrane is thick, 
pale in colour, and corrugated ; behind, it is thin, smooth, and of a redder 
colour : it is covered with stratified squamous epithelium, and furnished with 
numerous palatine glands, which lie between the mucous membrane and the 
periosteum. 

The soft palate (fig. 1142) is a movable fold, suspended from the posterior 
border of the hard palate, and forming an incomplete septum between the 
mouth and pharynx. It consists of a fold of mucous membrane enclosing an 
aponeurosis, muscular fibres, vessels, nerves, adenoid tissue and mucous glands. 
When occupying its usual position (i.e. relaxed and pendent) its anterior 
surface is concave, and marked by a median raphe. Its posterior surface is 
convex, and continuous with the floor of the nasal cavity. Its superior border 
is attached to the posterior margin of the hard palate, and its sides are blended 
with the pharynx. Its inferior border is free. The lower portion of the soft 
palate hangs like a curtain between the mouth and the pharynx. 

A small conical process, termed the uvula, hangs from the middle of its 
lower border ; and two curved folds of mucous membrane, containing muscular 
fibres, extend laterally and downwards from each side of the base of the uvula. 
The anterior of the two contains the Palatoglossus (Glossopalatinus) muscle 
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and is named the palatoglossal arch, Below, it reaches the side of the tongue 
at the junction of the oral and pharyngeal portions and it forms the lateral 
boundary of the oropharyngeal isthmus. The posterior fold, which is termed 
the palatopharyngeal arch, descends on the lateral wall of the oral part of the 
pharynx and is described on p. 1292 . 

The mucous membrane of the soft palate is thin, and covered with stratified squamous 
epithelium excepting near the pharyngeal orifice of the pharyngotympanic (auditory) tube 
and on the anterior part of its superior surface, where it is columnar and ciliated. Beneath 


Fig. 1118. — ^The muscles of the palate. Exposed from behind. 
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the mucous membrane on the oral surface of the soft palate there is a considerable amount 
of adenoid tissue. The palatine glands form a continuous layer on its posterior surface and 
round the uvula. 

Vessels and Nerves. — The arteries supplying the palate are the ascending palatine 
branch of the facial (external maxillary) artery, the greater palatine brancli of the (internal) 
maxillary ai^ry, and the palatine branch of the ascending pharyngeal artery. The veins 
end chiefly in the pterygoid and tonsillar plexuses. The lymph vessds pass to the deep 
cervical lymph glands. The sensory nerves are derived from the greater and lesser palatine, 
long sphenopalatine and glossopharyngeal nerves. 

The palatine aponeurosis. — thin, firm fi.brous lamella, termed the palatine 
aponeurosis, which supports the muscles and gives strength to the soft palate, is 
attached to the posterior border of the hard palate. It is thick above, but very 
thin and difficult to define below. On each side it is continuous with the 
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tendon of the Tensor palati and, near the median plane, it splits to enclose the 
Musoulus uvulae. 

Blakeway * maintains that the palatine aponeurosis is not a separate structure, but is 
actually the expanded tendon of the Tensor palati. 

The muscles of the palate (fig. 1118) are : 

Levator palati. Palatoglossus. 

Tensor palati. Palatopharyngeus. 

Musculus uvulae. 

The Levator palati (Levator veil palatini) (figs, 1118, 1146, 1150) is a rounded 
muscle situated on the lateral side of the posterior nasal aperture. It arises 
from the under surface of the petrous part of the temporal bone, immediately 
in front of the lower opening of the carotid canal, and from the medial lamina 
of the cartilage of the pharyngotympanic (auditory) tube. After passing 
within the upper concave margin of the Superior constrictor and in front of the 
Salpingopharyngeus, it spreads out in the soft palate, its fibres running as far 
as the median plane, where they blend with those of the opposite muscle. It 
is separated from the mucous membrane on the posterior (upper) aspect of the 
soft palate by the posterior (upper) part of the Palatopharyngeus. 

Action. — The Levator palati elevates the soft palate. 

The Tensor palati (Tensor veli palatini) (figs. 1118, 1146, 1150) is a thin, 
triangular muscle, which lies lateral to the medial pterygoid plate, the pharyngo- 
tympanic tube and the Levator palati. Its lateral surface is in contact with 
the upper and anterior part of the Medial Pterygoid muscle, the mandibular 
nerve, the otic ganglion and the middle meningeal artery. It arises from the 
scaphoid fossa of the pterygoid process, the lateral lamina of the cartilage of 
the pharyngotympanic tube and the medial aspect of the spine of the sphenoid 
bone. As it descends, its fibres converge to form a delicate tendon which turns 
medially round the pterygoid hamulus, and is inserted into the palatine apo- 
neurosis and into the surface behind the palatine crest on the horizontal plate 
of the palatine bone. Between the tendon and the pterygoid hamulus there is 
a small bursa. 

Actions. — Acting singly the Tensor palati puUs the soft palate to one side ; 
acting together the two muscles tighten the soft palate and depress it by 
flattening out its arch. 

The Musculus uvulae arises from the posterior nasal spine of the palatine 
bones and from the palatine aponeurosis ; it descends to be inserted into the 
uvula. 

Action. — The Musculus uvulas pulls up the uvula on its own side. 

The Palatoglossus (Glossopalatinus) is a small, fleshy fasciculus, narrower 
in the middle than at the ends, forming, with the mucous membrane covering 
its surface, the palatoglossal arch. It arises from the anterior surface of the 
soft palate, where it is continuous with the muscle of the opposite side, and 
passing downwards, forwards and laterally in front of the tonsil, is inserted into 
the side of the tongue, some of its fibres spreading over the dorsum of the 
tongue, and others passing deeply into its substance to intermingle with the 
Transversus linguae. 

Actions. — The Palatoglossus pulls up the root of the tongue and approxim- 
ates the palatoglossal arch to the median plane. 

The Palatopharyngeus (Pharyngopalatinus) (figs. 1118, 1150) forms, with 
the mucous membrane covering its surface, the palatopharyngeal arch. In the 
palate it consists of two layers, which are separated by the Levator palati. 
The posterior (or upper) layer is in contact with the mucous membrane covering 
the posterior surface of the palate ; it joins with the posterior layer of the 
opposite muscle in the median plane. The anterior (or lower) layer, the 
thicker, lies between the Levator and the Tensor palati muscles. It arises 
from the posterior border of the hard palate and from the palatine aponeurosis, 
while some of its fibres join in the median plane with the corresponding layer 
of the opposite muscle. At the posterolateral border of the palate the two 


* Journal of Anatomy and Physiology ^ vol. xlviii. 
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layers of the muscle unite and are joined by the fibres of the Salpingopharyngeus 
muscle (p. 1298). Passing laterally and downwards behind the tonsil, the 
Palatopharyngeus descends posteromedial to, and in close contact with, the 
Stylopharyngeus, and is inserted with it into the posterior border of the thyroid 
cartilage, some of its fibres ending on the side of the pharynx, and others passing 
across the median plane posteriorly, to decussate with those of the opposite 
muscle. The Palatopharyngeus really forms an internal longitudinal muscular 
coat for the pharynx. 

Actions. — The Palatopharyngeus pulls the walls of the pharynx, on its own 
side, upwards, forwards and medially, and so shortens the pharynx during the 
act of swallowing. Acting together the two muscles approximate the palato- 
pharyngeal arches and draw them forwards. 

Nerve-supply. — ^With the exception of the Tensor palati, which is in- 
nervated by the mandibular nerve through the otic ganglion, all the muscles 
of the soft palate are supplied by the accessory nerve through the pharjmgeal 
plexus. 

When the soft palate is dissected from its posterior, or pharyngeal, to its 
anterior, or oral, surface, the muscles are exposed in the following order: 
(1) the posterior fasciculus of the Palatopharyngeus, covered posteriorly with a 
continuation of the nasal mucous membrane ; (2) the Musculus uvulse, enclosed 
in the palatine aponeurosis ; (3) the Levator palati ; (4) the anterior fasciculus 
of the Palatopharyngeus ; (5) the aponeurosis of the Tensor palati ; and (6) 
the Palatoglossus, covered anteriorly with a continuation of the oral mucous 
membrane. 

The rmvements of the soft palate are described on p. 1298. 

Applied Anatxmy . — The occurrence of a congenital cleft in the palate has been already 
referred to as a defect in development (p. 96). Paralysis of the soft palate often occurs 
after diphtheria. It gives rise to a change in the voice, which becomes nasal, and to the 
regurgitation of fluids into the nose when swallowing is attempted. On inspection, the 
palate is seen to hang flaccid and motionless when phonation or deglutition is attempted ; 
it is also anaesthetic. 


The Salivary Glands (fig. 1122) 

Three pairs of salivary glands pour their secretion into the mouth : they 
are named the parotid, the submandibular (submaxillary) and the sublingual 
glands. 

The parotid gland (figs. 1119, 1120), the largest of the three, has an average 
weight of about 25 gm. It forms an irregular, lobulated mass, lying below the 
external auditory meatus, between the mandible and the Sternomastoid ; it 
projects forwards on to the surface of the Masseter, where a small part of it, 
usually more or less detached, lies between the zygomatic arch above and the 
parotid duct below ; this detached portion is named the accessory part of the 
gland. 

The gland is enclosed within a capsule derived from the deep cervical fascia ; 
the part covering the superficial surface of the gland is dense, closely adherent 
to the gland, and attached to the zygomatic arch ; a portion of the fascia, 
attached to the styloid process and the angle of the mandible, is thickened 
to form the stylomandibular ligament, which intervenes between the parotid 
and submandibular glands. 

The parotid gland may be described as roughly pyramidal in shape ; 
it presents a small, superior surface, and superficial, anteromedial and 
postero-medial surfaces. The lower part of the gland tapers to a blunt 
extremity. 

The superior surface is concave and is related to the external auditory 
meatus, and to the posterior surface of the mandibular joint ; here the 
auriculotemporal nerve winds round the neck of the mandible, imbedded 
in the gland. 

The lower extremity of the gland overlaps the posterior belly of the Digas- 
tric and the carotid triangle to a variable extent. 

The supe^cial surface is covered with the skin, and the superficial fascia, 
which contains the facial branches of the great auricular nerve, some small 
lymph glands and the posterior border of the Platysma. 
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The anteromedial surface is grooved by the posterior border of the ramus of 
the mandible. It covers the postero-inferior part of the Masseter, the lateral 

Fio. 1119. — The right parotid gland. Posteromedial aspect. 
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aspect of the mandibular joint and the adjoining part of the mandibular ramus, 
and passes forwards on tlie deep aspect of the ramus to reach the Medial 


Fio. 1120. — The right parotid gland. Anteromedial aspect. 
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pterygoid muscle. The branches of the facial nerve emerge on the face from 
under cover of the anterior margin of this surface. 

The posteromedial surface is moulded on the mastoid process and the Stemo- 
mastoid, and on the posterior belly of the Digastric, the styloid process and 
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the styloid group of muscles. The external carotid artery grooves this surface 
before it enters the substance of the gland. The internal carotid artery and 
internal jugular vein are separated from the gland by the styloid process and 
the styloid muscles (fig; 1121). 

Structures within the gland . — ^The external carotid artery pierces the postero- 
medial surface of the parotid gland, and divides into its terminal branches 
within its substance. One of these branches — the (internal) maxillary artery — • 
leaves the anteromedial surface of the gland, and runs forwards deep to the neck 
of the mandible, while the other— the superficial temporal artery — gives ofi its 


Fig. 1121. — A drawing of a dissection to show the principal deep relations 
of the parotid gland. 
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transverse facial branch, and then ascends to appear at the upper limit of the 
gland (fig. 1120). The posterior auricular artery may rise from the external 
carotid artery within the gland, and it then leaves the latter on its posteromedial 
surface. The posterior facial vein (p. 808), formed in the upper part of the 
gland by the union of the maxillary and superficial temporal veins, which enter 
the gland at the point of exit of the corresponding arteries, lies superficial to the 
intraglandular part of the external carotid artery. It passes downwards and 
divides into two branches which emerge one in front of and the other behind 
the inferior extremity of the gland. On a still more superficial plane the facial 
nerve traverses the gland, It enters the upper part of the i>osteromedial 
surface (fig. 1119), and passes forwards and downwards in two main divisions 
from which its terminal branches arise. These leave the anteromedial surface 
of the gland above, in front, and below, and pass to their destinations from 
imder cover of its anterior margin.' 

The parotid duct (fig. 1122) is about 5 cm. long. It begins by numerous 
branches from the anterior part of the gland, crosses the Masseter, and at the 
anterior border of this muscle turns inwards nearly at a right angle, passes 
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through the corpus adiposum of the cheek and pierces the Buccinator ; it 
then runs for a short distance obliquely forwards between the Buccinator and 
mucous membrane of the naouth, and opens upon a small papilla on the oral 
surface of the cheek opposite the second upper molar tooth. While cross- 
ing the Masseter it receives the duct of the accessory portion ; in this 
position it lies between the upper and lower buccal branches of the facial 
nerve ; the accessory part of the gland and the transverse facial artery are 
above it. 


Fig. 1122.— a dissection showing the salivary glands of the left side. 
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^ Structure.— The wall of the parotid duct is of considerable thickness, and consists of a 
thick external fibrous coat which contains unstriped muscular fibres, and an internal mucous 
coat which is lined with short columnar epithelium. Its canal is about the size of a crow- 
quill, but at its orifice on the oral surface of the cheek its lumen is greatly reduced in size. 

Vessels and Nerves.— The arteries supplying the parotid gland are derived from the ex- 
ternal carotid artery, and from the branches given off by that vessel in or near the gland. 
The veiTis empty themselves into the external jugular vein, through some of its tributaries. 
The h/mph vessels end in the superficial and deep cervical lymph glands, passing in their 
course through two or three lymph glands on the surface and in the substance of the 
parotid gland. The nerves are derived from the auriculotemporal nerve and from the plexus 
of the sympathetic on the external carotid artery. It is probable that the branch from the 
auriculotemporal nerve is the sooretomotor nerve of the gland and that it is derived from 
the glossopharyngeal nerve through the otic ganglion ; at all events, this has been proved 
experimentally to be the case in some of the lower animals. 

The submandibular (submaxillary) gland (fig. 1122) is irregular in form and 
about the size of a walnut. It consists of a larger superficial part and a smaller 
deep part, which are continuous with each other around the posterior border 
of the Mylohyoid. 

^ The superficial part of the submandibular gland is situated in the digastric 
triangle, reaching forwards to the anterior belly of the Digastric and backwards 
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to the stylomandibular ligament, which intervenes between the submandibular 
and parotid glands. Above, it extends under cover of the body of the mandible ; 
below, it usually overlaps the intermediate tendon of the Digastric and the 
insertion of the Stylohyoid. It has three surfaces, an inferior, a lateral and a 
medial. 

The inferior surface is covered with the skin, Platysma, and deep cervical 
fascia. It is crossed by the anterior facial vein, and by some filaments of the 
facial nerve ; near the mandible the submandibular lymph glands are in contact 
with it. 

The lateral surface is in relation with the submandibular fossa on the inner 
surface of the body of the mandible, and with the lower part of the medial 
surface of the Medial pterygoid muscle. 

The medial surface is in relation with the Mylohyoid, Hyoglossus, Stylo- 
glossus, Stylohyoid, and posterior belly of the Digastric ; between it and the 
Mylohyoid the mylohyoid nerve and vessels run forwards. 

The facial (external maxillary) artery is imbedded in a groove in the posterior 
and superior part of the gland. 

The deep part of the submandibular gland extends forwards as far as the 
posterior end of the sublingual gland, and lies in the intermuscular in- 
terval between the Mylohyoid below and laterally and the Hyoglossus and 
Styloglossus medially ; above, it is related to the lingual nerve and sub- 
mandibular (submaxillary) ganglion ; below, to the hypoglossal nerve and 
its vena comitans. 

The submandibular duct (submaxillary duct) is about 5 cm. long, and its 
wall is much thinner than that of the parotid duct. It begins by numerous 
branches in the superficial part of the gland, and runs with the deep part of the 
gland forwards between the Mylohyoid and the Hyoglossus ; it then passes 
between the sublingual gland and the Genioglossus, and opens by a narrow 
orifice on the summit of the sublingual papilla (fig. 1141). On the Hyoglossus 
it lies between the lingual and hypoglossal nerves, but at the anterior border 
of the muscle it is crossed laterally by the lingual nerve ; the terminal branches 
of the lingual nerve ascend on its medial side. 

Vessels and Nerves. — The arteries supplying the submandibular gland are branches of 
the facial and lingual arteries. Its veins follow the course of the arteries. The nerves 
are derived from the submandibular ganglion, through which it receives filaments from the 
chorda t3unpani of the facial nerve, the lingual branch of the mandibular nerve and the 
sympathetic. 

In the dog and cat the submandibular gland receives its nerve-supply through Langley’s 
ganglion (p. 1272). 

The sublingual gland (fig. 1122) is the smallest of the three salivary glands. 
It is situated beneath the mucous membrane of the floor of the mouth, at the 
side of the frenulum linguae, in contact with the sublingual fossa on the inner 
surface of the mandible, close to the symphysis. It is narrow, flattened, shaped 
somewhat like an almond, and weighs between 3 and 4 gms. It is in relation, 
above, with the mucous membrane of the mouth, which it raises in the form of 
the sublingual fold ; below^ with the Mylohyoid ; in front, with its fellow of the 
opposite side ; behind, with the deep part of the submandibular gland ; laterally, 
with the mandible above the anterior part of the mylohyoid line ; and medially, 
with the Genioglossus, from which it is separated by the lingual nerve and the 
submandibular duct. Its excretory ducts are from eight to twenty in number. 
Of the smaller sublingual ducts, some join the submandibular duct : others 
open separately into the mouth, on the sublingual fold. One or more join to 
form t]xe principal sublingual duct, which opens with or near to the .submandibular 
duct. 

Vessels and Nerves. — The sublingual gland is supplied with blood by the sublingual and 
submental arteries. Its nerves are derived from the lingual and chorda tyrnpani nerves, 
and from the sympathetic. 

Structure of the salivary glands. — The salivary glands are compound racemose glands, 
consisting of numerous lobes, which are made up of lobules, connected together by dense 
areolar tissue, vessels and ducts. Each lobule consists of the ramification of a single duct, 
the branches ending in dilated ends or alveoli on which the capillaries are distributed. The 
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alveoli are enclosed by a basement-membrane, which is continuous with the membrana 
ropria of the duct and consists of a network of branched and flattened nucleated cells. 

^ The alveoli of the salivary glands are of two kinds, viz. serous and mucous, which 
differ in the nature of their secretion and in the appearance of their cells. (1) The mucous 
alveoli secrete a viscid fluid which contains mucin ; (2) the serous secrete a thinner and 
more watery fluid. The sublingual gland consists of mucous, and the parotid gland of 
serous, alveoli. The submandibular gland contains both mucous and serous alveoli 
(fig. 1125). 

Fig. 1123, — A section through the submandibular gland of a kitten. 

Duct semi-diagrammatic. x200. 



Duct 


Demilune 


The cells in the mucous ahmoU are columnar in shape (fig. 1123), and in the fresh con- 
dition contain largo granules of mucinogon. In hardened preparations a delicate proto- 
plasmic network is seen, and the cells ate clear and transparent. The nucleus is usually 
situated near the basomont-mom- 

brane and is flattened. Fkj, u 24. — A section through the parotid gland 

In some alveoli peculiar ores- of a oat. x 200. 

centic bodies are seen between the 
cells and the basement-membrane. 

They are termed the crescents of 
Giannuzzij or the demilunes of 
Heidenhain (fig, 1123), and are 
composed of polyhedral granular 
cells. Fine oanaliculi pass between 
the mucus secreting colls to reach 
the demilunes and penetrate their 
cells. 

In the resting condition of the 
gland the cells in the serous alveoli 
fill the cavity almost completely, 
so that the lumen is barely per- 
ceptible; they contain granules 
imbedded in a closely reticulated 
protoplasm (fig. 1124). The cells 
are more cubical bhan those of 
mucous alveoli; the nucleus of 
each is spherical and placed near 
the centre of the cell, and the gran- 
ules are smaller. 

Both mucous and serous cells 
vary in appearance according to whether the gland is in a resting condition or has been 
recently active. In the former case the cellB are large and contain many granules ; in the 
latter case the cells are shrunken and contain few granules, chiefly collected at the inner 
ends of the cells. The granules are best seen in fresh preparations. 

The ducts are lined at their origins by pavement epithelium, but as they enlarge, the 
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epithelial cells change to the columnar type, and the part of the cell next the basement- 
membrane is finely striated. 

The lobules of the salivary glands are richly supplied with blood-vessels, which form a 
dense network in the inter-alveolar spaces. !Fine plexuses of nerves are also found in the 
interlobular tissue. The nerve-fibrils pierce the basement-membrane of the alveoli, and 

end in branched varicose filaments 

Fio. 1125. — section through a human subman- 
dibular gland. Stained with hsematoxylin 
and eosin. x 300. 


Mucous alveolus 



between the secreting cells. In the 
hilum of the submandibular gland in 
some animals there is a collection of 
nerve-cells termed LangUy^s ganglion. 

Accessory glands . — Besides the saliv- 
ary glands proper, numerous other 
glands are found in the mouth. Some 
of these occur in the tongue (p. 1289) ; 
others lie around and in the tonsil 
betw^een its pits, and large numbers 
are present in the soft palate, the Hps 
and cheeks. These glands are of the 
same structure as the larger salivary 
glands and are of the mucous or mixed 
type. 


The Teeth [Dentes] (figs. 1127 
to 1129) 


Man is provided with two sets 
of teeth, which make their appear- 
ance at difiPerent periods of life. Those of the first set are temporary and appear 
during the first and second years ; they are called the deciduous or milk teeth. 
Those of the second set begin to replace the deciduous set about the sixth year ; 
they are all established by the twenty-fifth year, and, since they may continue 
until old age, are named the permanent teeth. 

The deciduous teeth are twenty in number : four imusors, two canines, and 
four molars in each jaw. 

The permanent teeth are thirty-two in number : four inclsorH, two canines, 
four premolars, and six molars in each Jaw. 

The dental formulae may be represented as follows : 


Deciduous Teelk, 


Upper jaw 


mol. 

. 2 

can. 

1 

in. 

2 1 

1 

in, 

2 

can. mol, 

1 2| 

Lower jaw 

. 

2 

1 

2 

2 

' ' ■ « JL OtiW 

1 2] 

Upper jaw 

mol. premol. 

Permanent Teeth. 
can. in. in. 

can. jjrtjiiiol. mol. 

. 3 

2 

1 

2 j 

2 

I 2 3j 

Lower jaw 

. 3 

2 

1 

2 1 

o 

1 2 aj 


Total 32 


General characteristics. — Each tooth consists of three portions : the crown^ 
projecting beyond the gum ; the root, imbedded in the alveolus ; and the neck, 
the constricted portion between the crown and the root. 

The roots of the teeth are firmly implanted in the alveoli of the maxilte and 
mandible. Each alveolus is lined by- periosteum (|>erioclontaI membrane), 
which invests the tooth as far as its neck and is continuous above with the 
fibrous tissue of the gums. 

In consequence of the curve of the dental arch, terms such as anterior and 
posterior, if applied to the teeth, would be misleading and confusing. Special 
terms are therefore used to indicate the different surfaces of a tootli : the sur- 
face directed towards the lips or cheek is known as the labial or buccal surface ; 
that directed towards the tongue is described as the lingual surface ; those sur- 
faces which touch neighbouring teeth are termed contiguous surfaces. In the 
case of the incisor and canine teeth the contiguous surfaces are medial and lateral ; 
in the premolar and molar teeth they are anterior and posterior. 
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The superior dental arch is larger than the inferior, so that in the normal 
condition the teeth of the maxillae slightly overlap those of the mandible both 
in front and at the sides The upper central incisors are wider than the lower, 
and the corresponding teeth of the upper and lower sets are not opposed accur- 
ately to each other when the mouth is closed. Thus the upper canine tooth 
rests partly on the lower canine and partly on the first premolar, and the 
tubercles of the upper molar teeth lie behind the corresponding tubercles of 
the lower molar teeth. The dental arches, however, end at nearly the same 
points behind because the upper molars, especially the third, are smaller than 
the lower. 


The Permanent Teeth (figs. 1126 to 1129) 

The incisor teeth are so named because they present sharp cutting edges, 
adapted for biting the food. They are eight in number, and form the four front 
teeth in each dental arch. 

Fig. 1126. — The teeth and jaws. Right lateral aspect. 



The crown of each is directed vertically, and is chisel-shaped, being bevelled 
so as to present a sharp, horizontal, cutting edge. Before it is subjected to 
attrition, tins edge presents three small prominent points separated by two 
notches. The crown is convex on its labial surface ; concave on its lingual 
surface near the cutting edge, but becoming convex near the gum. In this 
situation in the teeth of the upper arch, it is frequently marked by a V-shaped 
eminence, known as the cingulum. The nech is constricted. The root is long, 
single, conical, transversely flattened, thicker in front than behind, and slightly 
grooved on each side. 

The upper incisors are larger and stronger than the lower, and are directed 
obliquely downwards and forwards. They overlap the lower incisors and their 
free edges are consequently bevelled at the expense of their lingua] surfaces. 
Their roots are c<5nical and nearly cylindrical. The central upper incisors are 
larger than the lateral. 

The lower incisors are smaller than the upper. They are placed vertically 
and are somewhat bevelled in front, where they have been worn down by 
contact with the overlapping edges of the upper teeth. Their roots are flattened 
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at the sides. The central lower incisors are slightly smaller than the lateral 
and are the least of all the incisors. 

The canine teeth are four in number, two in the upper, and two in the lower 
arch, one being placed lateral to each lateral incisor. They are larger and 
stronger than the incisors, and their long roots, which are relatively superficial, 
cause well-marked bony prominences. 

The crovm of each is large and conical, very convex on its labial surface, a 
httle hollowed and uneven on its lingual surface, and tapering to a blunted 
point or cusp, which projects beyond the level of the other teeth. The root is 
single, but longer and thicker than that of the incisors ; it is conical in form, 
and marked by a slight groove on each side. 

The upper canine teeth (popularly called eye4eeth) are larger and longer than 
the lower, and usually present a distinct cingulum. 


Fig. 1127. — The permaneixt teeth of the upper Fro. 1128. — The permanent teeth of 
dental arch. Inferior aspect. the right half of the lower dental 

arch. Superior aspect. 


Lateral incisive foramina 

\Incisive fossa 


Incisors 


Canine 


Premolars 



Molars 


Palatine process of 
maailla 

Horizontal plate of palatine bone 


The lower canine teeth are placed nearer the median plane than the upper so 
that their summits correspond to the intervals between the upper canines and 
lateral incisors. The roots of the lower canines are occasionally double. 

The premolar teeth are eight in number, four in each arch. They are smaller 
and shorter than the canine teeth and are placed behind and lateral to them. 

The orown of each is compressed from before backwards, and surmounted 
by two pyramidal tubercles separated by a groove. Of the two tubercles the 
labial is larger and more prominent than the lingual. The neck is oval. The 
root is generally single, but presents in front and behind a deep groove, which 
indicates a tendency in the root to become double. 

The upper premolars are larger, and show a greater tendency to the division 
of their roots than the lower ; this is especially the case fn the first upper 
premolar. The roots of the lower premolars are nearly cylindrical. 

The molar teeth are the largest of the permanent set, and their broad crowns 
are adapted for grinding the food. They are twelve in number, six in each 
arch, three being placed behind each second premolar. 
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The crown of each is nearly cubical in form, convex on its buccal and lingual 
surfaces, and flattened on its surfaces of contact ; it is surmounted by four or 
five tubercles, separated from each other by a cruciform depression. The nech 
is distinct, large and rounded. 


Fig. 1129. — The permanent teeth of the right side. (Burchard.) 



The upper molars . — As a rule the first of the upper molars is the largest, and the 
third the smallest. The crown of the first has usually four tubercles, of which 
the posterior lingual tubercle is the smallest ; that of the second, three or four ; 
that of the third, three, the posterior lingual tubercle being absent. Each upper 
molar has three roots, two of which are buccal, and nearly parallel to each other ; 
the third is lingual and diverges from the others as it ascends. The roots of the 
third molar (dens serotinus or wisdom-tooth) are more or less fused together. 

The lower molars . — The lower molars are larger than the upper. On the 
crown of the first there are usually five tubercles, of which the posterior buccal 
tubercle is the smallest ; on the crowns of 
the second and third, four or five, the 
posterior buccal tubercle being inconstant. 

Each lower molar has two roots, an anterior 
and a posterior, which are curved back- 
wards ; both roots are grooved longitudin- 
ally, indicating a tendency to division. 

The two roots of the third molar are more 
or less united. 

The Decidttous Teeth (fig. 1130) 

The deciduous or milk-teeth resemble 
in form the teeth which bear the same 
names in the permanent set ; they are, 
however, smaller and their necks are 
more constricted. The second molar is 
the largest of the deciduous teeth. The first upper molar has three tubercles, 
the second has four. The first lower molar has four tubercles ; the second has 
five. The roots of the deciduous molars are smaller than those of the permanent 
molars ; they are also more divergent, owing to the fact that the crowns of 
the permanent premolars are lodged between them. The deciduous molars 
are replaced by the permanent premolars. 


Fig. 1130. — The deciduous teeth of 
the left side. 



The Stbttotubb of the Teeth 

When a vertical section is made through a tooth (figs. 1131 to 1134), a cavity is seen in 
the crown and in the centre of each root ; it opens by a minute orifice at the extremity of 
the latter. This is called the pulp cavity^ and contains the dented pulp^ a loose connective 
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tissue richly supplied with blood-vessels and nerves, which enter the cavity through the 
small foramen at the point of each root. Some of the cells of the pulp are arranged as a 
layer on the wall of the pulp cavity ; they are named odontoblasts, and during the develop- 
ment of the tooth are columnar in shape, but after the dentine is fully formed they become 
flattened. Each sends a fine process into a canaliculus in the dentine. 

The solid portion of the tooth consists of (1) the dentine or ivory, which forms the bulk 
of the tooth ; (2) the enamel, which covers the exposed part of the crown ; and (3) a thin 
layer of bone, termed the cement, which covers the root or roots. 

The dentine (fig. 1131) is a modification of osseous tissue, from which, however, it differs 
in structure. On microscopic examination it is seen to consist of a number of minute wavy 


Fig. 1131. — A vertical section through a tooth 
in situ. X 15. 


Fig. 1132. — A vertical section 
through a molar tooth. 



c ]s placed in the pulp cavity, opposite the neck of the 
to(^h ; the part above it is the crown, that below is the root. 
1. Enamel with radial and concentric markings. 2. Dentine 
with tubules and contour lines. 3. Cement with bone-cells. 
4. Dental periosteum. 5. Mandible. 



Fio. 1133. — A vertical section 
through a prornolar tooth, 
(Magnified.) 



and branching tubes, termed the dental canaMouli, imbedded in a dense, homogeneous 
mcdnx, " 


The (kntal ca^luyidi (fig. 1134) are placed parallel with one another, and open at their 
mner ends into the pulp cavity. In their course to the periphery they present two or three 
curves, md am twisted on themselves in a spiral direction. They vary in direction : thus 
m a tooth of the mandible they are vertical in the upper portion of the crown, liecoming 
oblique ^d then honzont^ m the neck and upper part of the root, whUe towards the lower 
part of the root they are mclmed downwards. In their course they divide and subdivide, 
and especially m the root give off minute branches, which join together in loops in the 
mato, or end blmdly. Near the periphery of the dentine, the finer ramificatioM of the 
oanaheuh termmate imperceptibly by free ends. The dental canaUouli have definite walls 
consisting of an elastic homogeneous membrane, named the dentinal aheath, which re^ts 
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the action of acids ; they contain slender cylindrical prolongations of the odontoblasts 
named dentinal fibres. 

The matrix is translucent, and contains the chief part of the earthy matter of the 
dentine. It contains a number of fine fibrils, which are continuous with the fibrils of the 
dental pulp. After the earthy matter has been removed by the action of weak acid, the 
animal matter may be torn into laminas which run parallel with the pulp cavity, and across 
the canaliculi. The planes separating these laminse are indicated in a section of dry dentine 
by a series of somewhat parallel lines — the contour lines of Owen — composed of imperfectly 
calcified dentine. In consequence of the imperfection in the calcifying process, little 
irregular cavities are left, termed interglobular spaces (fig. 1134). A series of these spaces 
is found towards the outer surface of the 

dentine, where they form a layer which is jriQ. 1134.— A transverse section through 
sometimes known as the granular layer of 
Tomes, They have received their name 
from the fact that they are surrounded by 
minute nodules or globules of dentine. Other 
curved lines, named the lines of Schreger, 
may be seen parallel to the surface ; they are 
due to the optical effect of simultaneous 
curvature of the dentinal fibres. 

Chemical composition. — According to 
Berzelius and von Bibra, dentine consists 
of 29 parts of animal, and 72 parts of earthy, 
matter. The animal matter is converted 
when boiled, into gelatin. The earthy 
matter consists of phosphate, carbonate, 
and a trace of lluoride of calcium, phos- 
phate of magnesium and other salts ; over 
80 per cent, of the earthy matter consists 
of calcium phosphate. 

The enamel is the hardest and most 
compact part of the tooth, and forms a thin 
crust over the exposed part of the crown, as 
far as the cornnKvncement of the root. It is 
thickest on the grinding surface of the crown, 
until worn away by attrition (fig. 1133), and 
becomes ■ thinner towards the neck. The 
cement may overlap, or bo overlapped by, 
the enamel, but they generally meet without 
overlapping. Sections \isually show a series 
of brown linos which form acute angles 
with the contour of the underlying dentine. 

The enamel consists of rninuto parallel rods 
termed ernimel-prisms, each of which is 
surrounded by a cuticle which can be deeply 
stained by Hoidenhain’s hicmatoxylin (H. C. 

Malleson, British DentalJourmli vol. xlv., p. 601) ; their inner ends rest upon the dentine, 
their outer form the free surface of tlio crown. The enamol-fibros are directed vertically 
on the summit of the crown, and more or less horizontally at the sides, but pursue a 
somewhat wavy course. Each enarnel-fibro is a six-sided prism, about 4/x in diameter, 
and presents numerous, dark, transverse shadings, which are probably due to the 
manner in which the fibres are developed in successive stages, shallow constrictions being 
produced, as will bo explained subsequently. Numerous minute spaces intervene between 
the enamel-fibres near their dentinal ends. 

Chemical composition. — Enamel consists of from 98 to 99 per cent, of earthy matter, 
and from 1 to 2 per cent, of animal matter. The earthy matter consists of phospliate of 
lime, with traces of fluoride and carbonate of calcium, phosphate of magnesium and other 
salts. Tomes asserts that there is no animal matter in properly calcified enamel. 

The cement (figs. 1131, 1134) is disposed as a thin layer on the roots of the teeth, from 
the enamel to the apex of each root. In structure and chemical composition it resembles 
bone. It contains a few lacunae and canaliculi ; the canaliculi of adjacent laounie inter- 
communicate as in ordinary bone ; and those more deeply placed join with the adjacent 
dental canaliculi. Normal cement is non-vascular. 

Arteries, — The upper molars and premolars receive their biood-supply from the posterior 
superior dental branch of the (internal) maxillary artery ; the upper canine and incisors 
from the anterior superior dental branches of the infra-orbital artery. The lower teeth 
are supplied by the inferior dental branch of the maxillary artery. 

Nerves, — The superior dental branches of the maxillary nerve supply the upper, and 
the inferior dental branch of the mandibular nerve (p. 1053) the lower, teeth. In the case 


a portion of the root of a canine tooth. 
X 300. (From Strieker’s Handbook of 
Histology.) 
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of the mandibular teeth, however, Stewart and Wilson* have shown that the lingual and 
buccal (buccinator) nerves may take part in the innervation of the pulp. 

The lymph vessds are described on p. 855. 


The Development oe the Teeth (figs. 1135 to 1139) 

In describing the development of the teeth, the mode of formation of the deciduous 
teeth must first be considered, and then that of the permanent teeth. 

Fig, 1135. — sagittal section through the first lower deciduous molar of a human 
embryo 30 mm. long, x 100. (R6se.) 



L.E.L. Latoiogingival lamina, here separated from the dental lamina. M.E. Mouth-epithelium. 

P.p. Bicuspidate papilla, capped hy the enamel germ. ^.L., placed over the shallow dental furrow, 
points to the denml lamina, which is spread out below to form the enamel germ of the future tooth. 

Z.S. Condensed tissue forming dental sac. 

The development of the deciduous teeth begins about the sixth week of intrauterine life as 
a shallow dental furrow in the epithelium covering the surface of the mandibular arch (p. 97). 
Along the line of this furrow the epithelium grows into the subjacent mesoderm as a band of 
cells which splits into a medial (dentogingival) and a lateral (labiogingival) lamina (Bolk f)- 
The cells of the labiogingival lamina ultimately break down and a groove is formed which 

Fig. 1136. — sagittal section through the canine tooth of an embryo 40 mm. 
long. X 100. (Rose.) 



separates the alveolar process from the lips and cheeks. In the dentogingival lamina tho 
enamel-organs of the teeth are developed, and hence it is usually known as the dental lamina 
or comrnon dental germ, Bolk has pointed out that the dental lamina also forms the epithel- 
ium of the gums, on the inner surface of the alveolar ridge. The common dental germ forms 
a flat band of cells, which grows into the substance of the embryonic jaw, at first horizontally, 
and then, as the teeth develop, vertically, i.e. upwards in the upper jaw, and downwards in 

* Proceedings of the Anatomical Society of Great Britain and Ireland, June 1928. 
t L. Bolk, Odontological Essays,” Journal of Anatomy, vols. Iv., Ivi., Ivii. 
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the lower jaw. While still maintaining a horizontal direction it has two edges — an attached 
edge, continuous with the epithelium lining the mouth, and &free edge, imbedded in the 
mesodermal tissue of the embryonic jaw. 

About the ninth week the dental lamina begins to develop enlargements along its free 
edge. These are ten in number in each jaw, and each corresponds with a future deciduous 
tooth. They consist of masses of epithelial cells ; and the cells of the deeper parts of each 
mass increase rapidly and spread in all directions. Each mass thus comes to assume the 
shape of a club, connected with the epithelial lining of the mouth by a narrow neck, em- 
braced by mesoderm. These masses are now known as special dental germs. After a time 
the lower expanded portion of each mass inclines outwards, so as to form an angle with the 
superficial constricted portion, which is sometimes known as the neck of the special dental 
germ. About the tenth week the mesodermal tissue beneath the special dental germs 
becomes differentiated into papillae ; these come in contact with the speciaPdental germs, 
which become folded over them like a hood or cap. There is, at this stage, a papilla (or 
papillae) which has already begun to assume somewhat the shape of the crown of the future 
tooth, and from which the dentine and pulp of the tooth are developed, surmounted by a 
dome or cap of epithelial cells from which the enamel is derived. 

While these changes are going on, the dental lamina extends backwards behind the 
special dental germ of the second deciduous molar tooth, and about the seventeenth week 


Fig. 1137. — ^A vertical section through the mandible of an early human foetus. 

x26. 



of intrauterine life, it presents an enlargement, the special dental germ for the first per- 
manent molar, soon followed by the formation of a mesodermal papilla for the same tooth. 
About the fourth month after birth a further extension backwards of the dental lamina 
occurs, with the formation of another special dental germ and its corresponding papilla 
for the second molar. I'he process is repeated for the third molar, the papilla of which 
appears about the fifth year of life. 

After the formation of the special dental germs, the dental lamina undergoes atrophic 
changes and becomes cribriform, except on the lingual aspect of each of the special germs 
of the temporary teeth, where it undergoes a local thickening to form the special dental 
germ of each of the successional permanent teeth — i.e. the ten anterior ones in each jaw. 
Here the same process goes on as has been described in connexion with those of the decidu- 
ous teeth ; that is, they recede into the mesoderm, behind the germs of the deciduous teeth. 
As they recede they become club-shaped, form expansions at their distal ends, and finally 
meet papillae which have been formed in the mesoderm. The apex of each papilla indents 
the dental germ, which forms a cap for it, and becomes converted into the enamel, while the 
papilla forms the dentine and pulp of the permanent tooth. 

The special dental germs consist at first of round or polyhedral epithelial cells. After 
the formation of the papillae, these cells undergo a differentiation into three layers. Those 
in contact with the papilla become elongated, and form a stratum of well-marked columnar 
epithelium. These cells form the enamel-fibres, and are therefore termed enamel-cells or 
ameloblasis. The cells of the outer layer of the special dental germ are cubical in form, and 
are named the external enamel epithelium. The intermediate cells become stellate in shape 
and form a network into which fluid is secreted ; this has the appearance of a jelly, and 
to it the names of stellate reticulum or enamd-pulp are given. Between the stellate 
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reticulum and the layer of ameloblasts there is a stratum intermedium consisting of two or 
three layers of round or polygonal cells. The special dental germ, thus transformed, is 
now named the enximel-organ (fig. 1137). 

Bolk (loc. cit.) has pointed out that in mammals, with one or two exceptions, the enamel- 
organ is, during a certain phase of development, connected with the common dental germ 
by a medial and a lateral enamel hand, separated by what he names the enamel-niche, these 
two bands unite and convert the niche into a short tunnel which is filled with mesoderm, 
and is open posteriorly. The lateral enamel-band degenerates and is broken up into 
epithelial islets. 

While these changes are going on, a sac is formed around each enamel-organ from the 
mesodermal tissue. This is known as the dental sac, and it is a vascular membrane of 
connective ti^jsue. It encloses the whole tooth germ, and causes the neck of the enamel- 

organ to atrophy and disappear, so that the 


Fig. 1138. — A longitudinal section through connexion Detween tne enamel-organ and 
the lower part of a growing tooth, f^he superficial epithelium is severed, 
showing the extension of the layer of The formation of the enamel , — The enamel 

ameloblasts beyond the crown to mark is formed exclusively from the enarnel-cells 
off the limit of formation of the dentine of or ameloblasts of the special dental germ 
the root. (R6se.) (From Quain’s (fig. nag), either by direct calcification of 

oj na omy.) columnar cells, which become elongated 

ad ^ od, into the enamel-fibres, or, as is more 

generally believed, as a secretion from the 
ameloblasts, within which calcareous matter 
subsequently deposited. 

process begins at the ends of the 
enamel-cells in contact with the dental 
papilla. Here a fine globular deposit takes 
place, being apparently shed from the ends 
' ‘ ^ ameloblasts. It is known by the name 

and resembles keratin 
^ resistance to the action of mineral 
droplet then becomes fibrous 
calcifies, and fonns the first layer of the 
'v enamel ; a second droplet now appears and 

calcifies, and so on; successive droplets 
of keratin-like material are shed from 
ameloblasts and form layers of enamel, 
ameloblasts gradually receding as each 
eo produced, until at tiio termination 

" ' ^ process they have almost disappeared. 

enamel-pulp or stcllah^ reticjulum and 
' stratum intermedium atrophy and dia- 

®o that the newly formed calcified 
)' Diaterial and the external enamel-epithelium 
apposition. The crown of the 
tooth is covered for a time by a distinct 
ad. Ameloblasts, continuous below with ep. sch., ^oo;ibrane, knowm as the cuticula deniis 
j sheath, d. Dentine, en. Enamel. {JSasmyths 77i€, morane), and believed to 

od. Odontobiaste. p. Pulp. be developed from the enameUpithelium. 

It forms a homy layctr, which may be 
separated from the subjacent calcified mass by the action of strong acids. It is marked 
by the hexagonal impressions of the enamel-fibres, and when stained by nitrate of silver, 
shows the characteristic lines of interepithelial cement. 

The formation of the dentine,— As before stated, the first germs of tlie dentine are the 
papillae, which grow upwards into the enamel-germs and become covered by them, both 
bemg enclosed in the dental sacs, in the manner above described. Each papilla then 
consists of round cells, and is very vascular, and soon begins to assume the shape of the 
tutoe tooth. The next step is the appearance of the odontoblasts, which have a relation to 
the development of the teeth somewhat similar to that of the osteoblasts to the formation of 
.^re formed from the superficial cells of the papilla ; these ceils become elongated, 
one end of the elongated cells resting against the epithelium of the special dental germi’s, the 
0 her hemg tapered and often branched. By the direct transformation of the peripheral 
en^ of these cells, or by a secretion from them, a layer of uncalcified matrix (prodentim) 

IS foimed, whzch caps the cusp, or cusps if there be more than one, of the papilla. This 
matrix becomes fibrillated, and in it islets of calcification make their appearance, and, 
coalescing, give rise to a continuous layer of calcified material, which covers each cusp and 
constitutes the first layer of dentine. The odontoblasts retire towards the centre of the 
papdla, and as they do so, produce successive layers of dentine— that is to say, they form 
the dentinal matrix in which calcification subsequently takes place. As they recede from 


of Anatomy.) 

ade/^ oL qd. 






ad. Ameloblasts, continuous below with ep. sch., 
®p5thelial sheath, d. Dentine, en. Enamel. 
od. Odontoblasts, p. Pulp. 
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the periphery of the papilla, they leave behind them filamentous processes of cell-proto- 
plasm ; these are surrounded by the calcified material, and thus the dental canaliculi are 
formed ; the processes of protoplasm contained within these constitute the dentinal fibres. 
The central part of the papilla does not undergo calcification, but persists as the pulp of the 
tooth. In certain places uncalcified portions of the matrix remain between the successive 
layers of dentine, and give rise to the interglobular spaces alluded to above. 

The formation of the cement . — The root of the tooth begins to be formed shortly before 
the crown emerges through the gum, but is not completed until some time afterwards. 
Its form is determined by a downgrowth of the epithelium of the dental germ which extends 
below the region where the enamel is to be formed, almost as far as the situation of the 
apex of the future root ; this fold of epithelium is known as the epithelial sheath (fig. 1138). 
The vascular tissues of the dental sac then break through the epithelial sheath, and 
spread over the surface of the root as a layer of bone-forming material. In this layer 
osteoblasts make their appearance, and the process of ossification goes on as in the intra- 
membranous ossification of bone. The remains of the epithelial sheath may sometimes be 
seen in the adult as isolated groups of cells in the alveolar periosteum (periodontal membrane). 

The formation of the alveoli. — ^About the fourteenth week of embryonic life the dental 
lamina is enclosed in a trough or groove of mesodermal tissue, which at first is common to 
all the dental germs, but subsequently is divided by septa into loculi, each loculus con- 
taining the special dental germ of a deciduous tooth and its corresponding permanent tooth. 
After birth each cavity becomes subdivided, so as to form separate loculi for each deciduous 
tooth and its corresponding permanent tooth. Although at one time the whole of the 
growing tooth is contained in the cavity of the alveolus, the latter never completely encloses 
it, since there is always an aperture over the top of the crown filled by soft tissue, by which 
the dental sac is connected with the surface of the gum, and which in the permanent teeth 
is called the giibernaculum dentis. 

The development of the permanent teeth — Developmentally considered the permanent 
teeth may be divided into two sets: (1) the smcessional permanent teeth which replace the 
deciduous teeth, and, like them, are ten in number in each jaw ; and (2) the superadded 
permanent teeth which have no deciduous predecessors, but are developed behind the 
temporary molars. The superadded permanent teeth are the three permanent molars, 
the molars of the deciduous set being replaced by the permanent premolars. During their 
development the successional permanent teeth, enclosed in their sacs, are placed on the 
lingual side of the deciduous teeth, but are separated from them by bony partitions. As 
the crown of the permanent tooth grows, absorption of the bony partition and of the root 
of the deciduous tooth takes place, through the agency of osteoclasts, which appear at this 
time, and finally nothing but the crown of the deciduous tooth remains. This is shod or 
removed, and the permanent tooth takes its place. 

The sxiperadded permanent teeth are developed in the mamxer already described, by 
extensions backward of the posterior part of the dental lamina in each jaw (p. 1278). 

The eruption of the teeth . — When the calcification of the different tissues of 
the tooth is sufficiently advanced to enable it to bear the pressure to which it 
will be subjected, eruption takes place, the tooth making its way through 
the gum. The eruption of the deciduous teeth commences about the seventh 
month after birth, and is completed about the end of the second year, the 
teeth of the lower jaw preceding those of the upper. 

C. S. Tomes gives the following as the most usual times of eruption of the 
deciduous teeth ; 


Lower central incisors 6 to 9 months 

Upper incisors 8 to 10 months 

Lower lateral incisors and first molars . . 15 to 21 months 

Canines 16 to 20 months 

Second molars 20 to 24 months 


There are, liowover, considerable variations in these times. According to 
Holt : a child at the age of one year should have six teeth ; at the age of a 
year and half, twelve ; at the age of two years, sixteen ; and at the age of two 
and a half years, twenty. 

Calcification of the permanent teeth proceeds in the following order in the 
lower jaw (in the upper jaw it takes place a little later) : the first molars, at 
birth ; the incisors, and canines, about six months after birth ; the premolars, 
at the third year, or a little later ; the second molars, about the end of the 
fourth year ; the third molars, about the tenth year. 

The eruption of the permanent teeth takes place at the following 
G.A.. 2 s 
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periods, the teeth of the lower jaw preceding those of the upper by short 
intervals : 


First molars 
Two central incisors 
Two lateral incisors . 
First premolars 
Second premolars . 
Canines . 

Second molars . 
Third molar 


6th year 
7 th year 
8th year 
9th year 
10th year 
11th to 12th year 
12th to 13th year 
17th to 25th year 


Towards the sixth year, before any of the deciduous teeth are shed, there 
are twenty-four teeth in each jaw, viz. the ten deciduous teeth and the crowns 
of aU the permanent teeth except the third molars (fig, 1139). 

It should be noted that the first molars are the earliest of the permanent 
teeth to erupt. This arrangement provides for the satisfactory mastication 
of food during the period when the premolars are erupting and the milk molars. 


Fio. 1139. — The teeth of a child about six years. The permanent teeth 
are coloured blue. 


Permanent canine> 


Pretnolars 

First perrnanent molar 


Permanent incisors 


id permanent molar 



Permanent incisors 

Permanent canine 

Premolars 


Second permaneiit molar 
First permanent molar 


which are in process of being shed, are of little value for this purpose. It is of 
interest to observe that in the eruption of both the deciduous and the permanent 
teeth, the canine appears in the interval between two teeth which have already 
erupted. 

Development of the gums. — West,* who has investigated tlxe development of the gums 
in human embryos and feetuses from the seventh to the fortieth week, points out that the 
gum is developed in two parts, a labiobucoal and a lingual. The lubiobuccal part lies be- 
tween the lip-groove and the dental-groove. It api)ears before the lingual part, grows 
more rapidly, and is the more prominent ; it takes the chief share in the formation of the 
adult gum, and becomes divided into segments which correspond in size and numln^r with 
the tooth-sacs. The lingual part is not segmented, and its surface remains almost entirely 
smooth. The tissue of the gum in advance of the tooth is highly vascular, and furnishes 
a source of nutrition for the developing tooth. 

Applied Anatomy . — As a consequence of diseases such as the acut(i infective fevers, 
which cause a temporary diminution in the calcium content of the blood, both the deciduous 
and the permanent teeth may show defective development or irregular transverse furrows 

* Cecil M. West (Contributions to Embryology, No. 79. Publication 361 of the Carnegie 
Institution of Washington, 1925.) 
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and erosions ; this is particularly the case with the incisors. A characteristic malformation 
of the two upper central permanent incisors is seen in patients with inherited syphilis, 
and was first described by Hutchinson, Here there is a crescentic notch in the anterior 
surface and at the cutting edge of the tooth, which is peg-shaped, stunted, and set obliquely 
in the gum, pointing either medially or laterally. 


The Tongue [Lingua] (figs. 1140 to 1142) 

The tongue is a muscular organ intimately associated with the functions of 
taste, speech and deglutition ; it is situated partly in the mouth, and partly in 
the pharynx. Through the medium of its constituent muscles it is attached to 
the hyoid bone, the mandible, the styloid processes, the soft palate and the wall of 
the pharynx. It possesses a root, a tip, a curved dorsum and an inferior surface. 

Fig. 1140. — The dorsum of the tongue. 


Epiglottis 



The root of the tongue (fig. 1117) is attached to the hyoid bone and the 
mandible, and between these bones is in contact with the Geniohyoid and the 
Mylohyoid muscles. The dorsum is convex from before backwards, and from 
side to side, and is divided into an anterior part which faces upwards, and a 
posterior part which faces backwards. These two parts are separated by a 
V-shaped furrow, termed the sulcus termimlis, the limbs of which run laterally 
and forwards from a median pit, named the foramen cvscum^ to the palatoglossal 
arches (fig. 1140). The foramen caecum marks the site of the upper end of the 
thyroid diverticulum (p. 165), and the sulcus terminalis serves as the boundary 
between the oral part or anterior two-thirds, and the pharyngeal part or pos- 
terior one-third, of the tongue. These two parts difier in the structure of their 
covering mucous membrane, in their nerve supply and in their development. 

The oral jpart of the tongue (figs. 1140, 1142) is placed in the cavity and 
floor of the mouth ; its a^ex rests against the incisor teeth ; its margin is free 
and in contact with the gums and teeth ; its superior surface is in relation 
with the hard and soft palates. On each border, just in front of the palatoglossal 
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arcli, there are four or five vertical folds, named the folia linguce (fig. 1140), 
which correspond to the papillse foliatse of the rabbit’s tongue. The mucous 
membrane of the superior surface of the oral part is marked b}’' a median 
furrow (figs. 1140, 1142), is intimately adherent to the subjacent muscle, and is 
covered with papillse. The mucous membrane on the inferior surface is smooth, 
and of a purplish colour ; it is reflected from the tongue to the floor of the mouth 
and the gums. In the median plane it is connected to the floor of the mouth 
by the frenulum linguse (fig. 1141). Lateral to the frenulum, the lingual vein 
is seen shining through the mucous membrane, and at the lateral side of the 
vein there is a fringed fold of mucous membrane, named the 2^Uca finihriafa, 
which is directed forwards and medially towards the apex. The oral part of 


Fig. 1141. — The cavity of the mouth. The tip of the tongue is turned 

upwards. 



Note.— In the model from wliom tlie drawing was made the two Huhlingual oaplUie f«>rmed a 

.single median elevation. 


the tongue is developed from the lingual swellings of the mandihular arch, and 
to a small extent from the tuberculum impar (p. 163). Its nerve of ordinarv 
sens^iqn IS the lingual ; its nerve of taste, the chorda tympani 

^rt of the tongue (fig. 1140) lies behind the palatogIo.saal 
of It® f If hmus ; its posterior surface (sometimes named 

ae tee of the tongue) forms the anterior wall of the oral part of the pharynx. 

T® to the tonsils and the 

pharynged waU, ^d posteriorly on to the epiglottis, where it forms a median 

k [Pharyngo-epiglottic] folds. It is devoid 

oflymphoid tissue, which are imbedded in theLbmucous 
tissue and collectively constitute the lingual tonsil. The phar\Tigeal part of 
on n T(M^ IS developed from the hypobranchial eminence, which k delscribed 
gfossophiyigLT sensation and of taste are derived from tlie 
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The papillce of the tongue (figs. 1140, 1142) are projections of the corium. 
They are thickly distributed over the anterior two-thirds of the dorsum, giving 
to this part its characteristic roughness. They are grouped under the terms 
papillae vallatae, papillae fungiformes, papillae filiformes and papillae simplices. 

The vallate papillce (figs. 1140, 1142) are of large size, and vary from eight to 
twelve in number. They are situated on the dorsum of the tongue, and form 
a V-shaped row immediately in front of and parallel with the sulcus terminalis. 
Each papilla is from 1 mm. to 2 mm. in diamater, and is attached within a 


Fig. 1142. — The cavity of the mouth. The cheeks have been slit transversely 
and the tongue pulled forwards. 



circular depression of the mucous membrane ; each depression is surrounded 
by a wall (vallum) separated from the papilla by a circular sulcus. The papilla 
is shaped like a truncated cone, the smaller end being attached to tlie tongue ; 
the broader end projects a little above the surface of the tongue, and is studded 
with numerous small secondary papillae subjacent to the epithelial layer. The 
entire papilla and the surrounding sulcus are covered with stratified scpiamous 
epithelium. 

The fungiform papillce (figs. 1140, 1142, 1144), more numerous than the 
preceding, are found chiefly at the sides and apex of the tongue, but are scattered 
irregularly and sparingly over the dorsum. They are easily distinguished from 
the filiform papillse by their large size, round shape, and deep red colour ; each 
exhibits secondary papillse beneath the epithelium. On the sides of the tongue 
they are somewhat flattened. 
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Fiq. 1 143. — A vertical section through a human vallate 
papilla. Stained with haematoxylin and eosin. x 15. 



i 








VaUum 
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The filiform papillcB (fig. 1145) cover the anterior two-thirds of the dorsum 
of the tongue. They are very minute, conical or cylindrical in shape, and 
arranged in rows which run parallel with those of the papillse vallatse, except- 
ing at the apex of the 
tongue, where their direction 
is transverse. The filiform 
papillse present numerous, 
secondary, connective tissue 
papillae, but these are more 
pointed and contain a larger 
proportion of elastic fibres 
than the secondary papillae 
vallatae and papillae fungi- 
formes. The epithelium 
covering the filiform papillae 
may be split up into fila- 
mentous processes, each of 
which forms the apex of one 
of the secondary papillae ; 
these processes are of a 
whitish tint, owing to the 
thickness and density of 
the epithelium, the cells 
of which are elongated and 
cornified. 

The papillce simplices are 
similar to those of the skin, 
and cover the whole of the 
mucous membrane of the tongue, as well as the larger papillae. They consist 
of closely set microscopic elevations of the corium ; each contains a capillary 
loop, and is covered with epithelium. 





■A : •; 




• • v. i ->, 

fL: 

.*.■ ■, .• ■ . . 















'9 


Taste- 

bud 


S^ous 

gland 


Fig. 1144. — section through a fungi- 
form papilla from the human tongue. 
Stained with haematoxylin and eosin. 
xl5. 



Fio. 1145. — A section through two 
filiform papillae from the human 
tongue. Stained with haematoxylin 
and eosin. x 16. 



The muscles of the tongue.— The tongue is divided into right and left halves 
by a median fibrous septum, which is fixed below to the hyoid bone. In each 
h^ there are two sets of muscles, extrinsic and intrinsic ; the former have their 
origins outside the tongue, the latter are contained within it. 
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The extrinsic muscles (fig. 1146) are : 

Genioglossiis. Chondroglossus. 

Hyoglossus . Styloglossus . 

Palatoglossus * 

The Genioglossus is a triangular muscle placed close to and parallel with the 
median plane. It arises by a short tendon from the upper genial tubercle 
on the inner surface of the symphysis of the mandible, just above the origin 
of the Geniohyoid muscle, and spreads out in a fan-like form. The inferior 

Fig. 1146. — A dissection of the left side of the head and neck, showing the 
muscles of the tongue and pharynx. 
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Pharyngeal — 
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Geniohyoid m. 
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Tensor palati 
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^ Levator 
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Tip of trans- 
verse process 
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fibres are attached by a thin aponeurosis to the upper part of the body of the 
hyoid bone, a few passing between the Hyoglossus and Chondroglossus to 
blend with the Constrictors of the pharynx ; the middle fibres pass backwards, 
and the superior ones upwards and forwards, to enter the whole length of the 
under surface of the tongue, from the root to the apex. The muscles of opposite 
sides are separated posteriorly by the septum of the tongue (p. 1289) ; in 
front, they are more or less blended owing to the decussation of fasciculi in the 
median plane. 

Actions, — The Genioglossus draws the tongue forwards and protrudes the 

* The Palatoglossus, although one of the muscles of the tongue, is more closely associated 
with the soft palate both in situation and function ; it is consequently described with the 
muscles of that structure (p. 1265). 
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tip from the mouth. The two muscles acting in their entirety draw the 
median part of the tongue downwards so as to make the superior surface 
concave from side to side. 

The Hyoglossus, thin and quadrilateral, arises from the whole length of the 
greater horn, and from the front of the lateral part of the body, of the 
hyoid bone ; it passes almost vertically upwards and enters the side of 
the tongue, between the Styloglossus and Longitudinalis linguae inferior. The 
fibres arising from the body of the hyoid bone overlap those from the greater 
horn. 

Eelations. — The Hyoglossus is in relation by its superficial surface with the tendon of 
the Digastric, the Stylohyoid, Styloglossus and Mylohyoid muscles, the lingual nerve and 
the submandibular ganglion, the sublingual gland, the deep portion of the submandibular 
gland and the submandibular duct, the hypoglossal nerve and its vena comitans. By its 
deep surface it is in relation with the stylohyoid ligament, the Genioglossus, the Longi- 
tudinalis linguse inferior, and the glossopharyngeal nerve. In its lower and posterior 
part, it is separated from the Middle constrictor of the pharynx by the lingual 
vessels. This portion of the muscle lies in the lateral wall of the pharynx, a little below 
the tonsil. 

Action. — The Hyoglossus depresses the tongue. 

The Chondroglossus is sometimes described as a part of the Hyoglossus, 
but it is separated from that muscle by fibres of the Genioglossus wdiich pass to 
the side of the pharynx. It is about 2 cm. long, and arises from tlie medial 
side and base of the lesser horn and contiguous portion of the body of the 
hyoid bone ; it ascends and blends with the intrinsic muscular fi})res of the 
tongue, between the Hyoglossus and Genioglossus. 

A small slip arises occasionally from the cartilago triticea in the lateral 
thyrohyoid ligament and enters the tongue with the most posterior fil,)res of 
the Hyoglossus. 

Action. — The Chondroglossus assists the Hyoglossus in depressing the 
tongue. 

The Styloglossus, the shortest and smallest of the three styloid muscles, 
arises from the anterior and lateral surfaces of the styloid process, near its apex, 
and from the stylomandibular ligament. Passing downwards and forwards, it 
divides upon the side of the tongue into two portions ; one, longitudinal, enters 
the side of the tongue near its dorsal surface, blending with the fibres of the 
Longitudinalis linguae inferior in front of the Hyoglossus ; the other, of)lique, 
overlaps the Hyoglossus and decussates with its fibres (fig. 1146). 

Action. — The Styloglossus draws the tongue upwards and backwards. 

Nerve-supply. — ^With the exception of the Palatoglossus (p. 126r>) all the 
extrinsic muscles of the tongue are supplied by the hypoglossal nerve. 

The intrinsic muscles are : 

Longitudinalis linguae superior. Transversus lingua*. 

Longitudinalis linguae inferior. Verticalis lingua*. 

The Longitudinalis linguae superior is a thin stratum of oblique and longitudinal tibres 
immediately underlying the mucous membrane on the dorsum of the tongue. I t ar-iscH 
from the submucous fibrous layer close to the epiglottis, and from the median fibrous 
septum, and runs forward to the edges of the tongue, some of its fibres being inserted into 
the mucous membrane. 

The Longitudinalis linguae inferior is a narrow band situated on the under surface of 
the tongue between the Genioglossus and Hyoglossus. It extends from the root to the 
apex of the tongue, some of its posterior fibres being connected with the bod\' of the hyoid 
bone ; in front it blends with the fibres of the Styloglossus. 

The Transversus lin^ae consists of fibres which arise from the mc*dian fibrous s<*ptum 
and pass laterally to be inserted into the submucous fibrous tissue at the sides of tin* tongue. 

The Verticalis linguae is found at the borders of the fore part of the tongue. Its fibres 
extend from the upper to the under surface of the organ. 

Applied Anatomy, Owing to the presence of the median fibrous septum of the tongue, 
the anastomosis between the two lingual arteries is not very free. This is a point of con- 
siderable importance in connexion with removal of one-half of the tongue, an operation 
not infrequently resorted to for malignant disease. If the mucous membrane be divided 
exactly in the median plane, the tongue can be split into halves, without any appreciable 
haemorrhage, and the diseased half can then be removed. 
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Nerve-supply. — The intrinsic muscles of the tongue are supplied by the hypoglossal 
nerve. 

Actions. — The intrinsic muscles are mainly concerned in altering the shape , of the 
tongue ; thus, the Longitudinales linguae, superior et inferior, tend to shorten it, but the 
former, in addition, turns the tip and sides upwards so as to render the dorsum concave, 
while the latter pulls the tip downwards and renders the dorsum convex. The Trans - 
versus linguae narrows and elongates the tongue, and the Verticalis linguae flattens and 
broadens it. 

Structure of the tongue. — The tongue consists chiefly of muscular tissue, but is partly 
invested by mucous membrane and a submucous fibrous layer. 

The mucous membrane covering the under surface of the tongue is thin, smooth, and 
identical in structure with that lining the rest of the oral cavity. The mucous membrane 
of the pharyngeal part of the dorsum of the tongue is thick and jfreely movable over the 
subjacent parts. It contains a large number of follicles of lymphoid tissue ; each follicle 
forms a rounded eminence, in the centre of which there is a minute orifice leading into a 
funnel-shaped cavity or recess ; numerous round or oval nodules of lymphoid tissue, each 
enveloped by a capsule derived from the submucous fibrous layer, are grouped around this 
recess, which receives the openings of the ducts of some mucous glands in its floor. The 
mucous membrane on the oral part of the dorsum of the tongue is thin, intimately 
adherent to the muscular tissue, and covered with numerous papillce (p. 1285). It con- 
sists of a layer of connective tissue (the corium) covered with epithelium. 

The epithelium is of the stratified squamous variety, similar to, but much thinner 
and less complex than that of the skin ; it invests each papilla from root to summit. 

The coriwm consists of a dense felt-work of fibrous connective tissue, with numerous 
elastic fibres, firmly united with the fibrous tissue between the muscular bundles of the 
tongue. It contains the ramifications of the numerous vessels and nerves from which the 
papillm are supplied, large plexuses of lymph vessels and the glands of the tongue. 

Glands of the tongue. — The tongue is provided with mucous and serous glands. 

The mucous glands are similar in structure to the labial and buccal glands. They are 
numerous in the posterior one-third of the tongue, i.e. behind the vallate papillse, but are 
also present at the tip and margins. In this connexion the anterior lingual glands require 
special notice. They are situated on the under surface of the tip of the tongue (fig. 1141), 
one on each side of the frenulum, where they are covered by the mucous membrane and by 
a fasciculus of muscular fibres derived from the Styloglossus and Longitudinalis inferior. 
They are from 12 mm. to 20 mm. long, and about 8 mm. broad ; each consists of mucous 
and serous alveoli, and opens by three or four ducts on the under surface of the tip of the 
tongue. 

The serous glands occur in the neighbourhood of the taste- buds, their ducts opening 
for the most part into the sulci of the vallate papillm. These glands are racemose ; the 
duct of each branches into several minute ducts, which end in alveoli lined by a single 
layer of more or less columnar epithelium. Their secretion is of a watery nature, and prob- 
ably assists in distributing the substance to be tasted over the »taste area (Ebnor). 

The septum of the tongue is a median fibrous partition which extends throughout th(s 
length of the organ, but does not quite reach the dorsum ; it gives origin to the Transversus 
lingum, and is well displayed in a coronal section of the tongue. Posteriorly it expands in a 
transverse direction and forms what is sometimes known as the hyoglossal membrane ; this 
membrane connects the root of the tongue to the hyoid bone, and gives insertion to the 
inferior fibres of the Genioglossi. 

Taste-huds are scattered over the mucous membrane of the mouth and tongue at irregular 
intervals. They occur especially in the sides of the vallate papillae. They are described 
under the organs of the senses (p. 1154). 

Vessels and Nerves. — The main artery of the tongue is the lingual branch of the external 
carotid artery, but the facial (external maxillary) and ascending pharyngeal arteries also 
give branches to it. The veins open into the internal jugular vein. 

The lymph vessels of the tongue are described on p. 856. 

The sensory nerves of the tongue are : (1) the lingual branch of the mandibular nerve, 
which is the nerve of ordinary sensibility for the anterior two-thirds of the tongue ; (2) the 
chorda tympani branch of the facial nerve, which runs in the sheath of the lingual nerve, 
and is generally regarded as the nerve of taste for the anterior two- thirds ; this nerve is 
derived from the sensory root of the facial (nervus intermedins) ; (3) the lingual branch of 
the glossopharyngeal nerve, which is distributed to the mucous membrane at the base and 
sides of the tongue, and to the vallate papillae, and is the nerve of taste and of general 
sensibility for this region ; (4) the superior laryngeal nerve, which sends some fine branches 
to the part near the epiglottis. 

Applied Anatomy. — Congenital cysts and fistulse may develop from persistent remains 
of thyxoglossal duct (p. 165). 

Q.A. 


2 s2 
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It is the attachment of the Genioglossi to the genial tubercles on the inner surface of the 
symphysis of the mandible which prevents the tongue from falling back and obstructing 
respiration, and, therefore, anaesthetists always pull forward the mandible and so get the 

full benefit of this connexion. mi • ^ ^ ^ r 

A consideration of the lymph vessels of the tongue (p. 856) will indicate the extent of 
the operation necessary for the removal of cancer of the tongue. 


The Oeophabyngeal Isthmus (fig. 1141) 

The aperture by which the mouth communicates with the pharynx is called 
the oropharyngeal isthmus. Above, it is bounded by the soft palate ; below, 
by the dorsum of the tongue ; and, at the sides, by the palatoglossal arches. 

The palatoglossal arch runs downwards, laterally and forwards on each side 
from the inferior surface of the soft palate to the side of the tongue, and is 
formed by the projection of the Palatoglossus (p. 1265) with its covering raucous 
membrane. The approximation of the arches, which helps to shut off the mouth 
from the oral part of the pharynx, plays an important part in the mechanism 
of deglutition (p. 1299). 


The Pharynx (figs. 1147, 1150, 1152) 

The phar 3 nax is the part of the digestive tube which is placed behind the 
nasal cavities, the mouth and the larynx. It is a musculomembranous tube, 
from 12 to 14 cm. long, which extends from the under surface of the skull to the 
sixth cervical vertebra opposite the lower border of the cricoid cartilage. Its 
width is greatest at its uppermost part, where it measures 3-5 cm. ; at the 
junction of the pharynx with the oesophagus it is reduced to about 1 *5 cm. The 
pharynx is limited, above, by the body of the sphenoid bone and the l)asilar 
part of the occipital bone ; below, it is continuous with the oesophagus ; behind, 
it is separated by loose areolar tissue from the cervical portion of the vertebral 
column and the prevertebral fascia covering the Longus cervicis (Longus colli) 
and Longus capitis muscles ; in front, it opens into the nasal cavity, the niouth 
and the larynx, and therefore its anterior wall is incomplete. It is attached 
from above downwards, on each side, to the medial pterygoid plate, pterygo- 
mandibular ligament, mandible, tongue, hyoid bone, and thyroid and cricoid 
cartilages ; laterally, it communicates with the tympanic cavities through the 
pharyngotympanio (auditory) tubes, and is in relation with the styloid processes 
and their muscles, the common and external carotid arteries, and some of the 
branches of the latter artery. The pharynx consists of three parts : nasal, oral 
and laryngeal (fig. 1147). 

The nasal part of the pharynx lies behind the nose and above the level of 
the soft palate. With the exception of the soft palate its walls are immovable, 
and consequently its cavity is never obliterated ; in this respect it differs 
from the oral and laryngeal parts. In front (fig. 1147) it communicates with the 
nasal cavity through the posterior apertures of the nose ; these measure about 
25 mm. vertically, and 12-5 mm. transversely, and are separated by the post- 
erior edge of the nasal septum. Between the free edge of the soft palate and 
the posterior wall of the phar^mx the nasal and oral parts of the pharynx 
commumcate through an opening, termed the pharyngeal isthmus ; in the 
act of swallowing this opening is closed by the elevation of the soft palate and 
the contraction of the Palatopharyngeal sphincter (p. 1298). The lateral wall, 
on each side, presents the pharyngeal opening of the pharyngotympanio {auditory) 
tube, which lies behind and a little below the posterior end of the inferior nasal 
concha. Somewhat triangular in shape, this opening is bounded behind by the 
tubal elevation [torus tubarius], a firm prominence which is provided by the 
underljdng pharyngeal end of the cartilage of the pharyngotympanio tube 
(p. 1199). A vertical fold of mucous membrane, termed the salpingopharyngeal 
fold, stretches from the lower part of the tubal elevation downwards to the wall of 
the phar 3 rax ; it contains the Salpingopharyngeus muscle. A second and smaller 
fold, termed the salpingopalatine fold, stretches from the upper part of the 
elevation to the palate. Behind the tubal elevation the raucous membrane 
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lines a recess of variable depth, termed the pharynged recess. The roof and 
posterior wall form a continuous sloping surface which inclines downwards and 
backwards. It is supported by the posterior part of the body of the sphenoid 
bone, the basilar part of the occipital bone and the anterior arch of the atlas. 
A collection of lymphoid tissue, best developed in children, lies in the mucous 


Fig. 1147. — ^A sagittal section through the nose, mouth, pharynx and larynx. 
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membrane of the upper part of this surface and is known as the msopharyiigeal 
tonsil. 

The nasopharyngeal tonsil is visible to the naked eye during the later months of foetal 
life and usually increases in size up to the age of six or seven years, after which it not infre- 
quently begins to atrophy. In a child of eighteen months it forms a triangular prominence 
the apex of which is near the nasal septum, and the base at the junction of the roof and 
posterior wall of the nasal part of the pharynx. The prominence consists of a number of 
folds which radiate forwards and laterally from a median recess, termed the pharyngeal 
bursa. The folds consist mainly of diffuse lymphoid tissue, but there are also some deeply 
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placed mucous glands. The pharyngeal bursa lies close to the base of the naso-pharyngeal 
tonsil and presents the appearance of a blind recess.* 

The oral part of the pharynx reaches from the soft palate to the upper border 
of the epiglottis. It opens anteriorly, through the oropharyngeal isthmus, into 
the mouth. Its lateral wall presents the palatopharyngeal arch and the tonsil. 
Posteriorly, it is supported by the body of the second cervical vertebra and the 
upper part of the body of the third. 

The palatopharyngeal arch (pharyngopalatine arch) lies behind and projects 
farther towards the median plane than the palatoglossal arch ; it runs down- 
wards, laterally and backwards from the margin of the uvula to the side of the 
pharynx, and is formed by the projection of the Palatopharyngeus (Pharyngo- 
palatinus) (p. 1265), covered with mucous membrane. On each side the palato- 
pharyngeal and palatoglossal arches are separated below by a triangular recess, 
in which the tonsil is lodged. 

The tonsils (palatine tonsils) (fig. 1142) are two masses of lymphoid tissue, 
situated in the lateral walls of the oral part of the pharynx. Each tonsil is 
placed in the triangular recess between the diverging palatoglossal and palato- 
pharyngeal arches. Its medial surface is free and forms a conspicuous pro- 
jection into the pharynx during childhood, but the size of this projection is not 
a true indication of the size of the organ. Its deep, or lateral, aspect extends 
upwards, downwards and forwards beyond the limits of the medial surface and 
is imbedded below the level of the mucous membrane. Interiorly, it extends 
into the dorsum of the tongue ; superiorly, it invades the soft palate ; and, 
anteriorly, it may extend for some distance deep to the palatoglossal arch. The 
tonsil is variable in size and is frequently the seat of inflammatory changes 
involving hypertrophy. As a result it is difficult to decide which of the many 
varieties encountered is to be regarded as normal. In late fmtal life, a free 
fold of mucous membrane, which extends backwards from the palatoglossal 
arch, covers the anterior-inferior part of the tonsil and is termed the plica 
triangularis. In the child this fold is usually invaded by lymphoid tissue and 
becomes incorporated in the tonsil ; it is only rarely present as a small, 
free fold which extends backwards from the lower part of the palatoglossal 
arch. 

The upper part of the tonsil contains a deep intratonsillar clejt, frequently 
and erroneously termed the mpratonsillar fossa. This cleft does not lie above 
the tonsil, but actually in its substance, and its upper wall contains a quantity 
of lymphoid tissue which may reach a large size and extend into the soft 
palate. After puberty the imbedded part of the tonsil diminishes consider- 
ably in size and the projecting medial surface becomes flattened and much less 
prominent. 

The free surface of the tonsil presents from twelve to fifteen orifices leading 
into small recesses, termed the tonsillar pits, from which numerous follicles 
branch out into the tonsillar substance. 

The lateral or deep surface is covered by a layer of fibrous tissue, termed the 
capsule. In most of its extent the tonsil and its capsule can easily be separated 
from the muscular wall of the pharynx, which is formed in this situation by the 
Constrictor pharyngis superior with the Styloglossus on its lateral side* (fig. 
1160). At its antero-inferior part the capsule is firmly connected to the sicle 
of the tongue, and behind this point it receives the insertion of some muscular 
fibres. In the latter situation the tonsillar artery, which is a branch of the 
facial (external maxillary) artery, pierces the Constrictor pharyngis superior 
and at once enters the tonsil, accompanied by two vense comitantes. An im- 
portant, and sometimes large, palatine vein descends from the soft palate 
across the lateral aspect of the capsule of the tonsil before piercing the phar- 
yngeal wall. It is this vessel which is responsible for the excessive venous 
haemorrhage sometimes encountered in excision of the tonsil.f The muscular 
wall of the sinus tonsillaris separates the tonsil from the ascending palatine 
artery and, occasionally, from the facial artery itself (p. 707). The internal 
carotid artery lies 2*5 cm. behind and lateral to the tonsil. 

* J. Symington, British Medical Journal, Oct. 15, 1910. 

t D. Browne, Journal of Anatomy, vol. Ixiii., 1928, 
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The tonsils form part of a circular band of lymphoid tissue which guards 
the opening into the digestive and respiratory tubes. The anterior and lower 
part of the ring is formed by the lingual tonsil ; the lateral portions consist 
of the tonsils and the lymphoid collections in the vicinity of the pharyngo- 
tympanic (auditory) tubes ; the ring is completed behind and above by the 
nasopharyngeal tonsil (p. 1291). Smaller collections of lymphoid tissue are 
found in the intervals between these main masses. 

Structure. — The pits of the tonsil are lined by stratified squamous epithelium, 
which is continuous with that of the mucous membrane of the pharynx, and is invaded 
by numerous lymph-corpuscles ; probably some of the latter pass into the mouth and form 
the so-called salivary corpuscles. The tonsil consists of lymphoid tissue which is arranged 
in nodules or follicles. The lymphocytes are less closely packed in the centre of each nodule, 
which is described as a germ-centre, because multiplication of the corpuscles goes on in this 
situation. A close plexus of lymph vessels surrounds each follicle and from it the lymph 
vessels pass to the upper deep cervical lymph-glands, and especially to the jugulodigastric 
lymph gland (p. 856). 

Vessels and Nerves — The chief artery supplying the tonsil is the tonsillar artery, a 
branch of the facial artery. In addition, it may receive occasional twigs from the dorsalis 


Fro. 1148. — The front of the nasal part of the pharynx, as seen with the 

laryngoscope. 



linguae branches of the lingual artery, the ascending palatine branch of the facial artery, the 
ascending pharyngeal artery, and the greater palatine branch of the (internal) maxillary 
artery. 

One or more veins leave the lower part of the deep aspect of the tonsil and at once pierce 
the superior constrictor muscle to join the pharyngeal or common facial veins. 

The nerves are derived from the sphenopalatine ganglion, through the lesser palatine 
nerves, and from the glossopharyngeal nerve. 

Applied Anatomy , — The tonsils can be inspected easily by instructing the patient to 
throw the head back and open his mouth widely, the tongue at the same time being de- 
pressed by a spatula or tongue-depressor. The normal tonsil should not project beyond the 
plane of the palatoglossal arch. They are prone to become enlarged, especially in tuber- 
culous children ; and when much increased in size they cause great trouble owing to 
obstruction to respiration and deglutition. 

The lax 3 nigeal part of the pharynx reaches from the upper border of the 
epiglottis to the lower border of the cricoid cartilage, where it is continuous with 
the oesophagus. Its anterior wall presents, from above downwards, the inlet 
of the larynx (p. 1233), the posterior surfaces of the arytenoid cartilages and 
the posterior aspect of the cricoid cartilage. A small recess, termed the piriform 
fossa, lies on each side of the laryngeal orifice ; it is bounded, medially, by the 
aryepiglottic fold and, laterally, by the thyroid cartilage and the thyrohyoid 
membrane. Posteriorly the laryngeal part of the pharynx is supported by 
the bodies of the third (lower part), fourth, fifth and sixth (upper part) cervical 
vertebrae. 
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Structure. The pharynx is composed, from within outwards, of three coats ; mucous, 

fibrous and muscular, the last being covered by the thin buccopharyngeal fascia, which 
covers the outer surface of the Constrictor muscles and extends forwards over the pterygo- 
mandibular ligament on to the Buccinator muscle. 

The wmous coat is continuous with that of the pharyngotympanio tubes, nasal cavity, 
month and larynx. In the nasal part of the pharynx its epithelium is columnar and ciliated ; 

Fig. 1149. — The Buccinator and the muscles of the pharynx. 
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m tto oral and laryngeal portions it ia stratified squamous. Between the region covered 
by ciliated columnar epithelium and that covered by squamous epithelium, there is a 

the epitheUum is cubical, and the cilia are imperfect or 
^ septum: laterally it passes over the 

^ ti?f inclines backwards at the union of the soft palate 

^ ^ glands are found beneath the mucous membrane, and are 

t^Sc Pl^tyngo- 

, . ^® sitaated between the mucous and muscular layers. It is thick above 

thStf SioJ'of the muscular fibres are wanting, and is firmly connected to 

the basilar portion of the occipital bone and the petrous portions of the temporal bones. 
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As it descends it diminishes in thickness, and is gradually lost. It is strengthened post- 
eriorly by a strong fibrous band, which is attached above to the pharyngeal tubercle on 
the under surface of the basilar portion of the occipital bone, and passes downwards as a 
median raphe which gives attackment to the Constrictor muscles (fig. 1152). 

The muscular coat consists of the muscles of the pharynx. 

The muscles of the pharynx (figs. 1146, 1149-52) are : 

Constrictor pharyngis inferior. Stylopharyngeus. 

Constrictor pharyngis medius. Salpingopharyngeus. 

Constrictor pharyngis superior. Palatopharyngeus,* 

The Constrictor pharyngis inferior is the thickest of the constrictors. It 
arises from the cricoid cartilage in the interval between the origin of the Crioo- 


Fio. 1150. — ^Median sagittal section of the head, showing a dissection of the 
interior of the phar 3 ?Tix, after the removal of the mucous membrane. 
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In order that the structures might ho displayed satisfactorily, the bodicss of the cervical vertebra? 
wore removed and the cut posterior wall of u\Q pharynx was then drawn backwards and laterally. 

The Falatopharyngeus is drawn backwards to show the upper fibres of the Inferior constrictor, 
and the dorsum of the tongue is drawn forwards to display a part of the Styloglossus in the angular 
interval between the mandibular and the lingual llbres of origin of the Superior constrlctfir. 


thyroid in front, and the articular facet for the inferior horn of the thyroid 
cartilage behind {Gricopharyngeus). It also arises from the oblique line of the 
lamina of the thyroid cartilage, from a strip of the surface of the lamina behind 
this line, from a fine tendinous band, which is thrown across the cricothyroid 
* The Palatopharyngeus is described with the muscles of the palate (p. 1255). 
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muscle from the inferior th57roid tubercle to the cricoid cartilage (fig. 1094), 
and, by a small slip, from the inferior horn (Thyreopharyngeus), The fibres 
spread backwards and medially, and are inserted with the muscle of the opposite 
side into a fibrous raphe in the posterior median line of the pharynx. The 
inferior fibres, which are horizontal, are continuous with the circular fibres of 
the oesophagus and surround the narrowest part of the phar 3 aix ; the rest 
ascend obliquely, and overlap the Middle constrictor. 

Relations. — The Inferior constrictor is covered with the buccopharyngeal fascia, which 
surrounds the entire pharynx. Behind, the muscle is in relation with the prevertebrai fascia 
and muscles ; laterally, with the th3n:oid gland, the common carotid artery, and the 

Fig. 1151. — ^The pharynx, exposed from behind. 
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Sternothyroid ; by its intemal surface, with the Middle constrictor, the St ylopharyngeua, 
the Palatopharyngeus and the pharyngeal aponeurosis. The internal laryngeal nerve and 
the laryngeal branch of the superior thyroid artery run near the up^wsr border, and the 
recurrent laryngeal nerve and the lar3nigeal branch of the inferior thyroid artery ascend 
deep to its lower border, before they enter the larynx. 


The Constn<rtor pharyngis mediiw is a fan-shaped muscle which arises 
from the lesser horn and from the whole length of the upper border of the 
greater torn of the hyoid bone, and from the lower part of the stylohyoid 
hgament. The lower fibres descend deep to the Inferior constrictor, as far 
as he mfermr end of the pharynx, the middle fibres pass transversely, and 
ascend and overlap the Superior constrictor. It is inserted, 
wi h the muscle of the opposite side, into the posterior median fibrous raphe. 


in ooMWotor ^ separated from the Superior constrictor by a smaU 

^ the glossopharyngeal nerve and the Stylopharyngeus muscle ; 
and tom &e IMenor constnotor by the internal laryngeal nerve and laryngeal branch of the 
arte^. JBehind, it is related to the prevertebrai fascia, the Longus cervicis 
^d the Longus capitis. £aiera% it is in relation with the carotid ve^ls, the phan’nge.ri 
plexus of ne^es and some Jjanph glands. Near its origin it is covered with the H vo-do^us 
*>7 the ii^ vessels. Its irUemed surface lies ^on tt^ 
onstnotor, the Stylopharyngeus, the Palatopharyngeus and the pharyngeal aponeurLis. 
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The Constrictor pharyngis superior is a quadrilateral muscle, thinner and 
paler than the other two. It arises from the pterygoid hamulus, and sometimes 
from the adjoining part of the posterior margin of the medial pterygoid plate, 
from the pterygomandibular ligament, from the posterior end of the mylohyoid 
line on the inner surface of the mandible, and by a few fibres from the side of 


Fig. 1152. — The muscles of the pharynx ; posterior view. 
(From Quain’s Anatomy, XI. Ed.) 



the tongue (fig. 1 1 50 ) . The fibres curve backwards to be inserted into the median 
raphe, being also prolonged by means of an aponeurosis to the pharyngeal tubercle 
on the basilar part of the occipital bone. The superior fibres arch beneath the 
Levator palati and the pharyngotympanic (auditory) tube. An interval exists 
between the upper border of the muscle and the base of the skull to give passage 
to the pharyngotympanic (auditory tube). It is bounded in front by the medial 
pterygoid plate and is closed by the pharyngobasilar fascia (p. 1294). 

A constant band of muscle fibres arises from the anterior and lateral part 
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of the palatine aponeurosis and sweeps backwards, lateral to the Levator 
palati, to blend with the inner surface of the Superior constrictor muscle near 
its upper border. Whillis * has termed this band the Palatopharyngeal sphincter 
and has pointed out that, when the soft palate is raised, it produces a rounded 
ridge on the pharyngeal wall. These fibres are much hypertrophied in cases 
of complete cleft palate. 

Relations. — The Superior constriotor muscle is in relation by its external surface with 
the prevertebral fascia and muscles, the ascending pharyngeal artery and pharyngeal 
venous plexus, the glossopharyngeal and Ungual nerves, the Styloglossus, Constrictor 
pharyngis medius and Pterygoideus mediahs, the stylohyoid ligament and the Stylo- 
pharyngeus. The internal carotid artery, the sympathetic trunk, the hypoglossal nerve, 
the internal jugular vein and the styloid process are more distant relations. By its internal 
surface it is in relation with the Palatopharyngeus, the capsule of the tonsil, and the pharyn- 
geal aponeurosis. Its upper border is separated from the base of the skull by a crescentic 
interval in which the Levator palati, the Tensor palati and the pharyngotympanic tube are 
situated. Its lower border is separated from the Middle constrictor by the Stylopharyngeus. 
In front it is separated from the Buccinator by the pterygomandibular ligament. 

Nerve-supply.— The Constrictors of the pharynx are supplied by the 
pharyngeal plexus (p. 1069). In addition the Inferior constrictor receives 
branches from the external and recurrent laryngeal nerves. 

The Stylopharyngeus (figs. 1146, 1151) is a long, slender muscle which is 
cylindrical above and flattened below. It arises from the medial side of the 
base of the styloid process of the temporal bone, descends along the side of the 
pharynx, passes between the Superior and the Middle constrictors, and spreads 
out beneath the mucous membrane. Some of its fibres are lost in the constrictor 
muscles and in the pharyngo-epiglottic fold, while others are inserted with the 
Palatopharyngeus into the posterior border of the thyroid cartilage. The 
glossopharyngeal nerve winds round the lateral side of the Stylopharyngeus 
muscle and passes through the interval between the Superior and the Middle 
constrictors to reach the tongue. 

Nerve-supply. — The Stylopharyngeus is supplied by a branch from the glosso- 
pharyngeal nerve. 

The Salpingopharyngeus (fig. 1118) arises from the inferior part of the 
cartilage of the pharyngotympanic (auditory) tube near its pharyngeal o|)ening ; 
it passes downwards and blends with the Palatopharyngeus. 

Nerve-supply. — The Salpingophar 3 mgeus is supplied by the pharyngeal 
plexus. 

Actions. — The Salpingopharyngeus raises the upper part of the lateral wall 
of the pharynx, i.e. the part above the attachment of the Stylopharyngeus. 

MOVEMENTS OF THE SOFT PALATE 

The movements of the soft palate play an important part in deglutition, 
in speech and in the act of blowing, and involve a greater or I( 3 H.ser <icgrt 3 C of 
closure of the pharyngeal isthmus, necessitated by these acts. Tlui closure is 
maximal in blowing out through the mouth, when it is essential to prevent 
entirely the escape of air through the nose. In deglutition closun^ of tlie 
pharyngeal isthmus prevents the food from passing into the nasal part of the 
pharynx, whilst in speech the closure is maximal in the j)rocluetion of tlie 
explosive consonants. 

Closure of the isthmus is brought about in the following way. The two 
Levatores palati pull the soft palate upwards and backwards towards the pos- 
terior pharyngeal wall. Coincident with this movement the fibres of the Ihilato- 
pharyngeal sphincter raise a rounded ridge on the posterior pharyngeal wall, 
which meets the nasal surface of the soft palate over a considerable area, and 
it is at the upper limit of this area of contact that the mucous membrane on 
the upper surface of the palate changes from the respiratory to the pharyngeal 
type. 

The Tensor palati is active in deglutition rather than in speech, and by 
producing a localised depression of the palate (p. 1265) squeezes the bolus 
against the tongue and so helps to project it through the oral pharynx. 

* J. Whillis, Journal of Anatomy, voL Ixv., 1930. 
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The Mechanism oe Deglutition 

The first stage of the act of swallowing, or deglutition, is voluntary in char- 
acter. The anterior part of the tongue is raised and pressed against the hard 
palate, the movement commencing at the tip of the tongue and spreading back- 
wards rapidly. By this mechanism a bolus placed on the tongue behind the 
tip passes backwards to the posterior part of the mouth. The movements of 
the tongue are effected by the intrinsic muscles, especially the Longitudinales 
superiores and the Trans versi linguse. At the same time the hyoid bone moves 
forwards and upwards a little and becomes fixed owing to contraction of the 
Geniohyoid, Mylohyoid, Digastric and Stylohyoid muscles. By elevation of 
the posterior part of the tongue, which is drawn upwards and backwards by 
the Styloglossi, and by the approximation of the palatoglossal arches, caused 
by the contraction of the Palatoglossi, the bolus is now passed through the 
oropharyngeal isthmus into the oral part of the pharynx and the second, or 
involuntary, stage of the act of swallowing begins. 

In the second stage, the soft palate is elevated (by the Levator muscles) and 
tightened (by the Tensor muscles). In addition it is closely and firmly approx- 
imated to the posterior pharyngeal wall by the contraction of the Palato- 
pharyngeal sphincter (p. 1298) and the upper fibres of the Superior constrictor 
muscle. The phar 3 mgeal isthmus is tightly closed and the bolus is pre- 
vented from passing upwards. At the same time the larynx is drawn upwards 
behind the hyoid bone and the pharynx ascends with it. This upward dis- 
placement is brought about by the Stylopharyngeus, Thyrohyoid and Palato- 
pharyngeus muscles. Simultaneously the aryepiglottic folds are approximated 
and the arytenoid cartilages are drawn upwards and forwards by the contrac- 
tion of the Aryepiglottic, Oblique arytenoid, Thyro-arytenoid and Thyro- 
epiglottic muscles. Provision is thus made to prevent the bolus from entering 
the larjmx. Partly under the influence of gravity — when the body is in the 
erect or sitting posture — and partly urged onwards by the successive contrac- 
tions of the Superior and Middle constrictor muscles, the bolus slips over the 
posterior aspect of the epiglottis, the closed inlet of the larynx and the posterior 
surfaces of the arytenoid cartilages to gain the lowest part of the pharynx. 
During this stage its passage is facilitated by the action of the Palatopharyngei, 
which shorten the pharynx and pull it upwards. These two muscles, when 
contracting, convert the surface of the posterior pharyngeal wall into an inclined 
plane directed downwards and backwards and on its under surface the bolus 
descends. 

The last stage in the act is effected by the Inferior constrictor muscle, which 
passes the bolus onwards into the oesophagus. 

These stages follow one another in rapid succession, but it is not difficult for 
the student to satisfy himself, by palpation of the body of the hyoid bone and 
the laryngeal prominence during the act, that elevation and forward movement 
of the hyoid bone precede elevation of the larynx and that the amount of up- 
ward movement of the thyroid cartilage is considerable. 

Applied Anatomy , — ^In young children the presence of adenoid growths in the nose and 
nasopharynx, with or without enlargement of the tonsils, produces a characteristic de- 
formity of the face, the ** adenoid facies,” by obstructing respiration through the nose and 
making mouth-breathing more or less obligatory. As the child has to keep its mouth open 
in order to breathe, the bony palate and alveolar arch are habitually out of contact with 
the dorsum of the tongue ; lacking its pressure, they develop with an abnormally high arch 
and forward projection. Thus the hard palate becomes narrowed laterally, and the pro- 
jecting alveolar processes afford insufficient room for the permanent teeth, which appear 
crowded, irregularly set, and overhang those in the lower jaw. The facial surfaces of the 
maxillsB become pinched together, with narrowing of the nasal fossae and maxillary air- 
sinuses. The nose itself shows abnormality in shape of two chief types ; (1) The bridge 
remaining normal, the apex looks thin and pinched because the alse fall inwards from disuse 
of the dilator muscles, and the nares become elongated, narrow, and barely capable of 
voluntary dilatation ; there is often a depression in the region of the lateral alar cartilage. 
(2) Less commonly the bones forming the bridge of the nose are pressed apart by the 
underlying adenoid growths, making it appear thicker and broader than normal ; the 
dilators of the nares atrophy from efisuse, and the nares look unduly small and rounded. 
In all cases of adenoids the upper lip is drawn up, still further exposing the projecting 
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front upper teeth. The face is lengthened by dropping of the lower jaw ; the whole 
expression of the child is highly characteristic, suggesting vacuity and inattention, the 
latter being due to the deafness so often associated with nasal obstruction and caused by 
blocking of the pharyngeal openings of the pharyngotympanic tubes. 


The (Esophagits (fig. 1153). (PI. XIV.) 


The oesophagus, or gullet, is a muscular canal, from 23 cm. to 25 cm. long, 
extending from the pharynx to the stomach. It begins in the neck at the lower 

border of the cricoid cartilage, 


Fio. 1163. — ^The oesophagus. 



opposite the sixth cervical 
vertebra, where it is continuous 
with the lower end of the 
pharynx. It descends along the 
front of the vertebral column, 
through the superior and post- 
erior parts of the mediastinum, 
pierces the Diaphragm opposite 
the tenth thoracic vertebra, and 
ends at the cardiac orifice of 
the stomach at the level of the 
eleventh thoracic vertebra . The 
general direction of the oeso- 
phagus is vertical ; but it pre- 
sents two slight curves in its 
course. At its commencement 
it is placed in the median plane ; 
but it inclines to the loft side as 
far as the root of the neck, 
gradually passes again to the 
median plane, which it roaches 
at the level of the fifth thoracic 
vertebra, and again deviates to 
the left as it passes forwards to 
the oesophageal opening in the 
Diaphragm. The oesophagus 
presents also anteroposterior 
flexures corresponding to the 
curvatures of the cervical and 
thoracic portions of the vert- 
ebral column. It is the narrowest 
part of the digestive tube, arul 
is constricted (a) at its com- 
mencement, (6) where it is 
crossed by the left bronchus, 
and (c) where it pierces the 
Diaphragm. 

Relations. — The cervical part 
of the oesophagus (fig. 1098) is 
in relation, in front, with the 
trachea, and at the lower psirt 
of the neck, where it projects 
to the left side, with the left 
lobe of the thyroid gland ; 6c- 
hiJid, it lies on the vertebral 


column and Longus cervicis 
muscles ; laierally, it is in relation with the common carotid arteries (especially 
the left), and with parts of the lobes of the thyroid gland ; the recurrent laryn- 
geal nerves ascend, one on each side, in the groove between it and the trachea ; 
the thoracic duct ascends for a short distance along its left edge. 

The thoracic part of the oesophagus (figs. 1098-99, 1106-07; 1110, 1153) is 
at first situated in the superior mediastinum between the trachea and the 
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THE (ESOPHAGUS 

vertebral column, a little to the left of the median plane. It passes behind and 
to the right of the aortic arch and descends in the posterior mediastinum along 
the right side of the descending thoracic aorta. Below, as it inclines to the left, 
it crosses in front of the aorta, and enters the abdomen through the Diaphragm 
at the level of the tenth thoracic vertebra. It is in relation, in front, with the 
trachea, the left bronchus, the pericardium, and the Diaphragm ; behind, it 
rests upon the vertebral column, the Longus cervicis muscles, the right post- 
erior (aortic) intercostal arteries, the thoracic duct, the azygos vein and the 
terminal parts of the hemiazygos veins ; and below, near the Diaphragm, 
upon the front of the aorta. In the posterior mediastinum an elongated recess 
of the right pleural sac intervenes between the oesophagus and the vena azygos 
and vertebral column. On its 
left side, in the superior medi- 
astinum the terminal part of 
the aortic arch, the left sub- 
clavian artery, the thoracic 
duct, and left pleura are im- 
mediate relations, while the left 
recurrent laryngeal nerve runs 
upwards in the groove between 
it and the trachea ; in the post- 
erior mediastinum it is in re- 
lation with the descending 
thoracic aorta and the left 
pleura. On its right side it is 
related to the right pleura, the 
azygos vein intervening as it 
arches forwards above the right 
bronchus to join the superior 
vena cava. Below the roots of 
the lungs the vagus nerves de- 
scend in close contact with it, 
the right nerve chiefly behind, 
and the left chiefly in front of 
it ; the two nerves unite to 
form a plexus around the tube 
(p. 1071). 

In the lower part of the 
posterior mediastinum the thor- 
acic duct lies behind and to the 
right of the oesophagus ; higher 
up, it is placed behind it, and 
crossing to the left about the level of the fourth thoracic vertebra, is continued 
upwards on its left side. 

The abdominal part of the oesophagus lies in the oesophageal groove on the 
posterior surface of the left lobe of the liver. It measures about 1*25 ctn. in 
length, and is covered with peritoneum in front and on its left side. It is 
conical in shape, and curved sharply to the left, the base of the cone being 
continuous with the cardiac orifice of the stomach (fig. 1153). 

Structure (fig. 1 154). — The oesophagus has four coats : an external or fibrous, a muscular, 
a submucous or areolar, and an internal or raucous. 

'Hhe fibrous coat consists of a layer of areolar tissue, containing many elastic fibres. 

The muscular coat is composed of two layers of considerable thickness : an extcjrnal of 
longitudinal and an internal of circular fibres. 

The longitudinal fibres form a complete investment for nearly the whole of the oeso- 
phagus, but at the upper part of the back of the tube, at a point between 3 cm. and 4 cm. 
below the cricoid cartilage, they diverge from the median plane and form two longitudinal 
fasciculi which incline upwards and forwards to the front of the tube. Here they pass 
deep to the lower border of the Constrictor pharyngis inferior and end in a tendon which is 
attached to the upper part of the ridge on the posterior surface of the lamina of the cricoid 
cartilage (fig. 1095). The V-shaped interval between the diverging longitudinal fasciculi is 
filled by the circular fibres of the oesophagus, thinly covered below by some decussating longi- 
tudinal fibres, and above by the overlapping lower edge of the Constrictor pharyngis inferior. 


Fig. 1154. — Longitudinal section through the 
upper part of the oesophagus. 
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Accessory slips of muscular fibres sometimes pass between the oesophagus and the left 
pleura, or between the oesophagus and the root of the left bronchus. . i. t. ^ 

The circular fibres are continuous superiorly, on the posterior surface, with the Con- 
strictor pharyngis inferior ; anteriorly, the uppermost are inserted into the lateral margins 
of the tendon of the two longitudinal fasciculi.* 

The muscular fibres in the upper part of the oesophagus are of a red colour, and con- 
sist chiefly of the striped variety ; but in the lower part they consist for the most part of 
involuntary fibres. 

The areolar or submucous coat connects loosely the mucous and muscular coats. It 
contains the larger blood-vessels and nerves, as well as mucous glands. 

The mucous coat is thick, of a reddish colour above, and pale below. It is disposed in 
longitudinal folds (PL XIV), which disappear on^ distension of the tube. It consists of 
(1) a layer of stratified squamous epithelium, lining the tube, (2) a layer of connective 
tissue, papillae from which project into the epithelium, and (3) the musoularis mucosae, a 
layer of longitudinally arranged non-striped muscular fibres. At the commencement of 
the oesophagus the muscularis mucosae is absent, or only represented by a few scattered 
bundles ; lower down it forms a considerable stratum.. 

The oesophageal glands are small, compound racemose glands of the mucous type ; they 
are lodged in the submucous tissue, and each opens into the tube by a long duct. 

Vessels and Nerves. — ^The arteries supplying the oesophagus are derived from the inferior 
thyroid branch of the thyrocervical trunk, from the descending thoracic aorta, from the 
left gastric branch of the coeliac artery, and from the left (inferior) phrenic branch of the 
abdominal aorta. They have for the most part a longitudinal direction. The veins from 
the lower end of the oesophagus open into the left gastric vein, which is a tributary of the 
portal vein ; those from the upper part join the azygos or the hemiazygos veins. The 
lymph vessels are described on p. 879. 

The nerves are derived from the vagus nerves and from the sympathetic trunlvs ; they 
form a plexus containing groups of ganglion-cells between the two layers of the muscular 
coat, and a second plexus in the submucous tissue. 

Applied Anatomy, — The oesophagus may be obstructed by foreign bodies, and also by 
changes in its coats producing stricture, or by pressure on it from without by now growths 
or aneurysm, etc. 

The mucous membrane of the oesophagus may become herniated through the muscular 
coat, giving rise to an oesophageal diverticulum. This condition occurs most frequently on 
the posterior surface of the beginning of the tube, where the wall is weakened by tho absence 
of longitudinal muscle fibres {vide supra). 


THE ABDOMEN 

The abdomen is the largest cavity in the body. The roof of tlie cavity is 
formed by the Diaphragm, which extends as a dome over tho abdomen, so 
that the cavity ascends into the bony thorax, reaching on tlie right side, in 
the mammary line, to the upper border of the fifth rib ; on tiie left sid<^ it falls 
below this level by about 2*5 cm. The floor is formed by the muscles and fascim 
of the pelvic diaphragm (pp. 573 to 576). 

In order to facilitate description the abdomen is artificially dividcni into 
two parts : an upper, larger part, the abdomen proper ; and a lower, smaller 
part, the pelvis. These two parts are continuous with each other through 
the inlet of the true (lesser) pelvis. 

The abdomen proper differs from the other cavities of the body in hfdng 
bounded for the most part by muscles andfascise, so that its capacity and sliaj>e 
can vary according to the conditions of the viscera which it contains. 

It is bounded in front and at the sides by the abdominal and liiacus muscles, 
and the iliac bones ; behind^ by the lumbar part of the vertebral column and 
by the Psoas and Quadratus lumborum muscles ; above^ by the Diaphragm ; 
beloWy by the plane of the inlet of the true pelvis. The muscles forming the 
boundaries of the cavity are lined upon their inner surfaces by a layer of fascia. 

The abdomen contains the greater part of the digestive tube ; it also con- 
tains the liver, pancreas, spleen, kidneys and suprarenal glands. Most of these 
structures, as well as the wall of the cavity in which they are contained, are 
more or less covered by an extensive and complicated serous membrane, termed 
the peritoneum. 

* Williaruina Abel, J oumal of Anaiomy and Physiology^ vol. xlvii. 
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Regions. — For convenience of description of the viscera the abdomen is 
divided into nine regions by imaginary planes, two horizontal and two sagittal, 
passing through the cavity, the edges of the planes being indicated by lines 
drawn on the surface of the body (fig. 1156). The upper horizontal plane, or 
transpyloric plane (of Addison), is indioated by a line encircling the body at a 

Fig. 1155. — A front view of the thoracic and abdominal viscera. 



level midway between the suprasternal (jugular) notch and the symphysis 
pubis ; it cuts the front of the body of the first lumbar vertebra near its lower 
border. The lower horizontal plane is indioated by a line carried round the 
trunk at the level of the tubercle on the iliac crest (p. 368) and is termed the 
traTistubeTcular plane ; it cuts the front of the body of the fifth lumbar vertebra 
near its upper border. By means of these planes the abdomen is cut into three 
zones ; each of these is further subdivided into three regions by the right and 
left lateral planes, which are indicated on the surface by lines drawn vertically 
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through points halfway between the anterior superior iliac spines and the 

*'^^”^Jme^an region of the upper zone is the epigastric, and the lateral regions, 
the right and left hypochondriac. The median region of the middlejzone is the 
umbilical, and the lateral regions are the right and left lumbar. 


The median 


Fi». 1166. — The surface lines on the front of the thorax and abdomen. 



region of the lower zone is the hypogastric, and the lateral regions are the right 
and left iliac or inguirial (fig. 1156), 

A third horizontal plane is frequently utilised in describing the topograj)hy 
of the abdominal viscera. It is drawn through the body on a level with the 
most dependent parts of the tenth costal cartilages and is termed the subcostal 
plaTie. It cuts the front of the body of the third lumbar vertebra near its up|,K.T 
border. It is frequently utilised instead of the transpyloric plane for the f>urpOHc 
of dividing the abdomen into the regions named above. 

The pelvis is that portion of the abdominal cavity which lies below and 
behind a plane passing through the promontory of the sacrum, the arcuate 

* D. J . Cunningham, J oumal of AnatOTwy and Physiology, vols, xxxiii., xxxiv*, xxxv. 
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lines of the hip-bones, and the pubic crest ; it contains the urinary bladder, 
the pelvic colon, the rectum, a few coils of the small intestine, and some of the 
generative organs. 

When the anterior abdominal waU is removed (fig. 1155), the viscera are partly 
exposed as follows : above and to the right side the liver is visible, situated chiefly 
under the shelter of the right ribs and their cartilages, but extending across the 
median plane, and reaching for some distance below the level of the xiphoid pro- 
cess. The stomach is exposed in the angle between the left costal margin and 
the lower border of the liver. From its lower border an apron-like fold of 
peritoneum, termed the greater omentum, descends for a varying distance, and 
obscures the other viscera to a greater or lesser extent. Below the greater 
omentum, however, some of the coils of the small intestine can generally be 
seen, while in the right iliac region the caecum, and in the left iliac region the 
lower portion of the descending colon, are partly exposed. The urinary bladder 
occupies the anterior part of the pelvis, and, if distended, projects above the 
symphysis pubis ; the rectum is placed in the concavity of the sacrum, but 
is usually hidden by coils of the small intestine. The pelvic colon may lie 
between the rectum and the bladder. 

When the stomach is followed from left to right it is seen to be continuous 
with the first part of the small intestine [duodenum], the point of continuity 
being marked by a thickened ring, which indicates the position of the pyloric 
sphincter. The duodenum passes towards the under surface of the liver, and 
then, curving downwards, is lost to sight. If, however, the greater omentum 
and transverse colon be thrown upwards over the chest, the inferior part of 
the duodenum can be traced across the vertebral column towards the left 
side, where it becomes continuous with the coils of the jejunum and ileum. 
These measure about six metres in length, and if followed downwards the ileum 
is seen to end in the right iliac fossa by opening into the caecum, which is the 
commencement of the large intestine. From the caicum the large intestine 
takes an arched course, passing at first upwards on the right side, then across 
the median plane, and then downwards on the left side, forming respectively the 
ascending, transverse, and descending parts of the colon. In the pelvis it 
assumes the form of a loop, termed the pelvic colon, and ends in the rectum. 

The spleen lies behind the stomach in the left hypochondriac region, and 
may be exposed in part by pulling the stomach over towards the right 
side. 

The glistening appearance of the deep surface of the abdominal wall and 
of the surfaces of the exposed viscera is due to the fact that the former is lined, 
and the latter are more or less completely covered, with a serous membrane, 
termed the peritoneum. 


The Pekitoneum 

The peritoneum is the largest serous membrane in the body, and consists, 
in the male, of a closed sac, a part of which lines the abdominal parietes, while 
the remainder is reflected over the contained viscera. In the female the free 
ends of the uterine tubes open into the peritoneal cavity. The portion which 
lines the parietes is named the parietal portion of the peritoneum ; that which 
is reflected over the contained viscera constitutes the visceral portion of the 
peritoneum. The/rce surface of the membrane is smooth, covered with a layer 
of flattened endothelium, and lubricated by a small quantity of serous fluid. 
Hence the viscera can glide on the waU of the cavity or on one another with the 
least possible amount of friction. The attached surface is rough, being connected 
to the viscera and inner surface of the parietes by means of areolar tissue, 
termed the extraperitoneal tissue. The parietal portion is loosely connected 
with the fascial lining of the abdomen and pelvis, but is more closely adherent 
to the under surface of the Diaphragm and to the linea alba. 

The parietal and visceral layers of the peritoneum are in actual contact, 
but the potential space between them is named the peritoneal cavity. The 
peritoneal cavity consists of (1) a main portion, termed the greater sac, and 
(2) a large diverticulum, termed the lesser sac (omental bursa), which is situated 
behind the stomach and adjoining structures ; the neck or communication 
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botwoon tb6 great©! sac and the lesser sac is termed the adittib of tliQ 1&S6 ct sclc 

(epiploic foramen). r i i . 

The peritoneum differs from the other serous membranes ot the body m 
presenting a much more complex arrangement, and one that can only be 
clearly understood by following the development of the digestive tube (pp. 168- 
177). 

To trace the membrane from one viscus to another, and from the viscera 
to the parietes, it is necessary to follow its continuity in the vertical and hori- 
zontal directions, and it is simpler to describe the greater sac and the lesser sac 
separately. 

Vertical disposition of the greater sac (fig. 1160). — It is convenient to trace 
this from the back of the anterior abdominal wall at the level of the umbilicus. 
On following the peritoneum upwards from this level it is seen to be reflected 
around a fibrous cord, termed the Ugamentum teres, or obliterated umbilical 
vein, which reaches from the umbilicus to the under surface of the liver. This 
reflection forms a somewhat triangular fold, which is known as the falciform 
ligament of the liver, and attaches the upper and anterior surfaces of the liver 
to the Diaphragm and abdominal wall. With the exception of the line of 
attachment of this ligament the peritoneum covers the whole of the under 
surface of the anterior part of the Diaphragm, and is reflected from it on to the 
upper surface of the right lobe of the liver as the swperior layer of the coronary 
ligament, and on to the upper surface of the left lobe as the mperior layer of the 
left triangular ligament of the liver. From the upper and anterior surfaces 
of the liver, it is continued round the sharp margin of the liver to the under 
surface, where it has the following relations ; {a) To the right of the gall-bladder. 
It covers the inferior surface of the right lobe and is reflected from the posterior 
part of this lobe to the right suprarenal gland and the upper end of the right 
kidney, forming the inferior layer of the coronary ligament ; a special fold, 
termed the hepatorenal ligament, is frequently present between the inferior 
surface of the liver and the front of the right kidney. From the right kidney 
it is carried downwards to the duodenum and right colic flexure (fig. 1161), and 
medially in front of a short segment of the inferior vena cava, where it is con- 
tinuous with the posterior wall of the lesser sac (fig. 1161). Between the two 
layers of the coronary ligament there is a large, triangular, surface on the 
back of the liver devoid of peritoneal covering : this is soinotinies named the 
bare area of the liver, and is attached to the Diaphragm by art^olar tissue. To- 
wards the right margin of the liver the two layers of the coronary ligament 
gradually approach each other, and ultimately fuse to form a small triangular 
fold connecting the right lobe of the liver to the Diaphragm, and named the 
right triangular ligament of the liver (fig. 1202). The apex of the bare area 
corresponds with the point of meeting of the two layers of the coronary liga- 
ment, its base with the groove for the inferior vena cava, {b) To the left of the 
gall-bladder. It covers the lower surface of the quadrate lobe of the liver, the 
under and lateral surfaces of the gall-bladder, and the under surface and post- 
erior border of the left lobe of the liver ; it is then reflected from the upper 
surface of the left lobe to the Diaphragm as the inferior layer of the left triangular 
ligament. The line of reflection next passes down in the deepest part of the 
fissure for the ligamentum venosum (figs. 1160 and 120^^), and curves to the 
right along the anterior margin of the porta hepatis. At the right extremity 
of the latter it becomes continuous with the peritoneum of the lessor sac and 
will he considered later. From this J -shaped line the peritoneum passes to 
the lesser curvature of the stomach and the first 2 cm., or less, of the dnodemun 
as the anterior layer of the hepatogastric and hepatoduodenal ligaments, which 
together constitute the lesser omentum. If this layer of the lesser omentum be 
followed to the right it will be found to turn round the hepatic artery, bile-duct, 
and portal vein, and become continuous with the anterior wall of the lesser sac, 
forming a free folded edge of peritoneum. Traced downwards, the anterior 
layer of the lesser omentum covers the anterosuperior surface of the stomach 
and the commencement of the duodenum, and is carried down beyond them into 
a large free fold, known as the greater omentum. Reaching the lower free margin 
of this fold, it is reflected upwards to cover the under and posterior surfaces of 
the transverse colon, and thence to the posterior abdominal wall as the inferior 
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layer of the transverse mesocolon. It reaches the abdominal wall at the head and 
anterior border of the pancreas (fig. 1160), is then carried down over the lower 
part of the head and over the inferior surface of the pancreas on the superior 
mesenteric vessels, and thence to the small intestine as the anterior layer of 
the mesentery. It encircles the intestine, and subsequently may be traced, as 
the posterior layer of the mesentery, upwards and backwards to the abdominal 
wall. From this it sweeps down over the aorta into the pelvis, where it invests 
the pelvic colon, and attaches it to the pelvic wall by a fold named the pehic 
mesocolon. Leaving first the sides and then the front of the rectum, it is reflected 


Pig. 1157. — The lower part of the anterior abdominal wall of a male 
subject. Posterior surface. The peritoneum is in place. 
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on to the upper ends of the seminal vesicles and the fundus of the urinary 
bladder, and after covering the upper surface of that viscus, is carried along 
the median and lateral umbilical ligaments (fig. 1157) on to the back of the 
abdominal wall to the level from which a start was made. 

Between the rectum and the bladder it forms, in the male, a pouch, termed 
the rectovesical pouch, the bottom of which is slightly below the level of the 
upper ends of the seminal vesicles, and about 7*5 cm. from the orifice of the 
anus. When the bladder is distended, the peritoneum is carried up with it so , 
that a considerable part of the anterior surface of the bladder lies directly against 
the abdominal wall without the intervention of peritoneal membrane (p. 1372). 
In the female, the peritoneum is reflected from the rectum over the posterior 
vaginal fornix to the cervix and body of the uterus, forming the recto-uterine 
pouch. It is continued over the intestinal surface and fundus of the uterus on 
to its vesical surface, which it covers as far as the junction of the body and neck 
of the uterus, and then to the bladder, forming here a second, but shallower, 
pouch, termed the utero-vesical pouch. It is also reflected from the side of the 
uterus to the lateral wall of the pelvis, on each side, as an expanded fold, termed 
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the broad ligament of the uterus ^ which contains the uterine tube in its free 
margin. 

Horizontal disposition of the greater sac. — Below the transverse colon the 
arrangement is simple, and it may be considered in the two regions, viz. in the 

pelvis and in the abdomen proper. , , , r ^ , 

(1) In the pelvis. — The peritoneum here follows closely the suriaces or the 
pelvic viscera and the inequalities of the pelvic walls, and presents important 
differences in the two sexes, {a) In the male (fig. 1158) it encircles the pelvic 
colon, from which it. is reflected to the posterior wall of the pelvis as a fold, 
termed the pelvic mesocolon. It leaves the sides and, finally, the front of the 
rectum, and is continued over the upper parts of the seminal vesicles to the 
upper surface of the bladder ; on each side of the rectum it forms a pararectal 


Fiq. 1158.— The peritoneum of the male pelvis. (Dixon and Birmingham.) 



fossa, which varies in size with the distension of the rectum. In fnmt of the 
rectum the peritoneum forms the rectovesical pouch, which is limited laterally 
by peritoneal folds extending from the sides of the bladder to tlie rectum and 
sacrum. These folds are known, from their position, as the sacrogeniial folds. 
The peritoneum of the anterior pelvic wall covers the superior surface of the 
bladder, and on each side of this viscus forms a depression, tenned the ^>am- 
vesical fossa, which is limited laterally by the fold of jHjritoneum t*(>vering the 
vas deferens. The size of this fossa is dependent on the state of distension of 
the bladder, and when the bladder is empty, a variable fold of |H»ritoneum, 
termed the plica vesicalis transversa, divides the fossa into two portions. On 
the peritoneum between the paravesical and pararectal fossae the only eIe\'utionH 
are those produced by the ureters and the internal iliac (hypogastric) vesseis. 
(b) In the female, pararectal and paravesical fossae similar to those in the male 
are present ; the lateral limit of the paravesical fossa is the peritoneum invest- 
ing the round ligament of the uterus. The rectovesical pouch is, however, 
divided by the uterus and vagina into a small, anterior utero- vesical and a 
deep, posterior, recto-uterine pouch (fig. 1245). The sacrogenital folds form the 
margins of the latter, and are continued on to the back of the uterus and the 
posterior fornix of the vagina as a transverse fold. The broad ligaments extend 
from the sides of the uterus to the lateral walls of the pelvis ; the uterine tubes 
are contained in their free margins, and the ovaries are attached to their 
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posterior layers. Below, the broad ligaments are continuons with the periton- 
eum on the lateral walls of the pelvis. In the angle between the elevations 
produced by the obliterated umbilical artery and the ureter on the lateral 
pelvic wall, there is a shallow fossa, known as the ovarian fossa, in which the 
ovary lies in the nulliparous female. It is situated behind the lateral attach- 
ment of the broad ligament. 

(2) In the lower abdomen. — The peritoneum lining the lower part of the 
anterior abdominal wall is raised into five ridges or folds which converge as they 
pass upwards. One of these is placed in the median plane and extends from 
the apex of the urinary bladder to the umbilicus. It contains the urachus 
(p. 194) and is termed the median umbilical fold. To the lateral side the obliter- 
ated umbilical artery forms the lateral umbilical fold, as it ascends from the 
pelvis towards the umbilicus. The depression between the two umbilical folds 
is termed the supravesical fossa. Further to the lateral side, the inferior 
epigastric artery raises a fold below the point at which it enters the sheath of the 
Rectus muscle. The medial inguinal fossa is, the depression situated between 
the epigastric and the lateral umbilical folds ; the lateral inguinal fossa, which 
overlies the deep inguinal ring, lies to the lateral side of the epigastric 
fold. A fourth depression is placed below and slightly medial to the lateral 
inguinal fossa and is separated from it by the medial end of the inguinal liga- 
ment. It overlies the femoral ring (p. 785) and is termed thB femoral fossa. 

Traced from the linea alba, below the level of the transverse colon, and fol- 
lowed in a horizontal direction to the right, the peritoneum covers the inner 
surface of the abdominal wall almost as far as the lateral border of the Quadratus 
lumborum ; it encloses the csecum and vermiform appendix, and is reflected over 
the sides and front of the ascending colon ; it may then be traced over the 
duodenum, Psoas major, and inferior vena cava towards the median plane, 
whence it passes along the mesenteric vessels to invest the small intestine, and 
back again to the large vessels in front of the vertebral column, forming the 
mesentery (figs. 1160 and 1161), the layers of which enclose the jejumim, ileum, 
the mesenteric blood-vessels, nerves, lacteals and lymph glands. It is then 
continued over the left Psoas major ; it covers the sides and front of the 
descending colon, and, reaching the abdominal wall, is carried on it to the 
median plane. 

(3) In the upper abdomen (fig. 1162).^ — ^Above the transverse colon, the 
peritoneum on the posterior abdominal wall at the inferior vena cava may bo 
followed to the right over the front of the right suprarenal gland and upper 
part of the right kidney to the anterolateral abdominal wall. Prom the anterior 
median line a double fold passes backwards and to the right, to become con- 
tinuous with the peritoneum investing the liver, and forms the falciform liga- 
ment. Continuing to the left, the peritoneum lines the anterolateral abdominal 
wall and covers the lateral part of the front of the left kidney, and is reflected 
to the posterior border of the hilum of the spleen as the posterior or lateral 
layer of the lienorenal ligament (fig, 1162). It can be traced over the surfaces 
of the spleen to the front of the hilum, and thence to the cardiac end of the 
greater curvature of the stomach as the left layer of the gastrosplenic ligament. 
It covers the anterosuperior surface of the stomach and commencement of the 
duodenum, and ascends from the lesser curvature of the stomach to the liver 
as the anterior layer of the lesser omentum. 

The lesser sac of peritoneum (omental bursa). — The lesser sac is a large recess 
of irregular outline which lies behind the stomach and extends beyond its limits. 
Its anterior and posterior walls are extensive and they are limited by variable 
lower, right, left and upper borders. The recess is completely shut off from the 
greater sac except in the upper part of its right border where a free communica- 
tion is established through a slit-like opening. In its upper part the posterior 
wall of the lesser sac is formed by a single layer of peritoneum, closely applied 
to the posterior abdominal wall (fig. 1160), but below the pancreas, the sac is 
carried into the interior of the greater omentum and its posterior wall is formed 
by the posterior two layers of that structure and the transverse mesocolon 

(4 1164 

The aditus to the lesser sac (epiploic foramen) is a short, slit-like passage 
which leads out from the upper part of the right border of the lesser sac into 
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the greater sac. Its anterior loall is formed by the right margin of the lesser 
omentum, which contains between its two layers in this situation the bile-duct, 
the portal vein and the hepatic artery (fig. 1162). Traced upwards, the two 
layers separate and the posterior layer covers the caudate process, forming the 
roo/of the aditus (fig. 1164), and then descends in front of the inferior vena cava, 
forming th.6 posterioT wdll of the aditus. At, or a little below, the upper border of 
the first part of the duodenum, this layer passes forwards to become continuous 
with the posterior layer of the lesser omentum, and in this situation, it iornis the 
floor of the aditus. The medial end of the floor * is continuous with the right 
border of the lower part of the sac (fig. 1161), and it is by passing forwards below 
the medial end of the floor that the hepatic artery is able to insinuate itself 
between the two layers of the lesser omentum. Traced laterally, i,e. to the 
right, all the boundaries of the aditus to the lesser sac become continuous with 
peritoneum of the greater sac. The roof is continuous with the peritoneal 
covering of the inferior surface of the right lobe of the liver (fig. 1203) ; the 
posterior wall with the peritoneum on the right suprarenal gland (fig, 1161) ; 
the anterior wall with the anterior layer of the lesser omentum round the bile- 

Tig. 1159. — The superior and inferior duodenal recess. (After Jonnesco.) From 
Poirier and Charpy’s Traiti SAnatomie humaine. (Masson et Cie.) 
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duct (fig. 1162) ; the floor with the peritoneum covering the lower part of the 
right suprarenal gland and the adjacent parts of the duodenum and right kidziey. 

The lesser sac of peritoneum (omental bursa) and its boundaries can now be 
considered in detail. The anterior wall is formed (1) by the peritoneum which 
covers the postero-inferior aspect of the stomach and the first 2 cm., or less, of 
the duodenum. Traced downwards this layer becomes the posterior of the 
anterior two layers of (2) the greater omentum ; traced upwards and to the 
right, it leaves the stomach along the lesser curvature and the duodenum at its 
upper border, and becomes the posterior layer of (3) the lesser omentum. The 
lesser sac is usually described as passing upwards behind the caudate lobe of the 
liver, but this description is scarcely accurate, for the caudate lobe projects into 
the bursa from its right border and is covered by peritoneum on its anterior as 
well as on its posterior surface (fig. 1160). 

The posterior wall is formed by the anterior of the posterior two layers of 
the greater omentum (when its constituent layers are not fused with one aiiothcr), 
the peritoneum on the anterior aspect of the transverse colon, and the upper 
layer of the transverse mesocolon (fig. 1160). Above the inferior border of the 
pancreas, the posterior wall of the omental bursa lines the posterior abdoxiiinal 
wall, covering a small part of the front of the head, and the whole of the front 
of the neck and body of the pancreas, a small part of the anterior aspect of the 
left kidney and most of the anterior aspect of the left suprarenal gland, the 

* In the B.N.A. the medial part of the aditus to the lesser sac is termed the vestibuhs of 
the omental bursa. 



Fig. 1160. — A sagittal section through the abdomen, approximately in the 
median plane. Diagrammatic. 
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Fig. 1161.— The posterior abdominal wall, showing the lines of peritoneal 
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commencement of the abdominal aorta and the coeliac artery, and a consider- 
able area of the Diaphragm. In addition, the (inferior) phrenic, the splenic, 
the left gastric and, to a much smaller extent, the hepatic arteries course 
behind the lesser sac (figs. 1161 and 1162). 

The borders of the lesser sac of peritoneum are formed by the lines along 
which the peritoneal posterior wall is reflected to become continuous with the 
peritoneal anterior wall, and they are subject to considerable variation. The 
lower border is, developmentally (p. 177), the lower border of the greater omen- 
tum, but partial fusion of the constituent layers of this fold makes the border 
very irregular in the adult, and, as a rule, it does not extend much below the 
transverse colon. The upper border of the lesser sac is narrow and extends 
between the right side of the oesophagus and the upper end of the fissure for the 
ligamentum venosum of the liver. In this interval the peritoneal posterior wall 
of the sac is reflected forwards from the Diaphragm and becomes continuous 
with the posterior layer of the lesser omentum. 

The right border of the lesser sac corresponds below to the right free border 
of the greater omentum. Above the upper end of the latter it is formed by the 
reflexion of the peritoneum from the neck and head of the pancreas on to the 
posterior surface of the duodenum (fig. 1163). The line of this reflexion passes 
upwards and to the left along the medial side of the gastroduodenal artery. 
Near the upper border of the duodenum the right border becomes continuous 
with the floor of the aditus to the lesser sac round the hepatic artery (fig. 1161). 
Above the opening, which interrupts its continuity, the right border is formed 
by the reflexion of the peritoneum from the Diaphragm to the right margin of 
the caudate lobe of the liver and it follows the left edge of the inferior vena 
cava (fig. 1161). 

The left border of the lesser sac is formed, below, by the left free margin of the 
greater omentum. Above the root of the transverse mesocolon (fig. 1161) the 
left border is broader. It is formed by the lienorenal and the gastrosplenic liga- 
ments, which together represent a part of the original dorsal mesogastrium 
(p. 168). The lienorenal ligament extends from the front of the left kidney to 
the hilum of the spleen as a two-layered fold, in which the splenic vessels and 
the tail of the pancreas (figs. 1161 and 1162) are enclosed. From the hilum of 
the spleen these two layers are continued forwards to the greater curvature of 
the stomach as the gastrosplenic ligament. There is no breach in the continuity 
of the inner layer (fig. 1162), but the continuity of the outer layer is interrupted 
by the spleen, which projects it into the greater sac. At their upper ends the 
lienorenal and the gastrosplenic ligaments merge into a short fold, termed the 
gastrophrenic ligament, which passes from the Diaphragm, behind, to the post- 
erior aspect of the fundus of the stomach, in front. The two layers of this 
ligament diverge as they approach the oesophagus and a part of the posterior 
surface of the stomach is left devoid of peritoneal covering (fig. 1161). In this 
situation the upper end of iihe left border becomes continuous with the left 
extremity of the roof and the left gastric artery turns forwards to gain the lesser 
omentum. 

The interior of the lesser sac is encroached on by two, more or less sickle- 
shaped, folds of peritoneum which are drawn into the sac by the hepatic and left 
gastric arteries. The upper or left gastropancreatic fold is formed by the left 
gastric artery as it passes from the posterior abdominal wall to reach the lesser 
curvature of the stomach ; the lower or right gastropancreatic fold is formed by 
the hepatic artery as it passes forwards from the posterior abdominal wall to 
gain the lesser omentum. The folds show considerable variation in their depths 
but, when well marked, they constrict the lesser sac and enclose a foramen which 
is sometimes called the foramen bursae omenti majoris. The superior recess of the 
lesser sac lies above the foramen and communicates through it with the inferior 
recess, which represents the true bursa omenti majoris of the embryo (p. 174). 

During a considerable part of foetal life the transverse colon is suspended 
from the posterior abdominal wall by a mesentery of its own, the posterior two 
layers of the greater omentum passing at this stage in front of the colon (fig. 215). 
This condition occasionally persists throughout life, but as a rule adhesion 
occurs between the mesentery of the transverse colon and the posterior layer of 
the greater omentum, with the result that the colon appears to receive its 
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peritoneal covering by the splitting of the posterior two layers of the latter fold. 
In the adult the lesser sac intervenes between the stomach and the structures 
on which that viscus lies, and performs therefore the functions of a serous 
bursa for the stomach. 

Numerous peritoneal folds extend between the various organs or connect 
them to the parietes ; they serve to enclose the vessels and nerves proceeding to 
the viscera and, although they are clearly not designed to sustain any weight, 
they help to retain certain of the viscera in contact with one another. They are 
grouped as ligaments, omenta and mesenteries. 

The ligaments will be described with their respective organs. 

There are two omenta, the lesser and the greater. 

The lesser omentum is the fold of peritoneum which extends to the liver 
from the lesser curvature of the stomach and the commencement of the duo- 
denum. It is continuous with the two layers which cover the antero-superior 


Fig. 1165. — The superior duodenal recess. 
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and postero-inferior surfaces of the stomach and the first 2 cm., or less, of the 
duodenum. From the lower part of the lesser curvature of the stomach and 
the upper border of the duodenum, these two layers ascend as a double fold to 
the porta hepatis ; from the upper part of the lesser curvature, the two layers 
pass to be attached to the bottom, of the fissure for the ligament um ve nosum. 
The hepatic attachment of the lesser omentum is, therefore, J -shaped, the hori- 
zontal limb corresponding, to the margins of the porta hepatis, and the vertical 
limb to the floor of the fissure for the ligamentum veriosum. At the upper end of 
the latter, the lesser omentum reaches the Diaphragm, where the two layers 
separate to embrace the end of the oesophagus. At the right border of the 
omentum the two layers are continuous, and form a free margin which constitutes 
the anterior boundary of the aditus to the lesser sac (epiploic foramen). The 
portion of the lesser omentum extending between the liver and stomach is some- 
times named the hepatogastric ligament, and that between the liver and duodenum 
the hepatoduodenal ligament. Close to its right free margin the two layers of the 
lesser omentum enclose the hepatic artery, portal vein and bile duct, a few 
lymph glands and Ijmiph vessels, and the hepatic plexus of nerves— aU these 
structures bemg enclosed in a fibrous capsule, termed the hepatobiliary capsule 
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(GJisson’s capsule). The right and left gastric arteries, the corresponding veins 
and some of the superior gastric lymph glands and their vessels, run between the 
layers of the lesser omentum, where these are attached to the stomach. 

The greater omentum is the largest peritoneal fold. It consists of a double 
sheet, folded on itself so that it is made up of four layers. The two layers 
which descend from the stomach and commencement of the duodenum pass 
downwards in front of the small intestine for a variable distance ; they then 
turn upon themselves, and ascend again as far as the transverse colon, where 
they separate and enclose that part of the intestine. These individual layers 
may be demonstrated in the young subject, but in the adult they are more or 
less inseparably blended. The left border of the greater omentum is continuous 
above with the gastrosplenic ligament ; its right border extends as far as the 

Fia. 1166. — The terminal part of the ileum, the caecum and the vermiform 
appendix. Viewed from in front. 
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commencement of the duodenum. The greater omentum is usually thin, and 
presents a cribriform appearance, but it always contains some adipose tissue, 
which in fat people is present in considerable quantity. Between its anterior 
two layers, about a finger’s breadth from the greater curvature of the stomach, 
the right and left gastro-epiploic vessels anastomose with each other. 

The mesenteries are : — ^the mesentery (mesentery proper), the mesentery 
of the vermiform appendix, the transverse mesocolon and the pelvic mesocolon. 
In addition to these an ascending and a descending mesocolon are sometimes 
present. 

The mesentery is a broad, fan-shaped fold of peritoneum connecting the 
coils of the jejunum and ileum with the posterior wall of the abdomen. Its root 
— the border connected with the posterior abdominal wall — is about 15 cm. long, 
and is directed obliquely from the duodeno-jejunal flexure at the left side of the 
second lumbar vertebra to the right sacroiliac joint (fig. 1161). Its intestinal 
border is about 6 metres long ; and here the two layers separate to enclose the 
intestine and form its peritoneal coat. The mesentery is short at the upper 
part of the jejunum, but lengthens rapidly to about 20 cm. and is thrown into 

Q.A. 2t 
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numerous pleats or folds. It connects the jejunum and ileum to the posterior 
abdominal wall, and contains between its layers the jejunal and ileal branches 
of the superior mesenteric artery, with their accompanying veins and plexuses 
of nerves, the lymph vessels (lacteals), the mesenteric lymph glands and a vary- 
ing amount of fatty tissue. At the upper end of the mesentery the fat tends to 
accumulate near its root, but as the fold is traced downwards, the fat extends 
farther towards the gut until, at the lower end of the ileum, it may entirely 
obscure the mesenteric border of the gut. 

The mesentery of the vermiform appendix (fig. 1166) is a triangular fold of 
peritoneum which clothes the vermiform appendix, and is attached to the back 
of the lower end of the mesentery, close to the ileocaecal junction. Its layers 
enclose the blood-vessels, nerves and lymph vessels of the vermiform appendix, 
together with a lymph gland. 

The transverse mesocolon is a broad fold connecting the transverse colon to 
the posterior wall of the abdomen. It is continuous with the posterior two 
layers of the greater omentum, which, after separating to surround the trans- 
verse colon, join behind it and are continued to the anterior border of the 
pancreas, where they separate (figs. 1160 and 1161). Between the layers of the 
transverse mesocolon the blood-vessels, nerves and lymphatics of the transverse 
colon are found. The middle colic artery passes downwards and to the right, 
leaving a large non- vascular area of the fold to its left, and a similar but smaller 
area to its right. 

The pelvic mesocolon is a fold of peritoneum which attaches the pelvic colon 
to the pelvic wall. Its line of attachment has the form of an inverted V, the 
apex of which is near the point of division of the left common iliac artery 
(fig. 1161); the left limb descends on the medial side of the Psoas major; 
the right limb passes into the pelvis and ends in the median plane at the 
level of the third sacral vertebra. The inferior left colic (sigmoid) and superior 
rectal (superior hsemorrhoidal) vessels run between the two layers of the pelvic 
mesocolon. 

In most cases the peritoneum covers only the front and sides of the ascending 
and descending parts of the colon, but sometimes these are surrounded by 
peritoneum and attached to the posterior abdominal wall by an ascending and 
a descendmg mesocolon respectively (p. 1336*), A fold of peritoneum, termed 
the phrenicocolic ligament, is continued from the left colic flexure to the Dia- 
phragm opposite the tenth and eleventh ribs ; it passes below and lateral to the 
lateral end of the spleen, and is sometimes given the misleading name of 
sustentaculum lienis. 

The appendices epiploicce are small pouches of the peritoneum filled with fat 
and situated along the colon ; they are best marked on the transverse and 
pelvic parts of the colon. 

Peritoneal recesses. — In certain parts of the abdominal cavity there are 
peritoneal recesses or pouches, which are of siirgical interest in coxmexion with 
the possibility of the occurrence of ‘ internal ’ hernim. Tiie largest of tluise is the 
lesser sac (p. 1309), hut others of smaller size require mention, and may be 
divided into three groups, viz. : duodenal, ciocal, and the recess of the pelvic 
mesocolon. 

1. Duodenal recesses (figs. 1159 and 1165), — Five of these recesses are 
usually described, viz. a superior and an inferior duodenal, a paraduodenal, a 
retroduodenal and a duodenojejunal or mesocolic. The paraduodcziiul recess may 
occur together with the superior and inferior duodenal recesses, l>ut the retro- 
duodenal and duodenojejunal are not found in conjunction with tlic other 
varieties, (a) The superior duodenal recess (fig. 1165) is present in about 50 per 
on the left side of the upper segment of tlie fourth part 
01 the duodenum, behind a sickle-shaped fold of peritoneum, named the su})crior 
duodenal lold ; the upper part of the inferior mesenteric vein usually runs be- 
tween the layers of this fold. The fossa is about 2 cm. deep, and its orifice, 
downwards, admits a finger-tip. (6) The inferior duodenal recess (fig, 
1159) IS present in about 75 per cent, of bodies. It is placed on the left side of 
the lower segment of the fourth part of the duodenum behind a nonvascular 
triangular fold of peritoneum, named the inferior duodenal fold. This fossa has 
an average depth of 3 cm., and its orifice, which admits the tips of one or two 
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fingers, is directed upwards and faces that of the superior duodena] recess. In 
some cases the recess extends to the left in front of the ascending branch of the 
superior left colic artery, and the inferior mesenteric vein, (c) The ^paraduodenal 
recess (fig. 1165) lies a short distance to the left of the foUrth part of the duo- 
denum, and, though frequently present in the new-born child, is rarely found in 
the adult. It is placed behind a falciform fold [paraduodenal fold] of peritoneum, 
the free edge of which contains the ascending branch of the superior left colic 
artery, and frequently the inferior mesenteric vein, the fold forming a mesentery 
for these vessels. The free margin of the fold, and the wide orifice of the recess, 
are directed towards the right, (d) The retroduodenal recess, the largest of the 
duodenal recesses, is only occasionally present. It lies behind the third and 
fourth parts of the duodenum, and in front of the aorta, and extends upwards 
nearly as far as the duodenojejunal junction. The orifice of the recess looks 

Fig. 1167. — The csecal recesses. The ileura and cajcum are drawn backwards and 
upwards. (After Jonnesco.) From Poirier and Charpy’s Traitd d^Anatomie 
humaine, (Masson et Cie.) 
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downwards and to the left, (e) The duodenojejunal or mesocolio recess lies on the 
left side of the aorta, between the duodenojejunal junction and the root of the 
transverse mesocolon. It is present in about 20 per cent, of bodies, and has an 
average depth of from 2 cm. to 3 cm. Its orifice is directed forwards. 

2 . G cecal recesses. — There are three principal pou ches or recesses in the neigh- 
bourhood of the csecum : (a) The superior ileoccecal recess (fig. 1166) is formed by 
a fold of peritoneum, named the vascular fold of the caecum, arching over the 
branch of the ileocolic artery which supplies the ileocolic junction. The recess 
is a narrow chink situated between the mesentery of the small intestine, and 
the ileum and the small portion of the caecum behind. Its mouth opens down- 
wards. (b) The inferior ileoccecal recess (fig. 1166) is situated behind the angle 
of junction of the ileum and caecum. It is formed by the ileoccecal fold of peri- 
toneum (described by Treves as the ‘ bloodless fold ’), the upper border of which 
is fixed to the ileum opposite its mesenteric attachment, while the posterior or 
right border joins the mesentery of the vermiform appendix, and sometimes 
the appendix itself or the caecum. Between this fold and the mesentery of the 
vermiform appendix the inferior ileocaecal recess lies. It is bounded above by 
the posterior surface of the ileum and the mesentery ; in front by the ileocaecal 
fold, and behind by the upper part of the mesentery of the vermiform appendix, 
(c) The ccecal recess (fig. 1167) is situated immediately behind the caecum, which 
has to be raised to bring it into view. It varies much in size and extent. In 
some oases it is sufiiciently large to admit the index finger ; in others it is merely 
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a shallow depression. It is bounded on the right by the csecal fold, which extends 
downwards and to the right into the iliac fossa from the posterolateral aspect 
of the lower part of the ascending colon, or upper part of the caecum. The 
retroccBcal recess is an occasional extension of the caecal recess upwards behind 
the ascending colon. 

3. The recess of the pelvic mesocolon (intersigmoid recess) is constant in the 
foetus and during infancy, but may disappear as age advances. It lies on the 
pelvic side of the apex of the root of the pelvic mesocolon (p. 1314) and forms a 
funnel-shaped recess of variable size, the mouth of which opens downwards. 
In some instances it is a mere dimple. The posterior wall of the recess covers 
the left ureter as it crosses the bifurcation of the left common iliac artery . 

The Stomach [Ventbicultjs] 

The stomach is the most dilated part of the digestive tube, and is situated 
between the end of the oesophagus and the beginning of the small intestine. 
It lies in the epigastric, umbilical, and left hypochondriac regions of the abdo- 
men, and occupies a recess bounded by the upper abdominal viscera, and com- 
pleted in front and on the left side by the anterior abdominal wall and the 
Diaphragm. 

The shape and position of the stomach are so greatly modified by changes 
within itself and in the surrounding viscera that no one form and no single posi- 
tion can be described as typical. The chief modifications are determined by 
(1) the amount of the stomach contents, (2) the stage which the digestive process 
has reached, (3) the degree of development of the gastric musculature, and 
(4) the condition of the adjacent intestines ; but certain features are more or 
less common to all. 

The stomach has two openings, two borders or curvatures, and two surfaces. 

Openings. — The opening by which the oesophagus communicates with the 
stomach is known as the cardiac orifice, and is situated on the left of the median 
plane, behind the seventh costal cartilage one inch from its junction with the 
sternum, and at the level of the eleventh thoracic vertebra. The short ab- 
dominal portion of the oesophagus is conical in shape and curved sharply to the 
left, the base of the coUe being continuous with the cardiac orifice of the 
stomach. The right margin of the oesophagus is continuous with tlio lesser 
curvature of the stomach, while the left margin joins the greater curvature at 
an acute angle, termed the cardiac notch [incisura cardiaca]. 

The opening by which the stomach communicates with the duodenum is 
named the p'^oric orifice, and its position is usually indicated (fig. 11(58) 
by a circular groove on the surface of the organ, termed the pyloric constriction, 
which indicates the position of the pyloric sphincter. In the living subject, 
at operation, it can be identified by the prepyloric vein, which runs vertically 
across its anterior surface. The pyloric orifice lies 1*5 cm. to the right of the 
median plane at the level of the lower border of the first lumbar vertebra, 
when the body is in the supine position. 

Curvatures. — The lesser curvature, extending between the cardiac and 
pyloric orifices, forms the right or posterior border of the stomach. It de- 
scends as a continuation of the right margin of the oesophagus in front of the 
decussating fibres of the right crus of the Diaphragm, and then, turning to 
the right, it curves below the omental tuberosity of the pancreas and ends at 
the pylorus (fig. 1168). The deepest part of the curve forms a notch, named the 
angular notch [incisura angularis], which varies somewhat in position with the 
state of distension of the viscus ; it serves to separate the stomach into a right 
and a left portion. The lesser curvature gives attachment to the lesser omentum, 
the two layers of which contain the right and left gastric vessels. 

The greater curvature is directed mainly forwards, and is four or five times 
as long as the lesser curvature. Starting from the cardiac orifice at the cardiac 
notch, it forms an arch backwards, upwards, and to the left ; the highest point 
of the convexity is on a level with the left fifth intercostal space. From this 
level it may be followed downwards and forwards, with a slight convexity to the 
left almost as low as the cartilage of the tenth rib, when the body is in the supine 
position ; it then turns to the right, to end at the pylorus. Directly opposite 
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the incisura angularis of the lesser curvature the greater curvature presents a 
bulging, which is the left extremity of the 'pyloric part of the stomach ; this is 
limited on the right by a slight groove, which indicates the subdivision of the 

Fig. 1168. — ^The stomach in situ, after the removal of the liver. 



Transverse colon (seen through Greater omentum (anterior layers) 

greater omentum) 


pyloric part into a pyloric antrum and a pyloric canal. The latter is only 2 to 
3 cm. in length and terminates at the pyloric constriction. At its commencement 
the greater curvature is covered 

Fig. 1169. — An outline of the normal full 
stomach. (From a model by A. E. Barclay.) 


Incisura cardiaca 
Cardiac orifice 

(Esophagus 
(abdominal 
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curvature- 


Fundus distended with gas 


by peritoneum continuous with 
that on the front of the stomach. 

On the left side of the fundus and 
the adjoining part of the body, the 
greater curvature gives attachment 
to the gastrosplenic ligament, while 
its lower portion gives attachment 
to the two layers of the greater 
omentum, separated from each 
other by the gastro-epiploic vessels. 

Surfaces. — When the stomach is 
empty and its walls contracted, its 
surfaces are directed upwards arid 
downwards respectively, but when 
it is distended they look forwards 
and backwards. They may there- 
fore be described as antero-superior 
and postero-inferior. 

Anterosuperior surface. — The 
left part of this surface lies under 

cover of the left costal margin. It is in contact with the Diaphragm, which 
separates it from the left pleura, the base of the left lung, the pericardium, and 
the sixth, seventh, eighth and ninth ribs and intercostal spaces of the left side. 
It is also in contact with the upper fibres of origin of the trans versus abdominis, 
which intervene between it and the seventh, eighth and ninth costal cartilages. 
The right half is in relation with the left and q[uadrate lobes of the liver and with 


Duodenum. 
Pylorus. 
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the anterior abdominal wall. When the stomach is empty, the transverse 
colon may lie on the front part of this surface. The whole surface is covered 
with peritoneum. 

The 'postero-inferior surface is in relation with the Diaphragm, the gastric 
surface of the spleen, the left suprarenal gland, the upper part of the front of 
the left kidney, the splenic artery, the anterior surface of the pancreas, the 
left colic flexure, and the upper layer of the transverse mesocolon. These 
structures form the shallow stomach-bed, on which the viscus rests (fig. 1170). 
The transverse mesocolon separates the stomach from the duodenojejunal 


Fig. 1170. — ^The ‘stomach-bed.’ 
Duodenum Left suprarenal gland 



Pylorus Greater omentum 


flexure and small intestine. The postero-inferior surface is covered with 
peritoneum, except near the cardiac orifice, where there is a small, sonieM'hat 
triangular, area, about 5 cm. wide, in direct contact with the left <!rua of the 
Diaptogm, and sometimes with the left suprarenal gland. The left gastric 
'ressels reach the lesser curvature of the stomach at the right extremity of 
tms area, and from its left side a short peritoneal fold, termed the mdirophrmic 
lyament, which is continuous below with the lienorenal and gastrosplenic 
hgaments, passes to the inferior surface of the Diaphragm. 

, , ^ through the incisura angularis on the lesser curvature and 

the lelt ^t of the opposed bulging on the greater curvature divides the 
rtomach mto a large left portion or body and a small, right, or pyloric portion. 
The upper portion of the body is known as the fundus and is marked off from the 
remamder of the body by a plane passing horizontally through the cardiac orifice. 

By means of*-rays the form position of the stomach can be studied in the Uving 
ad^istrationofameal containing bismuth (Pl.XV). During the process of 
digestion, it is divided by a muscular constriction into a laige, dilated, left portion, and 







THE STOMACH 1319 

a narrow, contracted, tubular, right portion. The constriction is in the body of the 
stomach, and does not follow any of the anatomical landmarks ; indeed, it shifts gradu- 
ally towards the left as digestion progresses. The position of the stomach varies 
with the posture, with the amount of the stomach contents and with the condition 
of the intestines on which it rests. In addition there is a wide range of individual varia- 


Fig. 1171. — The interior of the stomach. 



tion. In the erect posture the empty stomach is somewhat J -shaped; the fundus is 
usually distended with gas ; the pylorus descends to the level of the second or the upper 
part of the third lumbar vertebra, and the most dependent part of the stomach is below 
the level of the umbilicus. Variation in the amount of its contents affects mainly the body 
of the stomach, the pyloric portion remaining in a more or less contracted condition during 
the process of digestion. As the stomach fills it tends to expand forwards and downwards 
in the direction of least resistance, but when this is interfered with by a distended condition 
of the colon or intestines the fundus presses 

Fig. 1172. — A diagram showing the subdivisions 
of the human stomach. (F. T. Lewis.) 
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upwards on the liver and Diaphragm and 
gives rise to the feelings of oppression and 
palpitation complained of in such cases. 

By hardening the viscera in situ His* 
and Cunningham t have shown that the 
contracted stomach has a siclde shape, the 
fundus looking directly backwards. The 
surfaces are directed upwards and down- 
wards, the upper surface having, however, 
a gradual downward slope to the right. 

The greater curvature is in front and at 
a slightly higher level than the lesser. 

The position of the full stomach de- 
pends, as already indicated, on the state 
of the intestines : when the latter are 
empty the fundus expands vertically and 
also forwards, the pylorus is displaced 
towards the right, and the whole organ 
assumes an oblique position, so that its 
surfaces are directed more forwards and backwards. The lowest part of the stomach is at 
the pyloric antrum, which reaches below the umbilicus. Where the intestines interfere with 
the downward expansion of the fundus the stomach retains the horizontal position which 
is characteristic of the contracted viscus. 

Interior of the -When examined after death, the stomach is usually fixed at 

some stage of the digestive process. A common form is that shown in fig. 1171. When 
the viscus is laid open by a section through the plane of its two curvatures, it is seen to 
consist of two segments : (a) a large globular portion on the left and (6) a narrow tubular 
part on the right. The cardiac notch lies to the left of the abdominal part of the oeso- 
phagus : the projection of this notch into the cavity of the stomach increases as the organ 
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* ArchivfUr Anatomie und Physiologist anaL Abth., 1903. 
t Transactions of the Royal Society of Edinburgh, vol. xlv. part i. 
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distends, and has been supposed to act as a valve preventing regurgitation into the 
oesophagus. The elevation corresponding to the incisura angularis is seen at the beginning, 
and the circular thickening of the pyloric sphincter at the end of the pyloric portion. 

F. X. Lewis * has modelled the gastric epithelium in the human embryo, and has shown 
that a canal (named by him the gastric canal) extends along the lesser curvature from the 
cardiac orifi.ce to the incisura angularis (fig. 1172), the distinctness of the canal being 
strikingly shown when the model is viewed from the inside. J efEerson f has brought for- 
ward radiographic evidence to show that such a canal exists in the adult. He found that in 
eighteen out of twenty-two cases examined whilst in the act of swallowing a mixture of 
oxychloride of bismuth and milk the fluid was confined to the lesser curvature. He is of the 
opinion that the oblique muscular coat of the stomach is so arranged that by its contraction 
it will cause a temporary cutting off of a canal along the lesser curvature. 

Fig. 1173. — ^The longitudinal and circular muscular fibres of the stomach, 
Anterosuperior aspect. (Spalteholz.) 



The pyloric s^himter is a muscular ring composed of a thickened porti(m of 
the circular layer of the muscular coat ; this ring is covered with a re- 
duplication of the mucous membrane. Some of the deeper longitudinal fibres 
turn in and interlace with the fibres of the sphincter. 

Structure. — The wall of the stomach consists of four coats : serous, imiscular, areolar 
and mucous, together with vessels and nerves. 

The serous coat is derived from the peritoneum and covers th(j (entire surfitcc of the 
organ, excepting (a) along the greater and lesser curvatures at the lines of attachiiujnt of the 
greater and lesser omenta, where the two layers of peritoneum leave a small spatK.^ triangular 
on section, in which the vessels and nerves lie : and (6) a small area on the posUiro-inferior 
surface of the stomach, close to the cardiac orifice, where the stomach is in contact with the 
under surface of the Diaphragm. 

The muscular coat (figs. 1173, 1174) is situated immediately beneath the serous covering, 
with which it is closely connected. It consists of three layers of unstriped muscular fibres : 
longitudinal, circular and oblique. 

The longitudinal fibres are the most superficial, and are arranged irx two sets. Th<.i 
first set consists of fibres continuous with the longitudinal fibres of the cesophagus ; tliey 
radiate from the cardiac orifice and end proximal to the pyloric portion, U'he second set 
commences on the body of the stomach and passes to the right, its fibres becoming more 
thickly arranged as they approach the pylorus. Some of the more superficial fibres of thi.s 
set pass on to the duodenum, but the deeper fibres dip inwards and interlace with the fibres 
of the pyloric sphincter. 

* American Journal of Anatomy ^ vol. xiii. 
f J ournal of Anatomy and Physiology, vol. xlix. 



Fro. 1. — Kadiograph of 
a normal stomaoli after a 
bari um i noal . The to n e o f 
the muscular wall is good 
and siippoT'ts the weight of 
the column in the body 
of the organ. The arrow 
points to the duodenal 
cap, below which a gap in 
the barium indicates the 
position of the pylorus. 


Fin. 2. — Kadiograph of 
an atonic stomach aft-ei* a 
barium moal. Note that 
this stomach contains the 
same amount of barium 
as the stomach in fig. 1. 
Arrow 1 points to the 
shadow of the right breast ; 
arrow 2, to the pylorus; 
arrow 3, to the upper part 
of the body of the stomach, 
where longitudinal folds 
can be seen in the mucous 
membrane. XX marks a 
wave of peristalsis. 
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The circular fibres form a uniform layer over the whole extent of the stomach beneath 
the longitudinal fibres. At the pylorus they are most abundant, and are there aggregated 
into a ring which forms the pyloric sphincter. The circular fibres of the stomach are con- 


Fio. 1174. — ^The oblique muscular fibres of the stomach. 
Anterosuperior aspect. (Spalteholz.) 



tinuous with the circular fibres of the oesophagus, but are sharply marked off from the 
circular fibres of the duodenum by a connective tissue septum. 

The oblique fibres, internal to the circular layer, are limited chiefly to the body of the 

Fig. 1175, — ^A section through the mucous membrane of a human stomach, near 
the cardiac orifice. x45. (v. Ebner, after J. Schaffer.) 



o 


c. Cardiac glands, d. Their ducts, cr. Gland similar to the intestinal glands, with goblet 
cells, mm. Mucous membrane, m. Muscularis mucosae. m\ Muscular tissue within the 
mucous membrane. 

stomach. They sweep downwards from the incisura cardiaca and run more or less parallel 
with the lesser curvature. On the right they present a free and well-defined margin 
(fig. 1174 ) ; on the left they blend with the circular fibres. 

G.A. 2t2 
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The areolar or submucous coat consists of loose, areolar tissue, connecting the mucous 
and muscular layers. 

The mucous membrane is thick and its surface is smooth, soft and velvety. In the 
fresh state it is of a pinkish tinge at the pyloric end, and of a red or reddish-brown colour 
over the rest of its surface. In infancy it is of a brighter hue, the vascular redness being 
more marked. It is thin at the cardiac extremity, but thicker towards the pylorus. During 
the contracted state of the organ it is thrown into numerous folds or rugae which for the most 
part have a longitudinal direction, and are best marked towards the pyloric end of the 
stomach, and along the greater curvature (fig. 1171). These folds are obliterated when the 
organ is distended. 

Structure of the mucous membrane . — When examined with a lens, the inner surfiice of 
the mucous membrane presents a peculiar, honeycomb appearance owing to the fact that it 


Fig. 1176. — A fundus gland. 



A 

A. A transverse seotion through the 
gland. 


Fro. 1177. — A pyloric gland, from a 
section through a dog’s stomach. 
(Ebstein.) (From Quain’s Kle- 
ments of Anatomy ^ vol. ii. pt. i.) 



m. aiouni. n. ^ecK. tr. A nurtiun of 
a tubule cut truujivtTsrly. 


with small, shallow depressions or alveoli, of a polygonal or hexaf-onal form, which 
ISfZ wf These are the ducts of the pistrie glands, 

co’^ered with a single layer of columnar epithelium 
fh This epithelium commences very abruptly at the canliao 

stratified epithelium of tlie msophngus. 

generS epitheS*^ oltfi“stma?h 

= (“) cardiac, {b) fundus or oxyntic, ami (c) pyloric. 

but^t^W resembUng those of the pyloric end of the stomach, 

W^^SlaSfip nUf ^ compoimd racemose glands resembUng the duodenal glands. The 
p ^ foundm the body and fundus of the stomach ; they are simple 

tubes, two or more of which open into a single duct. The duet is short sometimes not 

m whole length of the gland. The epithelium of the 

lunaus glands consists of (1) short columnar, glandular cells, known as the eh if for emtml 
ceOs, which are responsible for the formation of pepsin, and (2) M 
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parietal or oxyntic cells, which secrete the hydrochloric acid of the gastric juice. The latter 
lie between the chief cells and the basement-membrane, and stain deeply with eosin ; they 
do not form a continuous layer, but occur at intervals and so give the tube a beaded appear- 
ance. They are connected with the lumen of the gland by fine channels which run in the 
substance of the cells. The pyloric glands (fig. 1177) are found in the pyloric portion of the 
stomach. Each consists of two or three short convoluted tubes opening into a funnel-shaped 
duct. The tubes are lined by cubical cells which are finely granular. Parietal or oxyntic 
cells are present in some of the pyloric glands. The ducts occupy about two-thirds of the 
depth of the mucous membrane. 

Between the glands the mucous membrane consists of a connective tissue framework, 
and lymphoid tissue. In places, this latter tissue, especially in early life, is collected into 
little masses which resemble the solitary lymphatic nodules of the intestine, and are termed 
the gastric lymphatic nodules. They are not, however, so distinctly circumscribed as the 
solitary nodules. The mucous membrane is bounded on its deep surface by a thin stratum 
of involuntary muscular fibres (muscularis mucosje), which in some parts consists only of a 
single longitudinal layer ; in others of two layers, an inner circular and an outer longitudinal. 

Vessels and Nerves — The arteries supplying the stomach are : the left gastric branch 
of the coeliac artery, the right gastric and right gastro-epiploio branches of the hepatic 
artery, and the left gastro-epiploio and short gastric branches of the splenic artery. They 
supply the muscular coat, ramify in the submucous coat, and are finally distributed to 
the mucous membrane. The arrangement of the vessels in the mucous membrane is 
somewhat peculiar. The arteries break up at the deep ends of the gastric glands into a 
plexus of fine capillaries which run between the glands, anastomosing with each other, 
and ending in a plexus of larger capillaries, which surround the mouths of the glands, 
and also form hexagonal meshes around the gland-ducts. From these the veins arise, 
and pursue a straight course, between the glands, to the submucous tissue : they end 
either in the splenic and superior mesenteric veins, or directly in the portal vein. The 
lymph vessels are numerous ; they consist of a superficial and a deep set, and pass to 
the lymph glands found along the two curvatures of the organ (p. 866). The nerves are the 
terminal branches of the right and left vagi, the former being distributed for the most part 
upon the back, and the latter for the most part upon the front part of the stomach. A great 
number of branches from the coeliac plexus of the sympathetic are also distributed to it. 
Nerve-plexuses are found in the submucous coat and between the layers of the muscular 
coat, as in the intestine. From these plexuses fibrils arc distributed to the muscular tissue 
and the mucous membrane. 

The Small Intestine [Intbstinum Tenub] 

The small intestine is a convoluted tube, extending from the pylorus to the 
ileocolic valve, where it joins the large intestine. It is about 6 *5 metres long, and 
gradually diminishes in diameter from its commencement to its termination. 
It is contained in the central and lower parts of the abdominal cavity and usually 
lies within the curve of the large intestine ; it is in relation, in front, with the 
greater omentum and abdominal parietes ; a portion of it extends down into the 
pelvis and lies in front of the rectum. The small intestine consists of (1) a short, 
curved portion which is devoid of a mesentery and is named the duodenum , and 
(2) a long, greatly coiled part which is attached to the posterior abdominal wall 
by the mesentery (p. 1313) ; the proximal two-fifths constitute the jejumm 
(intestinum jejunum), the distal three-fifths the ileum (intestinum ileum). 

The duodenum (fig. 1178) is so named because its length is about equal 
to the breadth of twelve fingers (25 cm.) . It is the shortest, widest and most fixed 
part of the small intestine ; it has no mesentery, and is only partially covered 
with periton.eum. Its course presents a remarkably constant curve, somewhat 
of the shape of an imperfect circle, which encloses the head of the pancreas. 

It begins at the pylorus, passes backwards, upwards and to the right, under 
cover of the quadrate lobe of the liver, to the neck of the gall-bladder, varying 
slightly in direction according to the degree of distention of the stomach ; it 
then makes a sharp curve (superior duodenal flexure) and descends in front of 
the medial part of the right kidney, for a variable distance, generally to the level 
of the lower border of the body of the third lumbar vertebra. Here it makes 
a second bend (inferior duodenal flexure), and passes almost horizontally from 
right to left across the vertebral column, having a slight inclination upwards ; 
it then ascends in front, or to the left, of the abdominal aorta for about 2*5 cm., 
and ends opposite the second lumbar vertebra in the jejunum. At its union with 
the jejunum it turns abruptly forwards, forming the duodenojejwial flexure. 
For descriptive purposes it is divided into first, second, third and fourth parts. 
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Relations . — The first part (superior portion) is about 5 cm. long, and is the 
most movable of the four portions ; it begins at the pylorus, and ends at the 


Fig. 1178. — A dissection to show the duodenum and pancreas. 
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greater omentum to the lower border of the proximal half. It is in relation 
above and in front with the quadrate lobe of the liver and the gall-bladder ; 
behind, with the gastroduodenal artery, the bile-duct and the portal vein, 
and below and behind, with the head and neck of the pancreas. It is in such 
close relation with the gall-bladder that it is usually found to be stained by bile 
after death, especially on its anterior surface. 

The second 'part (descending portion) from 8 cm. to 10 cm. long, descends 
from the neck of the gall-bladder along the right side of the vertebral column as 
low as the lower border of the body of the third lumbar vertebra. It is crossed by 
the transverse colon, the posterior surface of which is connected to the duo- 
denum by a small quantity of areolar tissue. The parts above and below the 
transverse colon are covered in front with peritoneum. It is in relation, in front, 
from above downwards, with the duodenal impression on the right lobe of the 
liver, the transverse colon, and the small intestine ; behind, it has a variable 
relation to the front of the right kidney in the neighbourhood of its hilum, and 
is connected to it by loose areolar tissue ; the right renal vessels, edge of the 
inferior vena cava, and Psoas major are also behind it. Its medial side is 
related to the head of the pancreas and the bile-duct ; its lateral side, to the 
right colic flexure. The bile-duct and the pancreatic duct come into contact 
at the medial side of this part of the duodenum. The two ducts enter the wall 
of the gut obliquely, and there unite to form a short, dilated duct which is named 
the ampulla of the bile duct. The narrow, distal end of this ampulla opens on the 
summit of a papilla, termed the duodenal papilla, which is situated within the 
second part of the duodenum at the junction of its medial and posterior walls 
(figs. 1179, 1199), from 8 cm. to 10 cm. distal to the pylorus. The accessory 
pancreatic duct, when present, opens about 2 cm. proximal to the duodenal 
papilla. 

The third part (horizontal portion), about 10 cm. long, begins at the right side 
of the lower border of the third lumbar vertebra and passes from right to left, 
with a slight inclination upwards, in front of the inferior vena cava, and ends in 
the fourth part in front of the abdominal aorta. Its anterior surface is covered 
with peritoneum, except near the median plane, where it is crossed by the 
superior mesenteric vessels and the root of the mesentery. Its posterior surface 
is uncovered by peritoneum, except towards its left extremity, where the pos- 
terior layer of the mesentery sometimes covers it to a variable extent. This 
surface rests upon the right ureter, the right Psoas major, the right testicular 
(or ovarian) vessels, the inferior vena cava and the abdominal aorta. The upper 
surface is in relation with the head of the pancreas ; the lower, with the coils 
of the jejunum. 

HhQ fourth part (ascending portion), about 2 *5 cm. long, ascends on or immedi- 
ately to the left of the aorta, as far as the level of the upper border of the second 
lumbar vertebra, where it turns abruptly forwards [duodenojejunal flexure] and 
is continuous with the jejunum. It lies in front of the left sympathetic trunk, 
left Psoas major, the left renal and testicular vessels. Along its right border it 
gives attachment to the upper part of the root of the mesentery, the left layer 
of which is continued over its anterior surface and loft side. 

The first part of the duodenum, as stated above, possesses a range of move- 
ment, but the rest is relatively fixed, and is bound down to neighbouring 
viscera and the posterior abdominal wall. 

The fourth part of the duodenum and the duodenojejunal flexure are fixed 
by the Suspensory muscle of the duodenum, which arises from the right crus 
of the Diaphragm, close to the right margin of the oesophagus. It passes down- 
wards and slightly forwards in close relation with the coeliac artery (sometimes 
dividing to enclose this vessel) and is attached to the posterior surface of the 
upper part of the duodenojejunal flexure, many fibres being continued into the 
mesentery.* This muscle consists of three parts, viz. an upper of striped 
muscular fibres, an intermediate elastic tendon, and a lower of unstriped 
muscular fibres. 

Vessels and Nerves — The arteries supplying the duodenum are the right gastric and 
superior pancreaticoduodenal branches of the hepatic, and the inferior pancreaticoduodenal 

* A. Low, Journal of Anatomy and Physiology, vol. xlii* 
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biunch of the superior mesenteric. One, sometimes two, sma-U branches descend from the 
hepatic artery as it lies in the lesser omentum and supply a limited area near the termination 
of the first part. The veins end in the splenic, superior mesenteric and portal veins. 
The nerves are derived from the ooeliao plexus. 

The rest of the s-ma.ll intestine, about 6 metres long, extends from the duo- 
denojejunal flexure to the ileocolic valve, where it ends in^ the csecuin of the large 
intestine j it is arranged in a series of coils or loops which are attached to the 
posterior abdominal wall by the mesentery. This part of the gut is completely 
covered with the peritoneum, except for a narrow strip along its mesenteric 
border, where the two layers of the mesentery diverge from each other to enclose 
it. It is divided into jejunum and ileum, the former name being given to the 
upper two-fifths and the latter to the lower three-fifths. There is no morphol- 
ogical line of distinction between these two parts, and the division is arbitrary ; 
but at the same time the character of the intestine gradually undergoes a change 


Figi. 1179. — ^The interior of the second part of the duodenum, showing 
the duodenal papilla. 



from the beginning of the jejunum to the end of the iieuin, ho tini t |)t>rt ionH of 
the bowel taken from these two situations present characteristic: (litiV‘ren<M‘.s. 

The jejunum (intestinum jejunum) has a diameter of about 4 and is 
thicker, redder and more vascular than the ileum. The circular folds (p. i:J2S) 
of its mucous membrane are large and thickly set, and its villi surpass t hose of 
the ileum in size. The ag^egated lymphatic nodules (p. 1 are a Imost absent, 
in the upper part of the jejunum ; in the lower part they art* Ies.s fretpuuitly 
found than in the ileum, and are smaller and tend to assume a eirtnihir form. 
When the jejunum is grasped between the finger and thumb tlie eireulnr f*olds 
can be felt through the wall of the gut ; as these folds are absent from tlic lower 
part of the ileum, it is possible in this way to distinguish the up|)er fn)m the 
lower part of the small intestine. 

For the most part the jejunum lies in the umbilical region, hut it ma^^ e.Ktend 
into any of the surrounding areas. The first coil occupies a reecLss l>etween the 
left part of the transverse mesocolon and the anterior surface of the left kidiu*v 
(p. 1345). 

^ The ileum (intestinum ileum) has a diameter of 3*5 cm., and its coats are 
thinner than those of the jejunum. A few circular folds are present in the upper 
part of the ileum, but they are small and disappear almost entirely towards its 
lower end ; the aggregated lymphatic nodules are, however, larger and more 
numerous than in the jejunum. For the most part the ileum is situated in the 
h 3 ^pogastric and pelvic regions. The terminal part of the ileum usually lies in 
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the pelvis, from which it ascends over the right Psoas major and right iliac 
vessels ; it ends in the right iliac fossa by opening into the medial side of the 
csecum. 

The jejunum and ileum are attached to the posterior abdominal wall by an 
extensive fold of peritoneum, termed the mesentery, which allows of very free 


Fig. 1180. — A section through the duodenum of a cat. x 60. (From 
Sharpey-Schafer’s Essentials of Histology.) 




movement, so that each coil can accommodate itself to changes in form, and 
position. The mesentery is fan-shaped ; its vertebral border or root, about 
io cm. long, is attached to the posterior abdominal wall along a line running 
from the left side of the body of the second lumbar vertebra to the right sacro- 
iliac joint, and crossing successively the third part of the duodenum, the aorta, 
the inferior vena cava, the right ureter, and right Psoas major (fig. 1161). Its 
average breadth from the vertebral to the intestinal border is about 20 cm., but 
is greater in the middle than at its upper and lower ends ; according to Lock- 
wood the lireadth of the mesentery tends to increase as age advances. The two 
layers of the mesentery contain the jejunum, ileum, the jejunal and ileal 
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branches of the superior mesenteric blood-vessels, nerves, lacteals, and lymph 
glands, together with a variable amount of fat (p. 1314). 

MecheVs diveHimlum.—T):^ is a pouch which projects from the lower part of the ileum 
in about 2 per cent, of subjects. Its average position is about 1 metre above the ileocolic 
valve, and its average length about 5 cm. Its calibre is generally similar to that of the 
ileum, and its blind extremity may be free or may be connected with the abdominal wall or 
with some other portion of the intestine by a fibrous band. It represents the ])ersistent 
proximal part of the vitello-intestinal duct, which connects the yolk-sac and the primitive 
digestive tube in early foetal life (pp. 71, 168). 

Structure — The wall of the small intestine (fig. 1 180) is composed of four coats : serous, 
muscular, areolar and mucous. 

The serous coat is formed of peritoneum. 

The muscular cocut is thicker in the upper than in the lower part of the small intestine ; 
it consists of an external longitudinal and an internal circular layer of non-striped muscular 
fibres. The longitudinal layer is thin ; the circular layer is thick, and composed of fibres of 
considerable length. 

The areolar or submucous coat unites the mucous and muscular layers. It consists of 
loose, areolar tissue containing blood-vessels, lymph vessels and nerves. 

The mucous membrane is thick and highly vascular in the upper part of the small intes- 
tine, but thinner and less vascular in the lower part. It consists of the following structures ; 
next to the areolar or submucous coat there is the muscularis mucosce, which consists of an 
outer longitudinal and inner circular layer of unstriped muscular fibres ; internal to the 
muscularis mucosae there is a quantity of retiform tissue, enclosing in its meshes lymph- 
corpuscles, and in which the blood-vessels and nerves ramify ; lastly, a basement mem- 
brane, supporting a single layer of tall columnar cells. The cells are granular in appearance, 
and each possesses a clear oval nucleus. Their superficial and unattached ends present a 
distinct layer of highly refracting material, marked by vertical strice (the striated border). 
Goblet-cells occur at intervals in the epithelial layer. 

The following structures are contained within or belong to the mucous membrane ; 

Circular folds. Duodenal glands. 

Villi. Solitary lymphatic nodules. 

Intestinal glands. Aggregated lymphatic nodules. 

The circular folds (fig. 1181) are large transverse folds of mucous membrane which 
project into the lumen of the bowel. They are composed of reduplications of the jnucous 

membrane, the two layers of the fold Ixuug bound 
Fig. 1181. — The interior of a por- together by submucous tissue ; unlike the folds in 
tion of the upper part of the i^he stomach they arc permanent, and are not ob- 
jejunum, showing the circular literated when the intestine is di8t<uTide<i. The 

majority extend transversely round the intotine for 
about one-half or two-thirds of its circumference, 
but some form complete circles, some bifurcat<3 anci 
join adjacent folds, and others have a spiral direc- 
tion ; the latter usually extend a little morcj than 
once round the bowel, but occasionally two or three 
times. ^ The larger folds arc about 8 mm. in dei)th 
at their broadest part; but the great<ir number 
are of smaller size. The larger and smaller folds 
alternate with each other. Circular folds are not 
found at the commencement of the duodenum, but 
begin to appear about 2*6 or 5 cm. Ixyond the 
pylorus. ^ Distal to the point where the bile- and 
pancreatic ducts enter the duodenum, they are 
very large and closely approximated. In the 
upper one-half of the jejunum they are largo and 
numerous, but from this point, down to the middle 
of the ileum, they diminish considerably in she. 
In the lower part of the ileum they are almost 
entirely absent ; hence the comparative thinness 
of this portion of the intestine, as compared with 
l^he duodenum and jejunum. The circular folds 

retard the passage ofthe food and afford an increased surface for absorotion( PI. XVI fig. 1). 

The intestinal villi are highly vascular processes, just visible to the naked eye ; they pro- 
ject from the mucous membrane of the whole of the smaU intestine, and give to its surface a 
velvety appearance, ^ey are large and numerous in the duodenum and jejunum, but are 
smaller and fewer m the ileum. 

structure of the 'dUi (figs. H82. 1183).— The essential parts of a villus are : the lacteal 


folds. 




STRUCTURE OF THE SMALL INTESTINE 1329 

vessel, the blood-vessels, the epithelium, the basement-membrane and the muscular tissue 
of the mucosa, all being supported and held together by retiform tissue. 

The lacteals are in some cases double, and in some animals multiple, but usually there is a 
single vessel. Situated in the axis of the villus, each commences by a dilated blind extremity 
near to, but not quite at, the summit of , the villus. The wall is composed of a single layer of 
endothelial cells. 

The muscular fibres are derived from the muscularis mucosse, and are arranged in bundles 
around the lacteal vessel, extending from the base to the summit of the villus, and giving off, 
laterally, individual muscle-cells, which are enclosed by the reticulum, and by it are attached 
to the basement-membrane and to the lacteal. 

The blood-vessels (fig. 1184) form a plexus under the basement-membrane, and are 
enclosed in the reticular tissue. 

These structures are surrounded by the basement-membrane, which is made up of a 
layer of endothelial cells, and upon this is placed a layer of columnar epithelium, the 


Fia. 1182. — A vertical section Fia. 1183. — transverse section through a villus of 

through a villus of the small the human intestine, x 350. (v. Ebner.) 

intestine of a dog. x 80. 




a,. Bascinont-mcmbranc, here somewhat shrunken away from the 
cjpithelium. b. Ijacteal. c. Columnar epithelium ; A, its striated 
border, e. Goblct-cclls. /. Leucocytes in epithelium. Leucocyte 
below epithelium, g. Blood-vessels, h. Muscle-cells cut across. 


characteristics of which have been described above. The retiform tissue forms a network 
(fig. 1183) in the meshes of which a number of leucocytes are found. 

The intestinal glands (fig. 1185) are found in considerable numbers over every part of 
the mucous membrane of the small intestine. They are simple tubular glands, arranged 
perpendicularly to the surface, upon which they open by small circular apertures. Their 
orifices may be seen with the aid of a lens as minute dots scattered between the villi. Their 
walls are thin, consisting of a basement-membrane lined with columnar epithelium, and 
covered on their exterior with capillary vessels. The deeper cells, especially in the duo- 
denal glands, contain granules wliich stain characteristically with phosphotungstic hacvnia- 
toxylin and are termed granules of Paneth. 

The duodenal glands are limited to the duodenum (fig. 1 180), and are found in the sub- 
mucous areolar tissue. They are largest and most numerous near the pylorus, forming an 
almost complete layer in the first part, and upper half of the second part, of the duodenum ; 
beyond this they gradually diminish in number and disappear at the junction of the duo- 
denum and jejunum. They are small, compound, acinotubular glands, each consisting of a 
number of alveoli lined with short columnar epithelium and opening by a duct on the inner 
surface of the intestine. 

The solitary lymphatic nodules are found scattered throughout the mucous membrane of 
the small intestine, but are most numerous in the lower part of the ileum. Their free surfaces 
are covered with rudimentary villi, except at the summits, and each nodule is surrounded by 
the openings of the intestinal glands. Each consists of a dense, interlacing, retiform tissue 
closely packed with lymph-corpuscles, and permeated by an abundant, capillary network. 
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The interspaces of the retiform tissue are continuous with larger lymph-spaces which sur- 
round the nodule, and by this means they are enabled to communicate with the lacteal 


Fig. 1184. The villi of the small intestine, sliowing the blood-vessels and tlie 

lymph vessels. (Cadiat.) 



Fig. 1186. — ^An intestinal 
gland from the human 
intestine. (Flemming.) 
(From Quain’s Elements 
of Anatomy,) 


system. They are situated partly in the submucous tissue, and partly in the rnueous 
where they form slight projections of its epithelial layer. 

The aggregated lymphatic nodules (tig.s. 1 ISU, 1 IH7 ) I'orm 
circular or oblong patches, from twenty to thirty in number, 
and varying in length from 2 cm. to 10 cm. Like the otluT 
collections of lymphoid tissue in tlu^ body, tiny are Ijest 
marked in the young subject, become indistinct in middle 
age, and usually disappear altogether in advanced life, 1’hty 
are largest and most numerous in the ileum. In thf? lower 
part of the jejunum they arc small, circular and few in 
number. They are occasionally seen in the duotleuvuu. They 
are placed lengthwise in the intt‘stine, and anj situattMl in th(/ 
portion of the tube mo.st distant from tlu! attaclnnent of thi* 
mesentery. Each pateli is formed of a group of solitary 
lymphatic nodules covered with columnar e[>itht‘lium ; the 
patches do not, as a rule., possess villi on their fr<*e sur- 
faces. They are freely supplied witli biotsl-vesstd.s, \vhil^h 
form an abundant plexus around each nodult* and give td! 
fine branches to permeate the lymphohl tissue in interior 
of the nodule. The plexuses of lymph vessels an? e.spi*cially 
abundant around these patches. ' 

Vessels and Nerves — The jejunum and ileum are sup- 
plied by the superior mesenteric artery, the jejunal and ileal 
branches of which, having reached the attached bor<l(‘r of 
the bowel, run between the serous and muscular coats. Fi-om 
these vessels numerous branclu*s are given oil, which pierei? 
the muscular coat, supplying it and forming an intricate 
plexus in the submucous tissue. From this pk*xus minute 
vessels pass to the glands and villi of the mucous membrane. 
The anastomoses between the terminal intestinal branches 
are by no means free, and there is a distinct tendency for the 
alternate vessels to be distributed to opposite sides of th(‘ 
gut. The veins have a course and arrangement similar to the 
arteries. The lymph vessels of the small intestine [laeteaUJ 
are arranged in two sets, viz. those of the mucous membrane and those of the muscular 
coat. The lymph vessels of the villi commence in these structures in the manner 
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described on p. 1329. They form an intricate plexus in the mucous and submucous 
tissue, being joined by the lymph vessels from the lymph-spaces at the bases of the 
solitary nodules, and from there pass to larger vessels at the mesenteric border of the 


Fio. 1186. — Aggregated lymphatic nodules. A, from the upper part, and 
B, from the lower part, of tho ileum. 




A ]1 

gut. The lymph vessels of the muscular coat arc situated to a great extent between 
the two layers of muscular fibres, where they form a close plexus ; throughout their 
course th(\y communicate freely with those from the mucous rnembraiu^ and open in 


Fia. 1187, — A \'orti(*al section through a human aggregated lyin})hatic nodulo, 
injected through tho lymphatic vessels. 



a. Villi with th(rir lucteula. b. Intestinal glands, r. Musculurls mu(^c)SJt^ d. Cupula or api^x of 
.solitary lyiuphatic nodulo. e. liit(Tmodiatc zone of nodule. /. Base of nodule, o. Points of exit of th(? 
lactcals from tho villi, and entrance into the tnns mucous nicmbraiio. A. Itetlform arrangttment of the 
lymph ves.seis in tlu* int(irnoduliir zone. i. Course of the latter at the base of the luxlule. A*. Con- 
lluence of the lymph vesstds in the submucous tissue, j. Follicular tissue of the latkT. 


the same manner as these into the origins of the lacteal vessels at the attached border 
of the gut. 

Tho nerves of the small intestine are derived from the vagus and splanchnic nerves through 
the cceliac ganglia and tho plexuses around tho superior mesenteric artery. They run to the 
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myenteric plemia {Auerbach's plexus) of nerves and ganglia, situated between the 
circular and longitudinal layers ; from this plexus filaments are distributed to the muscular 
coats of the intestine. From the myenteric plexus a secondary plexus, termed the plexus of 
the suhmucosa (Meissner's plexus), is derived, and is formed by branches which have 
perforated the circular muscular layer. This plexus also contains gangha from which 
the nerve-fibres pass to the muscularis mucosse and to the mucous membrane. The nerve- 
bimdles of the submucous plexus are finer than those of the myenteric plexus. 

Keith states that ‘ Auerbach’s plexus is not composed simply of ganglionic cells and 
nerve-fibres ; it contains numerous other cells to which KoUiker called attention, and which 
may be described as Kolliker’s cells. These cells have srnall bo^es which send out numerous 
branched processes, and differ from pure sheath-cells in staining reaction and structure. 
It is through these cells that Auerbach’s tissue is linked up with the musculature of the 
bowel. The nerve-fibres which former authors have described as distributed to the 
muscular and other coats of the bowel are probably sensory in nature. Sections of 
the developing bowel show that the outer and inner muscular coats are developed from a 
germinal layer situated between them. Auerbach’s plexus represents the residue of the 
germinal or developmental intermediate layer. Probably the ganglionic cells may bo of 
central origin, but the cells of Kblfiker are apparently undifferentiated muscle-cells.’ He 
adds that in point of development Auerbach’s plexus is similar in origin to that of the 
atrioventricular bundle, and is of opinion that they are homologous.* 

The Large Intestine [Intestintjm Crassum] 

The large intestine extends from the end of the ileum to the anus, and is 
about 1*5 metres long. Its calibre is largest at its commencement at the 
caecum, and gradually diminishes as far as the rectum, where there is a dilata- 
tion of considerable size just above the anal canal. In appearance, structure, 
size and arrangement it presents certain differences from the small intestine. 
(1) It has a greater calibre. (2) For the most part, it is more fixed in position. 
(3) Its longitudinal muscular fibres do not form a continuous layer round the 
gut but are arranged in three longitudinal bands or tcenioe coli, (4) Since these 
tsenise are shorter than the circular muscular coat, the colon is puckered and 
sacculated. (5) Little, peritoneum- covered, fatty projections, termed appendices 
epiploicoB, are found scattered over the free surface of the whole of the large 
intestine, with the exceptions of the caecum, the vermiform appendix and the 
rectum. 

In its course the large intestine describes an arch which usually encloscvs tlie 
convolutions of the small intestine. It commences in the right iliac region, in a 
dilated part, termed the ccecum (fig. 1188). It ascends through the right lumbar 
and hypochondriac regions to the under surface of the liver ; here it bends 
[the right colic flexure] (fig. 1178) to the left, and, curving with a downward 
and a forward convexity, passes, as the transverse colon, across the abdomen to 
the left hypochondriac region ; it then bends again [the left colic flexure] (fig. 
1178), and descends through the left lumbar and iliac regions to the pelvis, 
where it forms a loop called the pelvic colon (fig. 1191); from this it is continued 
along the lower part of the posterior wall of the pelvis to the anus. It is divided 
into the caecum, the colon, the rectum and the anal canal. 

The caecum (fig. 1188), which is the commencement of the large intestine, 
lies in the right iliac fossa. It is a large sac which has a blind lower end but is 
continuous above with the ascending colon, and at the point where the one 
passes into the other the ileum opens into the large intestine from the medial 
side. Its average length is about 6 cm. and its breadth about 7*5 cm. It is 
situated in the right iliac fossa above the lateral half of the inguinal ligament : 
it rests on the Iliacus, from which it is separated by its covering fascia and the 
lateral cutaneous nerve of the thigh, and on Psoas major. In front it is usually 
in contact with the anterior abdominal wall, but the greater omentum, and, if 
the c^cum is empty, some coils of small intestine, may lie in front of it. As a 
rule, it is entirely enveloped by peritoneum, but in about 5 per cent, of cases 
(Berry) the peritoneal covering is incomplete, the upper part of the posterior 
surface being uncovered, and connected to the iliac fascia by areolar tissue. 
The caecum enjoys a considerable amount of movement, so that it may become 
herniated down the right inguinal canal, and it has occasionally been found in 
an inguinal hernia on the left side. 

* Proceedings of the Anatomical Society of Great Britain and Irdand^ January 1915. 
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The caecum varies in shape, but, according to Treves, it may be classified under one 
of four types. In early foetal life it is short, conical, and broad at the base, with its apex 
turned upwards and medially towards the ileocolic junction. It then resembles the caecum 
of the mangabey monkey. As the foetus grows, the caecum increases in length more than 
in breadth, so that it forms a longer tube than in the primitive form and lacks the broad 
base, but still has the same inclination of the apex towards the ileocolic junction. Tliis 
form is seen in the spider monkey. As development goes on, the lower part of the tube ceases 
to grow and the upper part becomes greatly increased, so that at birth the narrow vermi- 
form appendix hangs from the apex of a conical csecum. This is the infantile form, and as it 
persists throughout life in about 2 per cent, of subjects, it was regarded by Treves as the 
first of his four types of human cseca. The csecum is conical and the appendix rises from its 
apex. The three tsenise coli (p. 1340) start from the appendix and are equidistant from each 
other. In the second type, the conical csecum has become quadrate by the outgrowth of a 

Fig. 1188 . — ^The terminal part of the ileum, the csecum and the vermiform 
appendix. Viewed from in front. 


Ascending colon 



saccule on each side of the anterior tmriia. These saccules arc of equal size, and the appendix 
arises from the depression botweem them, instead of from the apex of a cone. This typo is 
found in about 3 per cent, of subjects. The Mril typo is the normal type for man. Here 
the two saccules, which in the second typo were uniform, have grown at unequal rates : the 
right with greater rapidity than the loft. In consequence of this an apparently new apex 
has been formed by the downward growth of the right saetiulc, and the original ape.x, with 
the appendix attached, is pushed over to the left towards the ileocolic junction, Tiio three 
tsenim still start from the base of the vermiform process, but they are now no longer eqtii- 
distant from each other, because the right saccule has grown between the anWrior and 
posterolateral tieniac, pushing thein over to the loft. This typo occurs in about 90 p(jr cent, 
of subjects. Tlie fourth typo is merely an exaggerated condition of the third ; th(*, right 
saccule is still larger, and at the same time the left saccule has become atropMcd, so that the 
original apex of the ciecum, with the vermiform appendix, is close to the ileocolic junction, 
and the anterior tsenia courses medially to the same situation. This type is present in about 
4 per cent, of subjects. 

The ileocolic valve (fig. 1189). — The lower end of the ileum opens into the 
medial and posterior aspect of the large intestine, at the point of junction of the 
csecum with the colon. The opening is provided with a valve, consisting of two 
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segments or lips, which project into the lumen of the large intestine. If the 
intestine ha^ been inflated and dried, the lips are of a semilunar shape. The 
upper lip, nearly horizontal in direction, is attached by its convex bor er to the 
Me of jMction of the ileum with the colon ; the lower hp, the longer and more 
concave, is attached to the line of junction of the ileum with the caicum. At 
the ends of the aperture the two segments of the valve coalesce, and are con- 
tinued as narrow membranous ridges around the canal for a short distance, 
forming the frenuld of the valve. The left or anterior end of the aperture is 
rounded ; the right or posterior is narrow and pointed. In the fresh condition, 
or in specimens which have been hardened in situ, the circulai muscular 
coat of the ileum is thickened to form a sphincter-like valve, wdiile the lips 
of the valve project as thick folds into the lumen of the csecum, and the opening 
between them may present the appearance of a slit or may be somewhat oval 
in shape. 


Fig. 1189. — The interior of the esecuin and the lower end of the ascending 
showing the ileocolic valve. 



Each lip of the valve is formed by a reduplication of the mucous membrane 
and of the circular muscular fibres of the intestine, the longitudinal fibn\s and 
peritoneum being continued uninterruptedly from the small to t!ic large 
intestine. 

The surfaces of the valve directed towards the ileum arc covered with villi 
and present the characteristic structure of the mucous membrane of tlu^ small 
intestine ; while those turned towards the large intestine are destitute! of villi 
and marked with the orifices of the numerous tubular glands peculiar to tlie 
mucous membrane of the large intestine. It was formerly maintained that 
this valve prevented reflux from the caecum into the ileum, but in all probability 
it acts as a sphincter round the end of the ileum and prevents the conttuits of 
the ileum from passing too quickly into the csecum ; the valve is kept in a con- 
dition of tonic contraction by impulses which reach it through the splarurhuic 
nerves. 

The vermiform appendix (fig. 1188, PI. XVII) is along, narrow, w^orm.-shaped 
tube, which springs from the posteromedial wall of the ciccum, 2 cm. or l<^s.s below 
the end of the ileum, and may occupy one of several positions* : (a) it may lie be- 
hind the caecum and the lower part of the ascending colon (postcmml anti rdrocoUc ) , 


* R. J. Gladstone and Cecil P, G. Wakeley {British Jouimal of Surgery, vol. xi. No. 43, 
1924) examined the positions of the vermiform appendix in 3000 subjects and found it to 
he postcaecal and retrocolic in 69-2 per cent., pelvic in 27-5 per cent., subcolic in 1-80 per 
cent., and pre- and postileal in 1*4 per cent. These percentages differ very markedly from 
those given by other observers. 
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(6) it may hang down over the brim of the pelvis {'pelvic or descending), (c) it may 
lie below the caecum {s'ubcolic), {d) it may lie in front of the terminal part of the 
ileum and may then be in contact with the anterior abdominal wall, and (e) it 
may lie behind the terminal part of the ileum. It varies from 2 cm. to 20 cm. in 
length, the average being about 9 cm. It is connected by a short mesentery 
to the lower part of the mesentery of the ileum. This fold, in the majority 
of cases, is more or less triangular in shape, and as a rule extends along the 
entire length of the tube. The appendicular artery lies between the two layers 
of the appendicular mesentery, and close to its free margin. The canal of 
the vermiform appendix is small, and communicates with the csBCum by an 
orifice which is placed below and a little behind the ileocolic opening. The 
orifice is sometimes guarded by a semilunar valve formed by a fold of mucous 
membrane. 

Fig. 1190. — A transverse section through the human vermiform appendix, x 20. 



Structure.- The coats of the vcrniifonn appendix are the same as those of the intestine : 

serous, muscular, submucous and mucous. The serous coat forms a comploto investment 
for the tube, except along the narrow line of attachment of its mesentery. The longitmlinal 
muscular fibres do not form three bands as in the greater part of the large intestine, but 
invest the whole organ, except at one or two points whore both the longitudinal aiul circular 
layers are deficient, so that the peritoneal and submucous (joats are (contiguous over small 
areas. The circular muscular Jibres form a thicker layer than thci longitudinal fibres, and are 
separated from them by a small amount of connective tissue. The submucotis coat is well 
developed, and contains a largo number of masses of lymphoid tissue which cause the 
mucous membrane to bulge into th<i lumen and so render the^ latter of small size and 
irregular shape. The mucous is lined with columnar ejiithelium and rescmbhfs 

that of the rest of the large intestine, but the intestinal glands are fewer in numb(.‘r 
(fig. 1190). 

The colon is divided into four parts : the ascending, transverse, descending 
and pelvic. 

The ascending colon, about 15 cm. long, is smaller in calibre than the ciccum. 
It begins at the coecum, and ascends to the under surface of the right lobe of the 
liver, where it is lodged in a shallow depression, termed the colic impression ; 
here it bends abruptly forwards and to the left, forming the right colic flexure 
(fig. 1178), It is retained in contact with the posterior wall of the abdomen by 
the peritoneum, which covers its sides and anterior surface, its posterior surface 
being connected by loose areolar tissue with the Iliacus, iliolumbar ligament, 
Quadratus lumborum, aponeurotic origin of Transversus abdominis, and with the 
front of the lower and lateral part of the right kidney. The lateral cutaneous 
nerve of the thigh, the fourth lumbar artery (as a rule) and, sometimes, the 
ilio-inguinal and iliohypogastric nerves cross behind it. Sometimes it is com- 
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pletely invested with peritoneum, and it then possesses a distinct but narrow 
mesocolon * It is in relation, in front, with the convolutions of the ileum, the 
right edge of the greater omentum and the abdominal parietes. 

The rigU colic flexure comprises the terminal part of the ascending colon and 
the commencement of the transverse colon, which turns downwards, forwards 
and to the left. Behind, it is in relation with the lower and lateral part of the 
anterior surface of the right kidney. Above and anterolateraUy, it is related to 
the right lobe of the liver ; antero medially, to the second part of the duo- 
denum and the fundus of the gall bladder. 

The transverse colon (fig. 1168), about 50 cm. long, begins at the right colic 
flexure, in the right hypochondriac region, and, passing across the abdomen into 
the left hypochondriac region, curves sharply on itself, downwards and back- 
wards, beneath the lower end of the spleen, forming the left colic flexure. In 
its course across the abdomen it describes an arch, the concavity of which is 
usually directed backwards and upwards ; towards its splenic end there is often 
an abrupt U-shaped curve which may descend lower than the main curve. 
The precise position occupied by the transverse colon is difiicult to define, for 
it not only shows variations from individual to individual but its position varies 
in the same individual from time to time. Very commonly it lies in the lower 
umbilical or upper hypogastric region, but it is often found at a higlier level, 
especially in formalin-hardened subjects. The posterior surface of its right 
extremity is devoid of peritoneum, and is attached by areolar tissue to the front 
of the second part of the duodenum and the head of the pancreas. Between the 
head of the pancreas and the left colic flexure the transverse colon is almost 
completely invested by peritoneum, and is connected to the anterior border of 
the pancreas by the transverse mesocolon. It is in relation, by its upper surface, 
with the liver and gall-bladder, the greater curvature of the stomach, and the 
lateral end of the spleen ; by its under surface, with the small intestine ; by its 
anterior surface with the anterior layers of the greater omentum and the 
abdominal parietes ; its posterior surface is in relation with the second por- 
tion of the duodenum, the head of the pancreas, the upper end of the mes- 
entery, the duodenojejunal flexure and some of the coils of the jejunum and ileum. 

The left colic flexure (fig. 1178) is situated at the junction of the transverse 
and descending parts of the colon in the left hypochondriac region, and is in 
relation with the lateral end of the spleen and the tail of the pancreas, above, 
and with the anterior aspect of the left kidney, medially ; the flexure is so acute 
that the end of the transverse colon usually lies in contact with the front of the 
descending colon. The left colic flexure lies at a higher level than, and on a plane 
posterior to, the right colic flexure (PL XVI, fig. 2), and is attached to the 
Diaphragm, opposite the tenth and eleventh ribs, by a peritoneal fold, named 
the phrenicocolic ligament, which lies in relation to the lateral end of the spleen 
(p.1314). 

The descending colon (fig. 1178), about 25 cm. long, passes downwards 
through the left hypochondriac and lumbar regions. At first it follows the 
lower part of the lateral border of the left kidney and then, at the lower pole of 
that organ, it descends, in the angle between Psoas major and Quadratus lurn- 
borum, to the crest of the ilium ; it then curves downwards and me<liaily in 
front of the Iliacus and Psoas major, and ends in the i>elvic colon at the inlet 
of the true pelvis.f The peritoneum covers its anterior surfa<^e and sidt^s, while 
its posterior surface is connected by areolar tissue with the lower and lateral 
part of the left kidney, the aponeurotic origin of the Transversus abdominis, 
the Quadratus lumborum, the Iliacus and the Psoas major (fig. 1 191 ). Numerous 
structures cross behind it. They include : — the subcostal vessels and nerve, tlu^ 
iliohypogastric and ilio-inguinal nerves, the fourth lumbar artery (as a rule), 
the lateral femoral cutaneous, femoral and genitofemoral nerves, the te.sticular 

* Treves examined one hundred subjects, and found that in fifty-two tlioro was neither 
an ascending nor a descending mesocolon ; in fourteen both were present ; while in twelve 
there was an ascending, and in twenty-two a descending, mesocolon. It follows, therefore, 
that when lumbar colotomy is performed, a mesocolon may bo expected upon the left side 
m rfb per c^t. of all cases, and on the right in 26 per cent .— Anatomy of the Intestinal 
Canal and Peritoneum m Man, 1885, p. 55. 

sometimes described as ending at the level of the iliac crest, 
the part between that level and the inlet of the true pelvis being named the iliac colon. 
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PLATE XVIII 



Radiograph of the genital tract ia the female, after an injfU'tina uf hariiim 
into the uterus. 

X=body of uterus. Note the two cornua loading to the ufc^rine tulxs, 

XX = speculum in vagina. 

The arrows indicate the infundibula of the uterine tubes. Some of’ the barium lias passed 
through the pelvic opening of the tube into the general p(*rito?ie}il ea\ ity. 
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THE PELVIC COLON 

(or ovarian) vessels and the externa] iliac artery, all of the left side. The de- 
scending colon is smaller in calibre, more deeply placed, and more frequently 
covered with peritoneum on its posterior surface, than the ascending colon 
(p. 1336 *). Anteriorly it is related to coils of the jejunum. 

The pelvic colon (fig. 1191) begins at the inlet of the true pelvis, where it is 
continuous with the descending colon ; it forms a loop which varies greatly in 
length, but averages about 40 cm., and normally lies within the pelvis. The 
loop consists of three parts ; the first part descends in contact with the left 
pelvic wall ; the second crosses the pelvic cavity, between the rectum and bladder 
in the male, and the rectum and uterus in the female, and may come into con- 


Fig. 1191. — Au oblique coronal section through the pelvis to expose the 
rectum from in front. 



tact with the right pelvic wall ; the third arches backwards and reacdu^s the 
median plane at the level of the third piece of the sacrum, where it bends down- 
ward and ends in the rectum. Tlie pelvic colon is completely surrounded by 
peritoneum, which forms a mesentery, termed the petotc mesocolon (p. 1314) ; 
this diminishes in length from the centre towards the ends of the loop, where it 
disappears, so that the loop is fixed at its junctionB with tlie descending colon 
and rectum, but enjoys a considerable ranges of movement in its central portion. 
Its relations are^ therefore subject to considerable variation. LakraUy it is 
related to the external iliac vessels, the obturator nerve, the ovary (in the 
female), the vas deferens (in the male) and the lateral pelvic wall Foskriorly 
it is related to the internal iliac (hypogastric) vessels, the ureter, the Piriformis 
and the sacral plexus, all of the left side. Injcriorly it rests on the bladder, in 
the male, and on the uterus and bladder, in the female. Above and on its right 
side, it is in contact with the terminal coil of the ileum. 

The position and shape of the pelvic colon vary very much, and depend on (a) its length ; 
{b) the length and freedom of its mesocolon ; (c) the condition of distension ; when dis- 
tended it rises out of the peivis into the abdominal cavity, and when empty it sinks again 
into the pelvis ; {d) the condition of the rectum and bladder (and the uterus, in the female) ; 
when these organs are distended the jjelvic colon tends to rise, and conversely. 
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The rectum (figs. 1191 to 1193) is continuous above with tlie pelvic colon, 
whilst below it ends in the anal canal. From its origin at the level of the third 
sacral vertebra it passes downwards, lying in the sacrococcygeal curve, and 
extends for 2 or 3 cm. in front of, and a little below, the tip of the coccyx, as far 
as the apex of the prostate. It then bends sharply backwards into the anal 
canal. It therefore presents two anteroposterior flexurc.s : an upper or mend 
flexure with its convexity backwards, and a lower or jierineal flexure with its 

Fig. 1192. — ^The rectum viewed from behind. Exposed by the removal of the 
lower part of the sacrum and tiie coccyx. 



convemty forwards. Three lateral curves are also de8crilH*d, one convex to 
the right opposite the junction of the third and fourth sacTal vertebras, a second 
convex to the left, opposite the sacrococcygeal articulation, and a third, convex 
to the J^ht, m front of the tip of the coccyx. As a result of theses lateral 
curves the rectum is not exactly in the median plane, except at its uptser and 
lower ends, the mtermediate part bulging towards the left. The rectum is about 
cm. long, and at its commencement its calibre is similar to that of the* riel vie 
colon, but near its termination it is dilated to form the rectal ampulla. It hew no 
saoeulations comparable to those of the colon, but when the lower part of it is 
contracted its mucous membrane is thrown into a number of folds, which are 
longitudmal m direction and are effaced by the distension of the gut. Besides 
no,®, certairi permanent horizorUal folds of a semilunar shape (fig. 

flip I'r, jf ® *^ee of these horizontal folds, but sometimes four or 

ave, and frequently only two, are present. One is situated near the commence- 
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ment of the rectum, on the right side ; a second extends inwards from the left 
side of the tube at a slightly lower level ; a third, the largest and most constant, 
projects backwards from the fore part of the rectum, opposite the fundus of the 
urinary bladder. When a fourth is present, it is situated nearly 2-5 cm. above 
the anus, on the left and posterior wall of the tube. These folds are about 
12 mm. in width and contain some of the circular fibres of the gut. In the 
empty state of the intestines they overlap each other so effectually that consider- 
able manoeuvring is required to conduct a bougie or the finger along the canal. 
Their use seems to be ^ to support the weight of fsecal matter, and prevent its 
urging towards the anus, where its presence always excites a sensation demand- 
ing its discharge.’ * 

The peritoneum is related to the upper two-thirds of the rectum, covering 
at first its front and sides, but lower down its front only ; from the latter it is re- 
fiected on to the bladder in the male and the posterior vaginal wall in the female. 

The level at which the peritoneum is reflected from the rectum to the viscus 
in front of it is higher in the male than in the female. In the former the height 
of the rectovesical pouch is about 7*5 cm. (i.e. the height to which an ordinary 
index finger can reach) from the anus. In the female the height of the recto- 
uterine pouch is about 5*5 cm. from the anal orifice. The lower part of the 
rectum is surrounded by a dense tube of fascia which consists of a localised 
thickening and compression of the extraperitoneal tissue ; this fascial tube 
is loosely attached to the rectal wall by areolar tissue, in order to allow of 
distension of the viscus. 


Relations of the rectum. — The upper part of the rectum is in relation, behind, 
with the lower three sacral vertebr^n, the coccyx and the anococcygeal raphe, in 
the median plane, but the median sacral 

vessels, the ganglion impar and, at its Fio. 11 03.-~“A coronal section through 
upper end, the superior rectal vessels the rectum and anal canal. 


intervene. On each aide of the median 
plane, but especially on the loft side, the re(i- 
tum lies in front of the Piriformis muscle, 
the third, fourth, and fifth sacral and the 
coccygeal nerves, the sympathetic trunk, 
the lower lateral sacral vessels, the Coccy- 
geus and the Levator aiii muscles ; it is 
attached to the sacrum along the lines of 
the sacral foramina by fibro-areolar tissue 
which surrounds the sacral nerves and the 
branches of the superior rectal vessels 
passing to the bowel. Infro7it, the rectum 
is related, above, to the rectovesical pouch 
of the peritoneum, in the male, to the 
recto-uterine pouch in the female. These 
pouches contain the terminal coils of the 
ileum, and frequently the pelvic colon. 
Below the rectovesical pouch in the 
male the anterior surface of the rec- 
tum is in relation with a portion of the 
base of the bladder, the vesiculio semin- 
ales and vasa deferentia. The rectal 
ampulla is related in front to the posterior 
surface of the prostate, a loose, cellular 
interval separating it from the recto- 



vesical fascia, which forms the posterior 

wall of the prostatic sheath ; below the recto-uterine pouch in the female, 


it is in relation with the posterior wall of the vagina. 


* Paterson {Journal of Anatomy and PhyHology, vol. xliii.) utilised the third fold for the 
purpose of dividing the rectum into an upper and a lower portion ; he considered the latter 
‘to be ju.st as much a duct as the narrower anal canal below,’ and maintained that, under 
normal conditions, it does not contain fieoes except during the act of deficcation. Hurst 
(Constipation, Oxford University Press, 1919) believes that the pelvic colon acts as a 
reservoir and that, in normal individuals, the passage of faeces from the pelvic colon into 
the rectum is always followed by the desire to defajcate. 
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The anal canal (fig. 1193) begins at the level of the apex of the prostate, is 
directed downwards and backwards through the pelvic floor, and ends at the 
anus. It forms an angle with the lower part of the rectum, and is from 2 to 
3 cm. long. It has no peritoneal covering, but is invested by the Sphincter ani 
internus, supported by the Levatores ani, and surrounded at its termination by 
the Sphincter ani externus. In the empty condition it presents the appearance 
of an anteroposterior longitudinal slit. Behind, it is in contact with a mass of 
muscular and fibrous tissue, termed the amcoccygeal body (Symington) ; in 
front, it is separated by the perineal body from the membranous part of the 
urethra, and the bulb of the penis in the male, and from the lower end of the 
vagina in the female. 

The upper half of the anal canal is lined by mucous membrane which presents 
from six to ten vertical folds known as the anal (rectal) columns. These 
columns are usually well marked in the new-born child (fig. 1 D4), but are often 
ill-defined in the adult. They are produced by mfoldings of the mucous mem- 
brane and of some of the longitudinal muscular tissue, and each contains a 
small artery and vein. They are separated from one another by furrows, and 
end below in small crescentic valve-like folds, termed anal valves ; these valves 
join together the lower ends of the anal columns, and each forms the inner wall 
of a small pouch or anal sinus. 

The lower half of the anal canal is lined with skin (p. 172) and exhibits a 
series of folds extending upwards from the anus towards the anal columns. The 
junction of the skin and mucous membrane is indicated by a white line, which 
is somewhat wavy ‘ owing to the interlocking of the cutaneou.s and mucous 
folds ’ (Symington). 

The anus or anal orifice is the lower aperture of the anal canal, and is 
situated in front of the apex of the coccyx in the cleft between the buttocks. 
The skin surrounding it is thrown into a series of folds whicli conv<Tge towards 
the orifice and are continued upwards into the lower part of the anal canal. 


Structure of the large intestine. — The largo intostino has four coats : mjrouM, ruuscular, 
areolar and mucous. 

The serous coat is derived from the peritoneum, and invests the portioris of 

the large intestine to a variable extent (vide ante). In thti course! of ilm colon the jxTi- 
toneal coat is thrown into a number of small pouches lilled witli fat, called appendices 
epiploicoB. They are most numerous on the transverse colon. 

The muscular coat consists of an external longitudinal, and an inUTiuiI circular layer 
of non-striped muscular fibres. 

The longitudinal fibres do not form a continuous layer over the whole surface t>f the 
large intestine. In the cjecum and colon they are collected into three long! tu< Una! bamls 
(tcenice coli), each of about 12 mm. in width ; one (the taenia mesocolica) is placet! along the 

attached border of the intt-stiae ; the 


Fig. 1194. — The interior of the anal canal of 
a new-born child. 



Anal valve 


second and largest (the imnia mnentalis) 
corresponds, along the curve of iht* trans- 
verse colon, witli the attachment of the 
greater omentum, but is pla<.*tHl anteriorly 
in the ascending, demuiding and ja^lvic 
parts of the colon ; the third tamia 
libera) is found on tiwf medial sides of the 
ascending and descending parts of the 
colon, and on the undtu* surfacrc of the 
transvci'se colon. 'Phest* bamls arc shorter 
than the other coats of the intestine, and 
serve to pnxiuce the saccuU which are 
characteristic of the ciecum and colon ; 
accordingly, when they are diss<.;cted ofT, 
the tube can l>o lengthened, and its sacjcu- 
lated character becomes lost. In the iHdvie 
colon the longitudinal filia's become more 


scattered; and round the rectum they 
spread out and form a layer, which completely encircles this portion of the gut, but is 
thicker on the anterior and posterior surfaces, so that an anterior and a posterior band can 
be recognised. At the rectal ampulla, a few strands of the anterior longitudinal libn»s pass 
forwards to the perineal body (fig. 608) ; they constitute the recto-uretkralis 7 fiuscle. in 
addition, two fasciculi of plain muscular tissue arise from the front of the second and 
third coccygeal vertehrse, and pass downwards and forwarxis to blend with tlxe Ion- 
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gitudinal muscular fibres on the posterior wall of the anal canal. These are known as the 
Rectococcygeal muscles, A thin stratum of involuntary muscular fibres radiates from the anal 
orifice and is named the Corrugator cutis ani. Centrally the fibres fade off into the sub- 
cutaneous tissue ; externally they blend with the true skin. 

The circular fibres form a thin layer over the caecum and colon, being especially accumul- 
ated in the intervals between the sacculi ; in the rectum they form a thick layer, and in the 
anal canal they become numerous, and constitute the Sphincter ani internus. 

The Sphincter ani internus is a muscular ring which surrounds the upper 2-5 cm. of the 
anal canal ; below, it is in contact with the Sphincter ani externus and, posteriorly and on 
each side, it is covered by the Puborectalis. It assists the Sphincter ani externus and the 
Puborectalis to occlude the anal canal. 

The areolar coat connects the muscular and mucous layers closely together. 

The mucous membrane of the caecum and colon is pale, smooth, destitute of villi, and 
raised into numerous crescentic folds which correspond with the intervals between the 
sacculi ; that of the rectum is thicker, of a darker colour, more vascular and connected 
loosely with the muscular coat. 


Fig. 119“).^ — A section through the mucous membrane of the human rectum. 

X 60. (Sobotta.) 


Leucocytes in epithelium 


Gland 



As in the small intestine, the mucous membrane consists of a muscular layer [lamina mus- 
cularis mucosso] ; a quantity of retiform tissue in which the vessels ramify ; a basement- 
membrane, and an epithelium which is of the columnar variety and resembles the epithelium 
found in tlio small intestine. The mucous membrane of the large intestine presents for 
examination glands and solitary lymphatic nodules. 

The glands of the largo intestine are minute tubular prolongations of the mucous mem- 
brane arranged perpendicularly to its surface ; they are longer, more numerous, and placed 
in much closer apposition than those of the small intestine ; and they open by minute 
rounded orifices upon the surface, giving it a cribriform appearance. Each gland is lined 
with short columnar epithelium, the majority of the cells being goblet-cells. 

The solitary lymphatic nodules (fig. 1195) of the large intestine are most abundant iri 
the c<ecum and vermiform appendix, but are irregularly scattered over the rest of the large 
intestine also. They are similar to those of the small intestine. 

The structure of the vermiform appendix is described on p. 1335. 

Vessels and Nerves — The arteries supplying the colon are derived from the colic branches 
of the mesenteric arteries. They give off large branches, which ramify between and supply 
the muscular coats, and after dividing into small vessels in the submucous tissue pass to the 
mucous membrane. The rectum is supplied by the superior rectal (luemorrhoidal) branch 
of the inferior mesenteric, and the anal canal by the middle rectal from the internal iliac 
(hypogastric), and the inferior rectal from the internal pudendal artery. The superior rectal 
(the continuation of the inferior mesenteric) divides into two branches, which run down one 
on each side of the rectum ,* they divide into a number of branches, which pierce the mus- 
cular coat and descend between it and the mucous membrane in the anal columns as far 
as the Sphincter ani internus, where they anastomose with the other rectal arteries and 
form a series of loops around the anus. The veins of the rectum commence in a plexus of 
vessels which surrounds the anal canal. In the vessels forming this plexus small saccular 
dilatations occur just within the margin of the anus ; from the plexus about six vessels of 
considerable size are given off. These ascend between the muscular and mucous coats, 
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running paraUel to one another ; at about the middle of the rectum they pierce the muscular 
coat, aSd, by their union, form a single trunk [the superior rectal vein]. Ihis arrangement 
is termed the rectal {hcemorrhoidal) plexus ; it coninmnieates v, ith the tributaries of the 
middle and inferior rectal veins, at its commencement, and thus a coinmunicatioii is estab- 
lished between the systemic and portal circulations. The 7ierves arc derived f roni the second, 
third and fourth sacral nerves (parasympathetic), and from the sympathetic, tlirough the 
pelvic plexuses. They are distributed in a similar way to those found in the sniall intestine. 

The lymph glands and vessels of the large intestine are described on pp. 8/0. 

Applied Anatomy. — The small intestine is much exposed to injury, but, in consequence 
of its elasticity and the ease with which one coil glides over another, it is not so frequently 
ruptured as would otherwise be the case. Any part of it may be ruptured, but [irobably 
the most common situation is the third part of the duodenum, because it is morci fixed than 
other portions of the howel, and because it is situated in fioiit of the \<Tt<,d,)ral column, 
so that if this portion of the intestine is struck by a sharp blow, such as the kick of a horse, 
it is unable to glide out of the way, but is compressed against the l>one and so lacicratcd. 
The small intestine, and most frequently the ileum, may become strangulatiid by internal 
bands, or through apertures, normal or abnormal. Intussusception, most c‘ommonly an 
invagination of the small intestine into the large, may take place ; it may attain gnfat size, 
and it is possible in these cases to find the ileocolic valve projecting from the anus. 
Stricture, the impaction of foreign bodies, and twisting of the gut (vohulus) may also lead 
to intestinal obstruction. 

The vermiform appendix is very liable to become inflamed, because it contains a r< datively 
large amount of lymphoid tissue, which is prone to bacterial infection. In many eases the 
mflammation is set up by the impaction in it of a solid mass of faeces or a foitdgn body, or 
by the inspissation of its mucous secretion in catarrhal conditions. The inflammation may 
result in ulceration and perforation, or if very acute in gangrene of the organ. Tlu‘ae condi- 
tions generally require immediate operative interference. 

In external hernia the ileum is the portion of bowel most frequently hernia t<‘<L When 
a part of the large intestine is involved it is usually the ca«euin or tlui ladvic <?olon. in some 
few cases the vermiform appendix has been the part implicated in strangulatf^nl hernia. 

The calibre of the large intestine gradually diminishes from the <jaHnim, wiiiidi has the 
greatest diameter of any part of the bowel, to the point of junction of the pelvic, colon with 
the rectum. At or a little below this point stricture most commonly <:»•<• 111 * 8 , and <limini8he8 
in frequency as one proceeds upwards to the csecum. When distended by Home olistruotion 
low down, the outline of the large intestine can be defined throughout nearly whole of 
its course — all, in fact, except the right and left colic flexurcH, which art^ mont deeply 
placed ; the distension is most obvious in the flanks and on the front of tlu*. abdomen just 
above the umbilicus. The cseoum, however, is the portion of the bc>w(‘I which lK*<fornes most 
distended. It may assume enormous dimensions, and may rujitun? from diHhuision, 
leading to rapidly fatal peritonitis. The mobility of the |>elyic colon renders it more liable 
to become the seat of a volvulus or twist than any other part of the int<*Htine. Tiiis gi*iujrally 
occurs in patients who have been the subjects of habitual constipation, and in u horn, there- 
fore, the mesocolon is elongated. 

Hernia — The two chief sites at which external hernia may takt,^ place arc the inguinal 
region and the femoral canal. The description of the inguinal tsanal and its relations will 
be found on p. 571 and that of the femoral canal on p. 785. I’hc jHTitoncal arciiH con- 
cerned are described on p. 1309. 

In the usual position of the parts, the floor of the lateral inguinal fossa corriLSpomk to the 
deep (abdommal) inguinal ring, and into this fossa an oblique inguinal herrtia diLsccnds. On 
the medial side of the epigastric fold are the medial inguinal and thij supra vi^sical fossas 
and through either of these a direct hernia may descend. I'he wliole of the space kdween 
the inferior epigastric artery, the margin of the Rectus alxloniinis, and the inguinal liga- 
ment, is known as the inguinal triangle. 

Inguinal Aem^a.—Inguinal hernia is that form of protruHion which makes its way 
through the abdommal wall in the inguinal region. There are two princijial varieties : 
lateral or oblique, and medial or direct. 

In oblique inguinal hernia the intestine escajxs from the? alKlominal cavity at the 
deep inguinal ring, pushing before it a pouch of j>eritoneum wliich forms the hernial sac. 
As it enters the mguinal canal it receives an investment from the e.xtrajfH'rit< tiif.il tissue and 
passes into the internal spermatic fascia w*hich encloses the constituents of the sjau'matic 
cord. In passing along the inguinal canal it displaces upwards tins arehed tihn'S of the 
Transversus and Obliquus internus, and receives a covering of Creunaster mnsrU* and eremas- 
teric fascia. It lies in front of the constituents of the 8|H>rmiitie eotxi and eHea|M*s from the 
mguinal canal at the superficial inguinal ring, becoming invested by the exttumal s|RTmatic 
fascia. Lastly it descends into the scrotum, receiving cov*eringH fnaii the Huiw^rlii'ial fascia 
and the skin. 

^ The site of strangulation in oblique inguinal hernia is either the dwp or the sui>erficial 
mguinal ring ; most frequently at the former situation. If it is situated at the superficial 
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ring, the division of a few fibres at one point of the circumference is all that is necessary for 
the replacement of the hernia. If at the deep ring, it is necessary to divide the aponeurosis 
of the Obliquus externus so as to lay open the inguinal canal ; in dividing the aponeurosis 
the incision should be directed parallel to the inguinal ligament, and the constriction at the 
deep ring should then be divided in an upward direction. 

The great majority of varieties of oblique inguinal hernia depend upon congenital defects 
in the processus vaginalis, the pouch of peritoneum which precedes the descent of the testis. 
Normally this pouch is closed before birth, closure commencing at two points, viz. at the 
deep inguinal ring and at the top of the epididymis, and gradually extending until the 
whole of the intervening portion is converted into a fibrous cord. From failure in the com- 
pletion of this process, variations in the relation of the hernial protrusion to the testis and 
tunica vaginalis are produced ; these constitute distinct varieties of inguinal hernia, viz. 
the hernia of the funicular process and the complete congenital variety. 

Where the processus vaginalis remains patent throughout, the cavity of the tunica vagin- 
alis communicates directly with that of the peritoneum. The intestine descends along this 
pouch into the cavity of the tunica vaginalis, which constitutes the sac of the hernia, and 
the gut lies in contact with the testis. Though this form of hernia is termed complete 
congenital (fig. 1196), the term does not imply that the hernia existed at birth, but merely 
that a condition is present which may allow of the descent of the hernia at any moment. 
As a matter of fact, congenital hernitn frequently do not appear till adult fife. 

Where the processus vaginalis is occluded at the lower point only, i.e. just above the 
testis, the intestine descends into the pouch of peritoneum as far as the testis,, but is pre- 

Fig. 1196. — ^The varieties of oblique inguinal hernia. 



Inconiploto congou ital 


Coiupicto congenital 


vented from entering the sac of the tunica vaginalis by the septum which has formed be- 
tween it and the pouch. This is known as hernia into the funicular process or incomplete 
congenital hernia (fig. 1196) ; it differs from the former in that instead of enveloping the 
testis it lies above it. 

In direct inguinal hernia the protrusion makes its way through some part of the inguinal 
triangle, either through (a) the lateral part, where only extraporitoncal tissue and trans- 
versalis fascia intervene between the peritoneum and the aponeurosis of the Obliquus 
externus ; or through (b) the conjoint tendon, which stretches across tlio medial two-tliirds 
of the triangle between the artery and the median plane. In the former the hernial pro- 
trusion escapes from the abdomen on the lateral side of the conjoint tendon, pushes before 
it the peritoneum, extraperitoneal tissue and transversalis fascia, and enters the inguinal 
canal. It passes along nearly the whole length of the canal and finally emerges from the 
superficial ring, receiving an investment from the external spermatic fascia. The coverings 
of this form of hernia are similar to those of the oblique form, except that a portion derived 
from the general layer of transversalis fascia replaces the internal spermatic fascia so that 
the hernia lies between the innermost and the middle covering of the spermatic cord. 

In the second form, which is the more frequent, the hernia is either forced through the 
fibres of the conjoint tendon, or the tendon is gradually distended in front of it so as to form 
a complete investment for it. The intestine then enters the lower end of the inguinal canal, 
escapes at the superficial ring, lying on the medial side of the cord, and receives additional 
coverings from the external spermatic fascia, the superficial fascia and the skin. The 
coverings of this form therefore differ from those of the oblique form in that the con- 
joint tendon is substituted for the Cremaster, and the internal spermatic fascia is replaced 
by a portion of the general layer of the transversalis fascia. It may be observed that in all 
the varieties of inguinal hernia the most superficial covering is an investment from the 
external spermatic fascia and is identical with the outermost covering of the spermatic 
cord. An oblique inguinal hernia lies within the spermatic cord and shares all its coverings, 
but the covering which a direct heniia acquires from the transversalis fascia is distinct from 
the covering which the spermatic cord receives from that layer. 
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Direct inguinal hernia is of much less frequent occurrence than oblique, and is found 
more often in men than in women. The main difEerences in position between it and the 
oblique form are : (a) it is placed over the os pubis and not in the course of the inguinal 
canal ; (b) the inferior epigastric artery runs on the lateral or iliac side of the neck of the 
sac ; and (c) the spermatic cord lies along its lateral and posterior sides, not directly behind 
it as in oblique inguinal hernia. A direct hernia is always of the acquired variety. 

The seat of stricture in both varieties of direct hernia is usually found either at the 
neck of the sac or at the superficial ring. In that form which perforates the conjoint 
tendon it may occur at the edges of the fissure through which the gut passes. In all cases of 
inguinal hernia, whether direct or oblique, it is proper to divide the stricture directly up- 
wards ; by cutting in this direction the incision is made parallel to the inferior epigastric 
artery, and all chance of wounding the vessel is thus avoided. 

F&moral hernia , — In femoral hernia the protrusion of the intestine takes place through 
the femoral ring. As already described (p. 785), this ring is closed by the femoral septum, 
a partition of modified extraperitoneal tissue ; it is therefore a weak spot in the abdominal 
wall, and especially in the female, where the ring is larger, and where profound changes 
are produced in the tissues of the abdomen by pregnancy. Femonil hernia is therefore more 
common in women than in men. 

When a portion of the intestine is forced through the femoral ring, it carries before it a 
pouch of peritoneum which forms the hernial sac. It receives an investment from the 
extraperitoneal tissue or femoral septum, and descends along the femoral canal as far as the 
saphenous opening (fossa ovalis) ; at this point it changes its course, being prevented from 
extending farther down the sheath on account of the narrowing of the latter, and its close 
contact with the vessels, and also the close attachment of the superficial fascua and femoral 
sheath to the lower part of the circumference of the saphenous opening. The tumour is 
consequently directed forwards, pushing before it the cribriform fascia, and then curves up- 
wards over the inguinal ligament and the lower part of the aponeurosis of the Obliquus 
extemus, being covered by the superficial fascia and skin. While the hernia is contained in 
the femoral canal it is usually of small size, owing to the resisting nature of the surrounding 
parts, but when it escapes from the saphenous opening into the loose areolar tissue of the 
groin it becomes considerably enlarged. The direction taken by a femoral hernia is at first 
downwards, then forwards and upwards ; in the application of taxis for the reduction 
of a femoral hernia, therefore, pressure should be directed in the mverm order, and the 
thighs should be passively flexed in order that the greatest degree of relaxation may 
be obtained. 

The coverings of a femoral hernia from within outwards are : iK>ritonoum, femoral 
septum, femoral sheath, cribriform fascia, superficial fascia and skin. Sir Astloy Cooper 
described an investment for femoral hernia under the name of fascia propria^ lyiiig immedi- 
ately external to the peritoneal sac but frequently separated from it by some adipose 
tissue. Surgically it is important to remember the frequent existence of this layer on atjcount 
of the ease with which an inexperienced operator may mistake the fascia for the i)eritonoal 
sac and the contained extraperitoneal fat for omentum, as there is ofUm a great excess of 
subperitoneal fatty tissue enclosed in the ‘ fascia propria.’ In many castm it resfunbles a 
fatty tumour, but on further dissection the true hernial sac will bo found in the cu^ntro of the 
mass of fat. The fascia propria is merely a modified femoral 84q>tum whicdi had l)een 
thickened to form a membranous sheet by the pressure of the hernia. 

When the intestine descends along the femoral canal only as far as the stiphc^nous oj)emng 
the condition is known as incomplete femoral hernia, in contradistinction to the complete 
hernia, which has passed through the opening. The small size of the protrusion in the 
mcomplete form of hernia, on account of the firm and resisting nature of the canal in which 
it is contained, renders it an exceedingly dangerous variety of the disease, from the extreme 
difficulty of detecting the existence of the swelling, especially in corjjulent subjects. 

The site of strangulation of a femoral hernia varies : it may be at the neck of the hernial 
sac ; in the greater number of cases it is at the point of junction of tlio falciform maigin of 
the saphenous opening mth the free edge of the pectineal part of the inguinal ligament 
(lacunar ligament) ; or it may be at the margin of the saphenous opening. The stricture 
should in every case be divided in a direction upwards and medially for a distarme of about 
4 mm. to 6 mm. All vessels or other structures of importance in relation to the nc‘<;k of tlie 
sac will thus be avoided. 

The pubic tubercle forms an important landmark in serving to differentiate the inguinal 
from the femoral variety of hernia. The neck of the inguinal protrusion is above and 
medial to the tubercle, while the neck of the femoral protrusion is below and lateral to it. 


The Pajtcbeas 

compound racemose gland, analogous in its structure to 
the sauvary glands, but softer, and less compactly arranged. It is flattened 
and elongated, measuring from 12 cm. to 15 cm. long. Its broad, right extremity 
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is called the head, and is connected to the main portion, or body, by a slightly 
constricted neck ; its narrow, left extremity forms the tail. It passes obliquely 


Fig. 1197. — The pancreas and duodenum. Anterior aspect. 


RigU codiac ganglion 


Hepatic a. 


Portal V. {cut) 


Left gastric a. 


'st 

duodenal a. 


Splenic a. 


Uncinate 


process of 


pancreas 


it'. 








ffJk 




h 




■Mm 




Psoas magor 

Right testicular '^ / 

vessels / 

Right ureter 

Inf. pancreaticoduodenal aJ 


Duodenojejunal flexure 


\ left colic a. 

\ Left testictUar 

\ vessels 

Inferior mesenteric v. 


I Left ureter 

Sympathetic trunk 


Upwards and to the left, across the posterior wall of the abdomen, at the back 
of the epigastric and left hypochondriac regions. 

Relations (figs. 1197 to 1199). — The head, flattened from before backwards, 






1346 SPLANCHNOLOGY 

is lodged within the curve of the duodenum. Its upper border is overlapped by 
the first part of the duodenum ; the other borders are grooved to receive the 
adjacent margin of the duodenum, which they overlap in front and behind to a 
variable extent. At the angle of junction of the lower with the left lateral 
border there is a prolongation named the uncinate process, which projects up- 
wards and to the left behind the superior mesenteric vessels. In or near the 
groove between the duodenum and the right lateral and lower borders anteriorly 
are the anastomosing superior and inferior pancreaticoduodenal arteries. 

Anterior surface . — From the upper part of the front of the head of the 
pancreas, the neck juts forwards, upwards and towards the left, to be continued 
into the body of the pancreas. The boundary between the head and neck, on 
the right side, is a groove for the gastroduodenal artery ; on the left side a deep 
notch intervenes between the head and the neck, and in it the superior mesen- 
teric and splenic veins unite to form the portal vein. Below and to the right of 


Tig. 1198. — The pancreas and duodenum. Posterior surface. 
(From a model by His.) 

Superior mesenteric artery 



the neck the anterior surface of the head is in contact with the transverse colon, 
only areolar tissue intervening, while still lower the surface is covered with 
peritoneum continuous with the inferior layer of the transverse mesocolon 
(fig. 1161), and is in contact with a coil of the jejunum. The uncinate process 
is crossed by the superior mesenteric vessels. 

Posterior surface . — The posterior surface of the head of the pancreas is in 
relation with the inferior vena cava, which runs upwards behind it and covers 
nearly the whole of this aspect. In addition, it is related to the terminal parts 
of the renal veins and the right crus of the Diaphragm. The uncinate process 
passes in front of the aorta. The bile duct lies either in a groove on the tipper 
and lateral part of the posterior surface of the head of the pancreas or in a 
canal in its substance (McConnell *). 

The neck, about 2 cm. long, is confluent below and to the rigiit with the 
anterior surface of the head ; it extends upwards and to the left, and merges 
imperceptibly into the body. Its anterior surface is covered wdth peritoneum 
and supports the pylorus, a portion of the lesser sac of the peritoneum (omental 
bursa) intervening ; the gastroduodenal and the superior pancreaticoduodenal 
arteries descend in front of the gland at the right side of the junction of the neck 
with the head ; its posterior surface is in relation with the superior mesenteric 
vein and the beginning of the portal vein. 

* J oumal of Anatomy and Physiology, vol. xlix. 
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The body is somewhat prismoid in shape, and has three surfaces : anterior, 
posterior and inferior. 

The anterior surface is concave, and is directed forwards and upwards; 
it is covered with peritoneum and is separated from the stomach by the lesser 
sac. 

The posterior surface is devoid of peritoneum, and is in contact with the 
aorta and the origin of the superior mesenteric artery, the left crus of the 
Diaphragm, the left suprarenal gland and the left kidney and its vessels. It 
is intimately related to the splenic vein, which courses from left to right and 
separates it from the structures mentioned. 

The inferior surface is narrow on the right but broader on the left, and is 
covered with peritoneum ; it lies upon the duodenojejunal flexure and on some 
coils of the jejunum ; its left extremity rests on the left colic flexure. 


Fia. 1199. — ^The pancreatic duct. 



The superior border is blunt and flat to the right ; narrow and sharp to 
the left, near the tail. A process, termed the tuber omeMale, usually projects 
from the right end of the superior border above the level of the lesser curvature 
of the stomach, and is in contact with the posterior surface of the lesser omen- 
tum. It is in relation above with the coeliac artery, from which the hepatic 
artery courses to the right just above the gland, while the splenic artery runs 
towards the left following a wavy course along this border. 

The anterior border separates the anterior from the inferior surface, and 
along this border the two layers of the transverse mesocolon diverge from each 
other : one passing upwards over the anterior surface, the other backwards 
over the inferior surface. 

The inferior border separates the posterior from the inferior surface : the 
superior mesenteric vessels emerge under its right extremity. 

The tail is narrow, and usually lies in contact with the inferior part of the 
gastric surface of the spleen. It is contained within the two layers of the 
lienorenal ligament and is closely related to the splenic vessels. 

The pancreatic duct traverses the pancreas from left to right, lying nearer 
its posterior than its anterior surface (fig. 1199). It begins by the junction of 
the small ducts of the lobules situated in the tail of the pancreas, and, running 
from left to right through the body, receives the duets of the various lobules 
composing the gland. Considerably augmented in size, it reaches the neck of 
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the pancreas, and turning downwards, backwards, and to the right, comes into 
relation with the bile duct, which lies to its r^ht side. Together the two ducts 
pass ohhquely into the wall of the second part of the duodenum, and there 
unite to form a short dilated duct, named the ampulla of the Me duct The 
constricted distal end of this ampulla opens on the summit of the duodenal 
papilla, which is situated within this part of the duodenum at the junction of rts 
maHifll and posterior walls, from 8 cm. to 10 cm. distal to the pylorus. The 
pancreatic duct, near the duodenum, is about the size of an ordmary qiull. 
Sometimes the pancreatic duct and the bile-duct open separately into the 
duodenum. Frequently there is an additional duet, which receives the duets 
from the lower part of the head, and is known as the accessory pawreaHc duct 
(fig. 1199). It runs upwards in front of the pancreatic duct, to which it is con- 
nected by a communicating duct, and opens into the duodenum about 2 cm. 
above and slightly ventral to the duodenal papilla. 

Structure (fig. 1200).— -In structure, the pancreas resembles the salivary glands. It 
differs from them, however, in certain particulars, and is looser and softer m its texture. 

Tig. 1200. — A section through a part of the human pancreas. Stained with 
haematoxylin and eosin. x 400. 



It is not enclosed in a distinct capsule, but is surrounded by areolar tissue, which dips into 
its interior, and connects together the various lobules of which it is composed. Each lobule, 
hke the lobules of the salivary glands, consists of one of the ultimate ramifications of the 
main duct, ending in a number of alveoli, which are tubular and somewhat convoluted. 
The minute ducts (intercalary ducts) connected with the alveoli are narrow and lined with 
flattened cells. In some animals spindle-shaped cells occupy the centre of the alveolus 
and are known as centro-aciTUir cells. The true secreting cells, which line the wall of the 
alveolus, are columnar in shape and present two zones ; an outer, clear and faintly striated, 
next the basement-membrane, and an inner, which contains secretory granules. In 
hardened specimens the outer zone stains deeply with basic dyes, whereas the inner zone 
stains slightly. During activity the granular zone gradually diminishes in size ; during the 
resting stages it gradually increases until it forms nearly three-fourths of the cell. In some 
of the secreting cells of the pancreas there is a spherical mass, staining more easily than the 
rest of the cell ; this is termed the paranucleus, and is believed to be derived from the 
nucleus. Between the alveoli collections of cells are found in certain parts, which are 
termed interalveolar cell-islets, or islands of Langerhans. The cells of these stain lightly with 
haematoxylin or carmine, and are more or less polyhedral in shape, forming a network in 
which many capillaries ramify. There are two main types of cell in the islets, distinguished 
as A-cells and B-cells according to the special staining reactions of the granules they 
contain. The cell-islets are believed to produce insuJhi, the internal secretion of the 
pancreas which is necessary for carbohydrate metabolism. 
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The wall of the pancreatic duct is thin, consisting of two coats, an external fibrous and 
an internal mucous ; the latter is smooth, lined with columnar epithelium, and furnished 
near its termination with a few scattered follicles. 

Vessels and Nerves. — The arteries of the pancreas are derived from the splenic artery, 
and from the pancreaticoduodenal branches of the hepatic and superior mesenteric arteries. 
Its veins open into the portal, splenic and superior mesenteric veins. Its lymph vessels 
are described on p. 868. Its nerves, derived from the vagus and splanchnic nerves, reach it 
through the splenic plexus. 

Applied Anatomy. — Cysts of the pancreas may attain a large size, and cause symptoms 
by pressing on the stomach, Diaphragm or bile-duct. They generally push their way for- 
wards between the stomach and transverse colon, and may then be felt in the upper part of 
the abdomen as a definite tumour in the median plane. The tumour is fixed and does not 
move with respiration. The pancreas is often the seat of cancer ; this usually affects the 
head, and therefore speedily involves the bile-duct, leading to persistent jaundice ; or it 
may press upon the portal vein, causing ascites, or involve the stomach, causing pyloric 
obstruction. The second part of the duodenum is occasionally encircled by the head of the 
pancreas, and should the latter then be the seat of malignant disease or chronic inflamma- 
tion it may cause obstruction of the duodenum. 


The Liver (Hepae) (figs. 1201 to 1203) 

The liver, the largest gland in the body, is situated in the upper and right 
parts of the abdominal cavity, occupying almost the whole of the right hypo- 
chondrium, the greater part of the epigastrium, and not uncommonly extending 
into the left hypochondrium as far as the mammary line. In the male it weighs 


Fio. 1201. — The superior, anterior, and right lateral surfaces of the liver. 
(From a model by His.) 
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from 1*4 to 1*6 kilogm., in the female from 1*2 to 1-4 kilogm. It is relatively 
much larger in the foetus than in the adult, constituting, in the former, about 
one-eighteenth, and in the latter, about one-thirty-sixth of the entire body 
weight. Its greatest transverse measurement is from 15 cm. to 20 cm. Vertic- 
ally, near its right surface, it measures from 15 cm. to 17 cm., while its greatest 
anteroposterior diameter is on a level with the upper end of the right kidney, 
and is from 12 cm. to 15 cm. ; opposite the vertebral column this diameter is 
reduced to about 7 cm. Its consistence is that of a soft solid ; it is, however, 
friable and easily lacerated ; its colour is a dark reddish-brown. 

When the liver has been hardened in situ it presents the appearance of a 
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W6(ige, til© bas© of which, is dir©ct©d. to th© right and. th© ©dg© to th© l©ft. Sym- 
ington d©scribes its shape as that ‘ of a right-angled triangular prism with th© 
right angles rounded off.’ 

The hver possesses five surfaces, which will be described later, viz. superior, 
inferior, anterior, posterior, and right. 

Borders, — ^The superior, anterior, and right surfaces are united by rounded 
borders, but a sharp margin, termed the inferior border, separates the right 
lateral and anterior surfaces from the inferior or visceral surface. Somewhat 
rounded where it intervenes between the right lateral and inferior surfaces, it is 
thin and sharp where it forms the lower margin of the anterior surface and is 
marked by a notch, termed the notch of the ligamentum teres, in or near the 
median plane. Lateral to the fundus of the gall bladder, which often corre- 
sponds to a second notch placed 4 to 5 cm. to the right of the median plane, this 
border generally corresponds with the costal margin. To the left of the fundus 
of the gall-bladder, it ascends less obliquely than the right costal margin and, 
crossing the infrasternal angle, passes behind the left costal margin in the 
neighbourhood of the tip of the eighth costal cartilage. Thereafter it ascends 
sharply and merges with the thin left margin of the left lobe. As it crosses the 
infrasternal angle the inferior border is closely related to the deep surfiice of the 
anterior abdominal wall and is readily accessible to examination by palpation 
or percussion. It should be noted that in women and children this border 
usually hes at a slightly lower level, i.e. it tends to project downwards for a short 
distance below the right costal margin. 

Lobes. — ^The liver is divided, very imperfectly, into a large right and a much 
smaller left lobe. On the anterior and superior surfaces the two lobes meet along 
the line of attachment of a sickle- shaped fold of peritoneum which passes to the 
liver from the anterior abdominal wall and the under surface of the Diaphragm 
and is termed the falciform ligament (p. 1351). On the posterior and inferior 
surfaces the separation is more obvious and is effected by two fissures wliich 
meet end to end at the left extremity of the porta hepatis ; they are termed the 
fissure for the ligamentum venosum and the fissure for the ligamentum teres. 
The fissure for the ligamentum venosum is a deep cleft, lined with peritoneum, 
which descends on the posterior surface, nearer to its left than to its right limit. 

fissure for the ligamentum teres, which is usually shallow, runs upwards and 
backwards on the inferior surface and extends from the inferior border of the 
liver to the left extremity of the porta hepatis. 

The left lobe is thin, flattened from above downwards and only about one- 
sixth of the size of the whole organ. It presents anterior, superior, posterior and 
inferior surfaces, which are described with the surfaces of the liver (p. 1352). 

The right lobe, which is somewhat cuboidal in form, constitutes the re- 
maining five-sixths of the organ. It contributes to all of the surfaces of the 
liver, with which its surfaces will be described (p. 1352). The portion of 
the right lobe which adjoins the left lobe on the inferior and posterior surfaces 
is further subdivided into two smaller lobes, termed the quadrate and caudate 
lobes. 

The quadrate lobe is placed on the inferior surface, and is somewhat rect- 
angular in outline. It is bounded in front by the inferior border of the liver : 
on the left by the fissure for the ligamentum teres : behind by the porta hepatis : 
and on the right by a shallow fossa which lodges the gall-bladder. 

The caudate lobe is situated on the posterior surface. It is bounded on the 
left by the fissure for the ligamentum venosum : below by the porta hepatis : 
and on the right by the deep ^oove which lodges the upper portion of the 
inferior vena cava. Above, it is continuous with the superior surface to the 
right of the upper end of the fissure for the ligamentum venosum. Below and 
to the right the caudate lobe is connected to the rest of the right lobe by a 
narrow tongue of hver substance, termed the caudate process, whiclx lies immedi- 
ately behind the porta hepatis and forms the roof of the aditus to the lesser sac 
(epiploic foramen). Below and to the left the caudate lobe presents a small 
rounded projection, which is termed the papillary process* In addition, owing 
to the depth of the fissure for the hgamentum venosum, the caudate lobe pos- 
sesses a peritoneal- covered anterior surface, which forms the posterior wall of 
the fissure and is in contact with the hepatic part of the lesser omentum. 
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The relations of the quadrate and caudate lobes will be described with the 
surfaces of the liver (p. 1353). 

Peritoneal connexions of the liver. — ^With the exception of an extensive, 
triangular area on the posterior surface of the right lobe, the liver is almost 
completely invested with peritoneum. It is connected to the stomach and 
duodenum, to the diaphragm and to the anterior abdominal wall by a number of 
peritoneal folds, and the lines along which they meet the organ are also neces- 
sarily devoid of a peritoneal covering. These folds include the falciform liga- 
ment, the right and left triangular ligaments, the coronary ligament and the 
lesser omentum. 

The falciform Ligament is a sickle-shaped fold consisting of two closely applied 
layers of peritoneum which connects the liver to the Diaphragm and the anterior 
abdominal wall. Its convex margin is fixed to the inferior surface of the 
Diaphragm and to the posterior surface of the anterior abdominal wall, extend- 
ing downwards to the umbilicus ; as this attachment ascends from the umbilicus 
it passes shghtly to the right of the median plane. The concave margin of the 
falciform ligament is attached to the notch for the ligamentum teres on the 
inferior border of the liver and to its anterior and superior surfaces. Its base 
or free edge, which extends from the umbilicus to the notch for the ligamentum 
teres, contains the ligamentum teres and the small para-umbilical veins, and 
lies in front of the pyloric portion of the stomach. At its upper end the two 
layers of the falciform ligament separate from each other and expose a small 
triangular area on the superior surface of the liver which is devoid of peritoneum. 
The left layer becomes continuous with the anterior layer of the left triangular 
ligament : the right with the upper layer of the coronary ligament. 

The coronary ligament is formed by the reflection of the peritoneum from 
the Diaphragm to the superior and posterior surfaces of the right lobe. It con- 
sists of an upper and a lower layer, continuous at their right extremities with 
the right triangular ligament of the liver but diverging widely to the left so as 
to enclose a large triangular area qf the right lobe which is uncovered with 
peritoneum and is termed the ‘ hare area/ The upper layer is continuous with 
the right layer of the falciform ligament, skirts the upper end of the groove for 
the inferior vena cava anteriorly and then gradually descends from the posterior 
part of the upper surface to the upper part of the posterior surface. There it is 
continuous with the anterior layer of the right triangular ligament. The lower 
layer is continuous with the posterior layer of the right triangular ligament and 
passes almost horizontally along the lower limit of the posterior surface of the 
right lobe. In this situation the peritoneum may be reflected on to the upper 
part of the anterior surface of the right kidney instead of on to the Diaphragm 
beyond the margin of that organ. At its left extremity the lower layer of the 
coronary ligament passes in front of the lower end of the groove for the inferior 
vena cava and becomes continuous with the line of peritoneal reflexion from the 
right border of the caudate lobe, i.e. the right margin of the upper recess of the 
lesser sac of peritoneum. 

The left triangular ligament of the liver passes from the upper surface of the 
left lobe upwards and backwards to the under surface of tJhie Diaphragm. It 
consists of two closely applied layers of peritoneum which become continuous 
with each other when traced to the left, where the ligament ends in a free 
margin. Traced to the right the anterior layer becomes continuous with the left 
layer of the falciform ligament, and the posterior layer with the anterior layer 
of the lesser omentum at the upper end of the fissure for the ligamentum 
venosum. It is placed in front of the abdominal part of the oesophagus, the 
upper end of the lesser omentum and part of the fundus of the stomach. 

The right triangular ligament is a short V-shaped fold which connects the 
lateral part of the posterior aspect of the right lobe to the Diaphragm. The apex 
of the V forms a free right, or lower, margin for the ligament, around which its 
two layers become continuous with each other. The ligament really con- 
stitutes the right limit of the coronary ligament. 

The lesser omentum has already been described (p. 1312) in detail. It will 
be sufficient to add that at the upper end of the fissure for the ligamentum 
venosum, its anterior layer becomes continuous with the posterior layer of the 
left triangular ligament, and its posterior layer with the. line of reflexion of the 
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peritoneum fcom the upper end of the right border of the caudate lobe and so, 
indirectly, with the lower layer of the coronary ligament. 

Surfaces.— The superior surface of the liver (fig. 1201) includes portions of 
the right and left lobes. It fits under the vault of the Diaphragm, and is covered 
with peritoneum, except over a small triangular area where the two layers of 
the upper part of the falciform ligament diverge. Its right and left portions are 
convex, but its central part presents a shallow cardiac impression, which corre- 
sponds with the position of the heart on the upper surface of the Diaphragm. 
It is related to the diaphragmatic pleura of the right side and the base of the 
right lung, to the pericardium and ventricular part of the heart, and, to a much 
smaller extent, to the diaphragmatic pleura of the left side and the base of the 
left lung. 

The anterior surface, which is triangular in shape, also comprises portions of 
both right and left lobes, and is covered with peritoneum except at the line of 
attachment of the falciform ligament. A large part of this surface is in contact 


Fig. 1202. — ^The posterior and inferior surfaces of the liver. 
(From a model hy His.) 



with the Diaphragm, which separates it, on the right side, from the pleura and 
the sixth to the tenth ribs and their cartilages and, on the left side, from the 
seventh and eighth costal cartilages. The thin anterior margin of the base of the 
lung is related to the upper part of this surface, but the relationship is much more 
extensive on the right than it is on the left side. The median part of the 
anterior surface of the liver lies behind the xiphoid process of the sternum and 
the anterior abdominal wall in the infracostal angle. 

The right surface is convex from before backwards, and slightly so from 
above downwards. It is covered with peritoneum and is related to the right 
portion of the Diaphragm, which separates it from the right lung and pleura, 
and the right costal arches from the seventh to the eleventh inclusive. Over its 
upper third both lung and pleura intervene between the Diaphragm and the costal 
arches ; over its middle third only the costodiaphragmatic recess of the plexira 
is interposed ; over its lower third the Diaphragm is in actual contact with the 
costal arches. 

^ The posterior surface includes portions of both right and left lobes ; it is 
thick and convex on the right, but thin on the left. A deep concavity marks its 
median portion and corresponds with the forward convexity formed by the ver- 
tebral column (fig, 1201). A large part of this surface of the right lobe is devoid 
of peritoneal covering and is attached to the Diaphragm by areolar tissue. This 
non-peritoneal surface constitutes the ‘ bare area ^ of the liver. It is triangular 
in outline and is limited above and below by the superior and inferior layers of 
the coronary ligament. Its base is formed by the deep groove for the inferior 
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vena cava, while its apex, directed downwards and laterally, corresponds with 
the right triangular ligament. The groove for the inferior vena cava is a deep 
depression, occasionally a complete tunnel, on the posterior surface of the liver 
and is devoid of peritoneal covering. It lodges the upper part of the vessel and 
its floor is pierced by the hepatic veins (p. 840). At its lower end the groove is 
separated from the porta hepatis in front by the caudate process. Immediately 
lateral to the lower end of the groove the ‘ bare area ’ presents a somewhat 
triangular impression on the formalin-hardened liver, which lodges the upper 
part of the right suprarenal gland and is therefore termed the suprarenal impress- 
ion. On the left side of the groove for the inferior vena cava the caudate lobe 
occupies the rest of the posterior surface of the right lobe. It lies in the upper 
recess of the lesser sac of peritoneum (omental bursa), and is usually described 
as forming its anterior wall. This description is not quite accurate, because the 
peritoneum covering its posterior aspect is continued round its left border on to 
its anterior aspect, which forms the posterior wall of the fissure for the liga- 
mentum venosum. The caudate lobe should therefore be regarded as projecting 
into the upper recess of the omental bursa from its right border. The posterior 
surface of the caudate lobe is related to the crura of the Diaphragm above the 
aortic opening and to the right phrenic artery, and is separated by them from 
the descending thoracic aorta. The papillary process often projects downwards 
in front of the origin of the c celiac artery. 

The lips of the fissure for the ligamentum venosum separate the posterior 
aspect of the caudate from the posterior aspect of the left lobe. The fissure itself 
cuts deeply into the liver in front of the caudate lobe and contains the two layers 
of the lesser omentum. At its lower end it curves laterally below, or in front of, 
the papillary process, and reaches the left extremity of the porta hepatis. The 
ligamentum venosum^ which is the fibrous remnant of the ductus venosus 
(p. 158), is attached below to the upper border of the left branch of the portal 
vein. It ascends in the floor of the fissure and passes laterally at the upper end 
of the caudate lobe to join the left hepatic vein near its point of entry into the 
inferior vena cava, or sometimes the vena cava itself. 

The posterior aspect of the left lobe is marked by a shallow notch near the 
upper end of the fissure for the ligamentum venosum. It is occupied by the 
abdominal portion of the oesophagus and is termed the oesophageal impression. 
To the left of this impression the left lobe is related to a part of the fundus of 
the stomach. 

The inferior or visceral surface is directed downwards, backwards and to the 
left, and, in the formalin-hardened organ, bears the imprints of the neighbouring 
viscera. It is invested with peritoneum except at the porta hepatis, the fissure 
for the ligamentum teres and the fossa for the gall-bladder. On the inferior 
surface of the left lobe, in direct continuity with the oesophageal impression, the 
gastric impression is moulded over the stomach. On the right of this impression 
there is a rounded ridge, the lower part of which is sometimes prominent and is 
termed the omental tuberosity. This ridge occupies the concavity of the lesser 
curvature of the stomach and is in contact with the lesser omentum. The 
fissure for the ligamentum teres is a cleft of variable depth which passes upwards 
and backwards from the corresponding notch on the inferior border of the liver 
to the left end of the porta hepatis where it meets the lower end of the fissure 
for the ligamentum venosum. It forms the left boundary of the quadrat© lobe 
and may be, partially or completely, bridged over by a band of liver substance. 
Its floor lodges the ligamentum teres of the liver, which is the obliterated remains 
of the left umbilical vein in the foetus (p. 687). Commencing at the umbilicus it 
ascends in the free margin of the falciform ligament to the inferior border of the 
liver, traverses the fissure and ends by joining the left branch of the portal vein 
at the left extremity of the porta hepatis. 

The gastric impression may be continued on to the anterior part of the 
quadrate lobe, which is hollowed out and moulded over the pyloric part of the 
stomach and the beginning of the duodenum, when these organs are dilated. 
The posterior, or upper, part of the quadrate lobe is in contact with the right 
free border of the lesser omentum and its contained structures. When the 
stomach is empty the quadrate lobe is related to the first part of the duodenum 
and a portion of the transverse colon. 



1354 SPLANCHNOLOGY , 

The porta hepatis is placed on the inferior surface of the liver between the 
quadrate lobe in jhont and the caudate process behind. It is a deep fissure which 
runs transversely between the upper ends of the fissure for the ligamentum teres 
and the fossa for the gall-bladder. Through the porta hepatis the portal vein, 
the hepatic artery and the hepatic plexus of nerves enter the liver, and the right 
and left hepatic and the cystic ducts and some lymph vessels emerge. The 
hepatic ducts are situated anteriorly, the portal vein and its right and left 
branches posteriorly and the hepatic artery and its right and left branches are 
intermediate in position. 

The caudate process connects the lower and lateral part of the caudate lobe 
to the remainder of the right lobe. It is placed behind the porta hepatis and in 
front of the inferior vena cava, and is covered with peritoneum. It forms the 
roof of the aditus to the lesser sac. 

The fossa for the gall-bladder forms the right boundary of the quadrate lobe 
and extends from the inferior border of the liver to the right extremity of the 


Fig. 1203. — The inferior surface of the liver. (From a model by His) 



porta hepatis. It is usually shallow and devoid of peritoneal covering, but the 
breadth of this bare area is subject to individual variation. 

To the right of the fossa for the gall-bladder, the inferior surface of the right 
lobe is marked by three impressions, viz, colic, renal and duodenal. The colic 
impression is related to the right colic flexure and is placed on the anterior part 
of the area, immediately adjoining the inferior border of the liver. The renal 
impression is usually well marked ; it is situated behind the colic impression and 
is separated from the neck and the adjoining part of the gall-bladder I>y the 
duodenal impression. It is related to the upper part of the anterior surface of 
the right kidney, and in its superomedial part to the lower pole of the right 
suprarenal gland. When the lower layer of the coronary ligament is refle<*.ted 
from the liver on to the right kidney, the renal impression extends for a short 
distance on to the lower part of the ‘ bare area.’ The duodenal impression lies 
to the lateral side of the neck and adjoining part of the gall-bladder, and is 
related to the termination of the first part and the commencement of the second 
part of the duodenum. 

The relations of the liver show considerable variation, for whicli posture and 
the movements of respiration are only partly responsible. Those tvhich have 
been enumerated refer to the body in the supine position. 

Vessels and Nerves. The vessels coanected with the liver are the portal vein, and the 
hepatic artery and veins. 
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The portal vein and hepatic artery, accompanied by numerous nerves, ascend between 
the layers of the lesser omentum to the porta hepatis, where each divides into two branches ; 
the bile-duct and lymph vessels descend from the porta hepatis between the layers of the 
same omentum. They are all enveloped in a loose areolar tissue, termed the hepato-biliary 
capsule {of Glisson), which accompanies the vessels in their course through the portal canals 
in the interior of the liver. 

The hepatic veins (fig. 1204) convey the blood from the liver to the inferior vena cava, 
and are described on p. 840. They have very little cellular investment, but what there is 
binds them closely to the walls of the canals through which they run ; so that, on section 
of the liver, they remain widely open and are solitary, and may be easily distinguished from 
the branches of the portal vein, which are more or less collapsed, and always accompanied 
by an artery and duct. 

The lymph vessels of the fiver are described on p. 867. 

The nerves of the liver, derived from the left and right vagus, right phrenic, and 
sympathetic, enter at the porta hepatis and accompany the vessels and ducts to the 

Fig. 1204. — Diagram to illustrate the circulation through a lobule of the 

liver. 


Branch of hepatic 
artery 



Central vein 


Noto that the sinusoids rocoivc blood from both tlio licpatic artery and the portal v(dn. The 
contra! vein joins the system of hepatic veins and so drains into the inferior vena cava. 

The arrows indicate the direction of How. 


interlobular spaces. Here, according to Korolkow, the medullated fibres are distributed 
almost exclusively to the coats of the blood-vessels ; while the non-medullated enter the 
lobules and ramify between the colls. 

Structure of the liver. — The greater part of the liver is invested with peritoneum, which 
covers a thin capsule of connective tissue. With the naked eye the liver can bo seen to 
consist of an enormous number of polyhedral lobules, each of which is about 1 mm. in 
diameter. In the pig each lobule is sharply marked of! from those adjoining it by con- 
nective tissue septa, but in the human liver there are no such definite boundaries. 

A hbuk consists of a mass of cells, arranged in columns which radiate from a central vein 
(fig, 1205). Irregular blood-vessels (sinusoids) occupy the intervals between the columns. 

A liver -cell is api)roximately cubical in shape, and is from 12^ to 25/^ in diameter. It 
possesses one or two spherical nuclei, and its protoplasm usually contains granules of 
glycogen, and of a compound of iron. Fat droplets may also bo present in the fiver-cell. 

Blood is conveyed to the liver by the portal vein and hepatic artery. These vessels 
enter the liver at the porta hepatis, and, as already stated, are enclosed together with the 
hepatic duct in a connective tissue sheath termed the hepato-biliary capsule. In the porta 
hepatis the portal vein, hepatic artery and common hepatic duct all divide into right and left 
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branches, and these branches subsequently ramify, in their connective tissue capsule, 
throughout the substance of the liver, and are accompanied by nerves and lymph vessels. 
The spaces occupied by these various structures are named portal canals. The smallest 


Tig, 1205. — section through a lobule of the human liver. Stained with 
haematoxylin and eosin. x 60. 



Portal canal 
Central vein 


branches of the portal vein form interlobular plexuses between the lobules, and from these 
plexuses capiUary-like vessels, named sinusoids, run between the columns of liver-cells and 
open into the central veins in the centres of the lobules. The central veins join to form 
svMobular veins, and these unite to form the hepatic veins (fig. 1204), which drain the blood 
from the liver into the inferior vena cava. 


Tiq. 1206. — Sketches illustrating the manner in which bile passes from the 
hepatic cells into the intercellular bile-channels. (R, Heidenhain, after 
Kupffer.) (From Sharpey-Schafer’s Essentials of Histology.) 


B 



The hepatic aHery coiaYey^ arterial blood to the connective tissue of the liver, to the walls 
of the subchvisions of the portal vein, and to the bile-ducts ; its ultimate branches open into 
the interlobular plexuses and provide oxygenated blood for the Uver cells 

The sin^oids B^re mder and more irregular than capillaries, and have an incomplete 
wall formed of branched cells (stellate cells of Kupffer) (p. 31). There is no lymph- 
space between the wall of the sinusoid and the liver-cells, and, in consequence of the gaps 
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in the former, the blood comes into direct contact with the hepatic cells. Moreover, 
according to Herring and Simpson, minute channels penetrate the liver-cells, conveying 
the constituents of the blood into their substance. 

The bile ductules do not penetrate the lobules, but receive minute canalicuH which 
convey the bile from the cells to the periphery of the lobules. These canaliculi, or bile- 
capillaries, are merely little channels or spaces 

between adjacent cells, and are always separated 1207.— The gall-bladder and bile- 

from the sinusoids by at least half the width of a 
liver-cell (fig. 1206). 

Structure of the ductules . — The walls of the biliary 
ductules consist of a connective tissue coat, in 
which non-striped muscle-cells are arranged both 
circularly and longitudinally, and an epithelial 
layer, consisting of short columnar cells resting on 
a basement-membrane. 

Nerve-fibrils are said to be distributed between 
the cells of the liver, and even to enter their 
substance. 


The Excretory Apparatus of the 
Liver 

The excretory apparatus of the liver con- 
sists of (1) the common hepatic duct, formed 
by the junction of the right and left hepatic 
ducts, which leave the liver at the porta 
hepatis ; (2) the gall-bladder, which serves as 
a reservoir for the bile ; (3) the cystic duct, 
or duct of the gall-bladder ; and (4) the bile 
duct, formed by the junction of the common 
hepatic and cystic ducts. 

The common hepatic duct. — Two main 
ducts (right and left hepatic) issue from the 
liver and unite near the right end of the 
porta hepatis to form the common hepatic 
duct, which passes downwards for about 
3 cm., and is joined at an acute angle by the 
cystic duct ; by the union of the common 
hepatic with the cystic duct the bile duct 
is formed (fig. 1208). The common hepatic 
duct is on the right of the hepatic artery and in front of the portal vein. 

The gall-bladder [vesica fellea] (figs. 1203, 1207, 1208) is a conical or pear- 
shaped sac lodged in a fossa on the under surface of the right lobe and extending 
from near the right extremity of the porta hepatis to the inferior border of the 
liver. Its upper surface is attached to the liver by connective tissue ; its under 
surface and sides are covered with peritoneum continued from the surface of 
the liver. Occasionally it is completely invested with peritoneum and may be 
connected to the liver by a short mesentery. It is from 7 cm. to 10 cm. long, 
3 cm. broad at its widest part, and holds from 30 c.om. to 50 c.cm. It is divided 
into a fundus, body and neck. 

The fundus, or expanded end, is directed downwards, forwards and to the 
right. It projects beyond the inferior border of the liver, and comes into 
relationship with the posterior surface of the anterior abdominal wall below 
the ninth right costal cartilage, and behind the point where the lateral edge of 
the right Rectus abdominis crosses the costal margin ; posteriorly the fundus is 
in relation with the transverse colon, near its commencement. The body is 
directed upwards, backwards and to the left ; near the right end of the porta 
hepatis it is continuous with the neck. It is in relation by its upper surface 
with the liver ; by its under surface, with the commencement of the transverse 
colon ; and farther back usually with the upper end of the second part of the 
duodenum, but sometimes with the first part of the duodenum or pyloric end 
of the stomach. The neck is narrow ; it curves upwards and forwards, and then, 
turning abruptly backwards and downwards, becomes continuous with the 
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cystic duct ; at its poiut of continuity with, the cystic duct there is a constriction. 
The neck is attached to the liver by areolar tissue in which the cystic artery is 
imbedded. The mucous membrane which lines the neck projects into its lumen 
in the form of oblique ridges, forming a sort of spiral valve. 

The cystic duct (figs. 1203, 1208), from 3 cm. to 4 cm. long, passes back- 
wards, downwards and to the left from the neck of the gall-bladder, and joins 
the common hepatic duct to form the bile duct ; it runs parallel with and 
adheres to the common hepatic duct for a short distance before joining with it. 
The junction is usually situated immediately below the porta hepatis, but it may 
be at a considerably lower level. In the latter event the cystic duct lies in the 
right free margin of the lesser omentum. The mucous membrane lining its 
interior is thrown into a series of crescentic folds, from five to twelve in number, 


Fig. 1208. — ^Drawing of a dissection to show the relations of the hepatic artery, 
bile-duct and portal vein in the lesser omentum. 
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simn^ to those found in the neck of the gaU-hladder. They project into the 
duct in regular succession, and are directed obhquely round the tube, presenting 
much the appearance of a crescentic, spiral valve (fig. 1207). When the duct is 
^stended, the spaces betwen the folds are dilated, and the exterior of the 
duct appears twisted. 

• duct [ductus choledochus] is formed near the porta hepatus by the 

]^ction of the cystic and common hepatic ducts ; it is about 7 cm. long, and of 
the diameter of a goose-quill. ^ 

It runs at first doynwds, backwards and to the left anterior to the aditu.s 
to the lesser sac (epiploic foramen) ; here it lies in the right border of the lesser 
omentum, m front of the nght edge of the portal vein, and on the rigiit of the 
hepatic artery (fig. 1208). It passes behind the first part of the duodenum with 
the gastroduodenal artery on its left, and then runs in a groove on the upper 
and lateral part of the posterior surface of the head of the pancreas (fig. 1 198) ; 

iSbeddedfn tS™’^ inferior vena cava, and is sometimes completely 

imbedded in the pancreatic substance. At the left side of the second part of the 

into th-^waVo°ftM«^*°r+°“rtk‘ tte pancreatic duct, and accompanies it 
into th. wall of this part of the gut, and there the two ducts unite to form 
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the ampulla of the bile duct ; the distal, constricted end of this ampulla opens 
into the second part of the duodenum on the summit of the duodenal papilla 
(fig. 1199) from 8 to 10 cm. from the pylorus (p. 1325). 

Structure (fig. 1209). — The gall-bladder has three coats; serous, fibromusoular and 
mucous. 

Fig-. 1209. — Section of the wall of the gall-bladder. Human. (E. Sharpey- 
Schafer.) x355. Photograph. Preparation by C. F. W. Illingworth. 

(From Sharpey-Schafer’s Essentials of Histology,) 



The external or serous coat is d(vrived iroru the peritoneum ; it completely invests the 
fundus, but covers only the under surfaces and sides of the body and neck. 

The jihromuscular coat, a thin but strong layer, consists of dense, fibrous tissue, inixcid 
with plain muscular fibres, which are disposed chiefly in a longitudinal direction, a few 
running transversely. 

The internal or mucous coat is loosely connected with the iibrous layer. It is generally 
of a yellowish- brown colour, and is elevated into minute rugse (lig. 1207). It is continuous 
through the common hepatic duct with that of the ducts of the liver, and through the bih?- 
duct with that of the duodenum. Its cpitltelium is columnar, and actively absorbs fluid 
from the bile, rendering it more concentrated. It also secrotc'S cholesterol. 

The coats of the largo biliary ducts are an external or fibrous, and an internal or mucous. 
The fibrous coat is composed of strong libro-areolar tissue, with a certain amount of muscular 
tissue, arranged, for the most part, in a circular manner around the ducts. The mucous 
coat is continuous with the lining membrane of the hepatic ducts and gall-bladder, and also 
with that of the duodenum ; and, like the mucous membrane of these structures, its ex>i- 
theliurn is of the columnar variety. It is provided with numerous mucous glands, which 
are lobulated and open by minute orifices scattered irregularly in the larger ducts. 

Applied Aimtomy . — On account of its largo size, its lixed position, and its friability, 
the liver is more fre<iuently ruptured than any of the other abdominal viscera. TIio 
rupture may vary from a slight scratch to an extensive and complcite laceration of its 
substance, dividing it into two parts. Sometimes an internal rupture, without laceration 
of the j)critoneal covering, takes place, and such injuries are most 8US(:e|)tible to repair ; 
but small tears of the surface may also heal ; when, however, the laceration is extensive, 
death usually takes place from haunorrhago, on account of the fact that the hcipatic veins 
arc contained in rigid canals in the liver-substance and are unable to contract, and moreover 
are iiri])rovided with valves. The liver may also be torn by the end of a broken rib perforat- 
ing the Diajfliragm. 

Abscess of the liver is of not infrequent occurrence and may enlarge in many difhu'ont 
directions. Thus it has been known to burst into the lungs, when the pus is coughed uji ; 
or into the stomach, when the pus is vomited ; it may burst into the colon, or duodemum ; 
or, by perforating tho Diaphragm, it may empty itself into the pleural cavity. It oiteui 
makes its way forwards, and points on the anterior abdominal wall, and finally it may 
burst into tho peritoneal or pericardial cavities. 
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Hydatid cysts are more often found in the liver than in any of the other viscera. The 
reason for this is not far to seek. The embryo of the egg of the Teenia echinococcus, being 
liberated in the stomach by the disintegration of its shell, bores its way through the gastric 
walls and usually enters a blood-vessel, and is carried by the blood-stream to the hepatic 
capillaries, where its onward course is arrested, and where it undergoes development into 
the fully formed hydatid. 

The gall-bladder may become distended in cases of obstruction of the cystic duct or 
of the bile duct, or from a collection of gall-stones in its interior, thus forming a large 
tumour. The swelling is pear-shaped, and projects downwards and forwards towards the 
umbilicus. It moves with respiration, since it is attached to the liver. 

Obstruction of the bile duct, apart from stone, is often due to occlusion of this canal by 
pressure of malignant growths, especially those commencing in the pylorus or pancreas. 
It is also seen following ulceration of the duct, cicatricial contraction of the scar tissue taking 
place. Enormous distension, both of the bile duct itself and of its radicles in the liver 
substance, may occur at times. 
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THE UEOGENITAL SYSTEM 

The urogenital apparatus consists of (a) the urinary organs for the secretion 
and discharge of the urine, and (b) the genital organs, which are concerned with 
the process of reproduction. The two groups are included in one system because, 
in the male, they are not entirely independent of one another, since one passage 
(viz. the urethra) serves to convey both the urine and the seminal fluid. 


THE URINARY ORGANS 

The urinary organs comprise (1) the kidneys, which secrete the urine ; (2) the 
ureters, which convey it to (3) the urinary bladder, where it is stored temporarily ; 
and (4) the urethra, through which it is discharged from the urinary bladder. 

The Kidneys [Rends] 

The kidneys are situated in the posterior part of the abdomen, one on each 
side of the vertebral column, behind the peritoneum ; they are surrounded by a 
mass of fat and some loose areolar tissue. Their upper ends are on a level 
with the upper border of the twelfth thoracic vertebra, their lower, with the 

Fia. 1210. — The anterior surfaces of the kidneys, showing the areas of contact 
of the neighbouring viscera. 



third lumbar vertebra. The right kidney is usually slightly lower than the left, 
probably on account of its relationship to the liver ; the left is a little longer and 
narrower than the right and is a little nearer to the median plane. The long axis 
of each kidney is directed downwards and laterally ; the transverse axis, laterally 
and backwards. The transpyloric plane passes through the upper part of the 
hilum of the right kidney, and through the lower part of the hilum of the left. 

Each kidney is about 11 cm. in length, 6 cm. in breadth, and about 3 cm. 
in thickness. In the adult male the weight of the kidney varies from 125 gm. 
to 170 gm. ; in the adult female from 115 gm. to 155 gm. 

The kidney has a characteristic form, and presents for examination two 
surfaces, two borders, and an upper and a lower end. 
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Relations. — The anterior surface (figs. 1197, 1210) of each kidney is convex, 
and looks forwards and laterally. Its relations to adjacent viscera differ on 
the two sides of the body. 

(a) Anterior surface of right kidney. — narrow portion at the upper extremity 
is in contact with the right suprarenal gland. The gland may overlap the upper 
pole, or the upper part of the medial border, or it may occupy a position mid- 
way between the two. A large area just below this and involving about three- 
fourths of the surface, lies in the renal impression on the inferior surface of the 
right lobe of the liver, and a narrow but somewhat variable area near the 
medial border is in contact with the second part of the duodenum. The lower 
part of the anterior surface is in contact laterally with the right colic flexure, 
and medially, as a rule, with a part of the small intestine. The area in relation 
with small intestine and almost the whole of the area in contact with the liver 
are covered with peritoneum ; the suprarenal, duodenal and colic areas are 
devoid of peritoneum. 


Fio. 1211. — The posterior surfaces of the kidneys, showing the areas of relation 

to the parietes. 


Eleventh rib 



(b) Anterior surface of left kidney.— A small area along the upper piirt of the 
medial border is in relation with the left suprarenal gland, and the upper two- 
thirds or less of the lateral half of the anterior surface are in contact with the 
renal impression on the spleen. A somewhat quadrilateral field, about the 
middle of the anterior surface, is in contact with the body of the pancreas and 
the splenic vessels behind it. Above this there is a small triangular T)ortion be- 
^een the suprarenal and splenic areas, which is in contact with the stomach 
pe size of the gastric area is very variable. It is diminished, or may even 
be absent, when the left kidney lies at an abnormally low level, or when the 
obhqmty of the body of the pancreas is accentuated. .Below the pancreatic and 
splemc areas the lateral part is in relation with the left colic fle.^:^^e and the 
commencement of the descending colon, the medial with the first coils of the 
jejunum. The jejunal area is always extensive but, as the descending colon is 
norm^y m a condition of contraction, the colic area forms an irregular narrow 
stop imme^ately adjoining the lateral border of the kidney. The area in 
contact with the stomach is covered with the peritoneum of the lesser sac, 
whfie those in relation to the spleen and the jejunum are covered with the 
peritoneum of the greater sac ; behmd the peritoneum of the jejunal area some 
branches of the superior left colic vessels are related to the kidney. The supra- 
renal, pancreatic, and colic areas are devoid of peritoneum. ^ 
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TYiQ 'posterior surface (figs. 1211 to 1214) of each kidney is directed backwards 
and medially. It is imbedded in areolar and fatty tissue, and is devoid of 
peritoneal covering. It lies upon the Diaphragm, the medial and lateral 
arcuate ligaments (lumbocostal arches), the Psoas major, the Quadratus 
lumborum, and the tendon of origin of the Transversus abdominis, the sub- 
costal vessels, and the last thoracic, iliohypogastric and ilioinguinal nerves. 
The right kidney rests upon the twelfth rib, the left usually on the eleventh and 
twelfth. The Diaphragm separates the kidney from the pleura, which dips 
down to form the costodiaphragmatic recess (fig. 1212), but frequently the 
muscular fibres of the Diaphragm are defective or absent over a triangular area 
immediately above the lateral arcuate ligament, and when this is so the peri- 
nephric areolar tissue is in contact with the diaphragmatic pleura. 


Fig. 1212. — The right kidney, exposed from behind. 


Sacrospinalis m. 


~ Quadratus him- 
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Tlicj blua area roprc»onta the i)lcuira, the broken red lino tho upper part of the kidney. 


The upper end of the kidney is thick and round, and is nearer the median 
plane than the lower ; it is surmounted by the suprarenal gland, wliich covers 
also a small portion of the anterior surface. The lower end, smaller and thinner 
than the superior, extends to within 5 cm. of the iliac crest. 

The lateral border is convex ; that of the loft kidney is in contact, at its upper 
part, with the spleen and, at its lower part, with the descending colon ; that of 
the right with the right lobe of the liver. 

The medial border is concave in the centre and convex at each end ; it is 
directed a little downwards and forwards. In its central part there is a deep 
vertical fissure, termed the Mlum, which is bounded by an anterior and a post- 
erior lip, and transmits the renal vessels and nerves and the funnel-shaped upper 
end (pelvis) of the ureter. The relative positions of the main structures in the 
hilum are as follows : the renal vein is in front, the renal artery in the middle 
and the pelvis of the ureter behind. As a rule one of the branches of the renal 
artery enters the hilum behind the ureteral pelvis, and it is not uncommon to 
find one of the tributaries of the renal vein issuing from the hilum in the same 
plane. Above the hilum the medial border is in relation with the suprarenal 
gland, below with the commencement of the ureter. 
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The hilum leads into a central recess or cavity named the reiml sinus, which 
is lined by a continuation of the capsule of the kidney and is almost entirely 

filled by the ureteral pelvis and 
Fig. pi3.-ABapttel section tough the renal vessels; numerous nipple- 

papillce, mark the wall of the 

rh m JllIlK ^ the^ sin]^ 

fellB sometimes three, large 

, branches which are named the 

mw^m. these divides again into several 
I'l ill • short branches named the calyces 

1^111 minores (fig. 1216). In all, there 

Posterior jliP i j SS nli ^ usually from seven to thir- 

lamellaof "TBII '' teen of these lesser calyces ; 

renal fascia each expands as it approaches 

sinus, and 

the expanded end is indented 
7 f moulded round from one to 
Paranephric ■' ^Um three renal papilliB (PI. II, fig. 2) , 

^ ^ expanded end of 

adherent to 
capsule lining the renal sinus ; 
perforated hy the collecting 
/ ' (I ' tubules which open on the sum- 

The kidney' and its vessels 
I imbedded in a mass of 'fatty 
|( I y T Jilllilillf^^ tissue, termed the renal fat, whiclx 

is thickest at the borders of the 
kidney and is prolonged through the hilum into the renal sinus. The fibro- 
areolar tissue surrounding the kidney and the renal fat is condensed to form 
a sheath and is termed the 

renal fascia, Fig. 1214. — transverse section, showing the relations 

of the renal fascia. (After Gorota.) 
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At the lateral border of the 
kidney the two layers of the 
sheath are fused. The anterior 
layer is carried medially in front 
of the kidney and its vessels, 
and at the level of the latter is 
continuous over the aorta with 
the corresponding layer of the 
opposite side.* The posterior 
layer extends medially behind 
the kidney and in front of the 
fascia on the Quadratus lum- 
borum and Psoas major, and is 
attached to the vertebrae and 
iutervertebral discs. Above the 
suprarenal gland the two layers 
of the renal fascia fuse, and are 
connected with the fascia of 

*A. H. Southam {Quarterly 
Journal of Medicine, Number 64, 

July 1923, p. 283) maintains 

that the anterior layer of the 

renal fascia is not continued 

across the median plane. He 

says it “ can be traced as far as 

the pancreas and to the root of 

the mesentery, and there be- ||||Pm 

comes lost in the connective 

tissue elements present in this 

situation.” 
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the Diaphragm ; below the kidney they remain separate, and are gradually lost in the 
extraperitoneal tissue of the iliac fossa. The renal fascia is connected to the fibrous capsule 
of the kidney by numerous trabeculae, which traverse the fatty capsule, and are strongest 
near the lower end of the organ. Be- 
hind the renal fascia there is a consider- 
able quantity of fat, which is sometimes 
termed the paranephric body. The kidney 
is held in position partly through the attach- 
ments of the renal fascia but principally 
by the apposition of the neighbouring 
viscera. 

In the foetus the kidney consists of about 
twelve distinct lobules (fig. 1215), but in the 
adult these are fused and the kidney pre- 
sents a uniformly smooth surface. 

General structure of the Kidney. The 
kidney is invested by a fibrous capsule 
which is easily stripped off ; an incomplete 
layer of smooth muscular fibres lies beneath 
the fibrous capsule. 

If a vertical section be made from its 
lateral to its medial border, and the loose 
tissue and fat removed from around the 
vessels and the excretory duct, the renal 
sinus will be seen surrounded at all parts 
but one by the proper Iddney-substance 
(fig. 1216). The fibrous capsule is prolonged 
into the sinus round the lips of the hilum, 
to become continuous with the outer coat 
of the pelvis of the ureter. 

The kidney is composed of an internal, medullary and an external, cortical substance. 

The medullary substance consists of a series of pale, striated, conical masses, termed the 
renal pyramids, the bases of which are directed towards the circumforonco of the kidney, 

while their apices converge' to- 
wards tho renal sinus, where they 
form prominent papilho project- 
ing into the interior of the calyces, 
each calyx minor receiving from 
one to three papillte. 

Tho cortical substance is red- 
dish-brown in colour, and soft 
and granular iix consistence. It 
lies immediately beneath the fib- 
rous capsule, arches over the bases 
of tlio pyramids, and dips in be- 
tween adjacent pyramids towards 
the renal sinus. The parts dipping 
in between the pyramids arc 
named tho renal columns, while 
tho portions which connect the 
renal columns with each other and 
ixitervone between the bases of tho 
pyramids and the fibrous capsule 
are called the cortical arches. 
If tho cortex bo examined with a 
lens, it will be seen to consist of a 
series of lighter-coloured, conical 
areas, termed rmedullary rays (fig. 
1220), and a darker-coloured in- 
tervening substance, which from 
tho complexity of its structure 
is named the convoluted pa.U 
The rays gradually taper towards 
the circumference of tho kidney, 
and consist of a series of outward prolongations from the base of each renal pyramid. 

The cortical and medullary substiinces are made up of renal tubules and blood-vesseds, 
united and bound together by a connecting stroma. 

Minute Anatomy. — The renal tubules (fig. 1217) commence in the cortical substance, and 
after pursuing a very tortuous route through tho cortical and medullary substances finally 


Fio. 1216. — A vertical section through a kidney, to 
show the pelvis of tho ureter and calyces, and the 
cortical and medullary substance. 
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Fig. 1215. — The kidneys and suprarenal 
glands of a new-born child. Anterior 
aspect. 
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end at the apices of the renal pyramids by open mouths. If the smfa^e of one of the papiU® 
be examined with a lens, it will be seen to be studded OTer with mmute openings, the onnces 

Fig. 1217. — scheme of a renal tubule and its vascular supply. 
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of the renal tubules, from sixteen to twenty in number, and if pressure be made on a fresh 
kidney, urine will be seen to exude from these orifices. The tubules commence in the con- 
voluted part and renal columns as the renal (Malpighian) corpuscles, which are small rounded 
masses of a deep red colour, averaging about 0*2 mm. in diameter. Each of these bodies is 


Fig. 1218. — The distribution of the blood- 
vessels in the cortex of kidney. 



Fig. 1210. — A glomerulus. 



composed of two parts : a central glomerulus of vessels, and a membranous envelope, 
termed the glomerular capsule, which is the small pouch-like commencement of a renal 
tubule. 

The glomerulus is a lobulated tuft of convoluted, capillary blood-vessels, held together 
by scanty connective tissue. This capillary network is derived from a small arterial twig 
(the afferent vessel), which enters the capsule, generally at a point opposite to that at which 
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the latter is connected with the tubule ; the efferent vessel emerges from the capsule at 
the same point. The afferent vessel is usually the larger of the two (figs. 1218, 1219^ 

The glomerular capsule is the blind, expanded end of the renal tubule, indented for the 
reception of the glomerulus. It consists of a basement-membrane, lined by a single layer 
of flattened epithelial cells. Thus between the glomerulus and the outer layer of the capsule 
there is a space lined by a continuous layer of flattened cells ; this cavity varies in size 
according to the state of secretion and the amount of fluid present in it. In the foetus and 
young subject the lining epithelial cells are polyhedral or columnar. 

Each renal tubule consists of the following parts *. (1) the glomerular capsule^ already de- 
scribed, (2) a constricted portion or neck, (3) the first convoluted tubule, (4) the spiral tvhule, 
which takes a course towards the medulla, (5) the descending lirnb of Henle's loop, narrower 
than the preceding, and running into the medullary substance, where it turns to form 
(6) the loop of Henle, (7) the ascending.limh ofHenWs loop, broader than the descending limb, 
which re-enters the cortical substance, (8) an angular segment, termed the irregular or zig-zag 
tubule, (9) the second convoluted tubule, (10) the junctional tubule, which opens into (11), 
the collecting tubule (fig. 1217). 

Fig. 1220. — A radial section through the cortex of a human kidney. Stained 
with hsematoxylin and eosin. x 100. 



The straight or collecting tubules commence in the medullary rays of the cortex ; they 
unite at short intervals with one another ; the terminal tubes present a considerable increase 
in c«ilibre, and are known as the ducts of Bellini ; they open finally on the summit of a papilla. 

Structure of the renal tubules, — The renal tubules consist of a basement-membrane lined 
with epithelium. In the nock the epithelium is continuous with that lining the glomerular 
capsule, and like it consists of flattened cells each containing an oval nucleus (fig. 1219), 
'^fhe two convoluted tubules, the spiral and zig-zag tubules, and the ascending limb of 
Henle’s loop are lined with a typo of epithelium which is histologicjally similar in all. The 
cells are somewhat columnar in shape and dovetail into one another on their lateral aspects. 
Each has a striated border next the lumen of the tube ; its substance is granular, the 
granules in the outer portion being arranged in vertical rows. The nucleus is spherical and 
situated about the centre of the coll. In the descending limb of Henle’s loop the epitlielium 
resembles that found in the glomerular capsule and the commencement of the tube, con- 
sisting of flat, clear, epithelial plates, each with an oval nucleus. The nuclei alternate on 
opposite surfaces of the tubule so that the lumen remains fairly constant. 

In the collecting tubule the epithelium is clear and cubical : in its papillary x)ortion the 
cells are columnar and transparent (fig. 1221). 

The renal blood-vessels. — Before entering the kidney, each artery divides into four or 
five branches which at the hilum lie mainly between the renal vein and pelvis of the ureter, 
the vein being in front, the pelvis behind ; one branch usually lies behind the pelvis. Each 
vessel gives off some small branches to the suprarenal glands, to the ureter, and to the 
surrounding cellular tissue and muscles. One or two accessory renal arteries may arise from 
the abdominal aorta, either above or beflow the renal artery. Such vessels do not enter the 
hilum, but pierce the upper or lower parts of the kidney. The branches of the renal artery, 
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while in the sinus, give off a few twigs for the nutrition of the surrounding tissues, and divide 
into lobar arteries, one for each renal papilla. Before entering the kidney substance each 
lobar artery divides into two (sometimes three) interlobar arteries which run towards the 
cortex on each side of the pyramid. At the junction between the cortex and the medulla 
each interlobar artery divides dichotomously into branches which run at right angles to 
the parent stem. These are termed the arciform arteries, and it is to be noted that the 
interlobar and arciform arteries to each lobe do not anastomose with the corresponding 
arteries of neighbouring lobes. The arciform arteries give off a large number of straight 
arteries arranged vertically to the surface, each of which gives off a number 

of lateral branches, afferent vessels of the glomeruli, or glomerular arteries. Each inter- 
lobular artery with its branches and associated glomeruli resembles a string of red currants. 

From the capillaries of each glomerulus an efferent vessel, smaller than the afferent 
vessel, arises and divides to form a second set of capillaries which run betw^een the tubules 
and are called intertubular capillaries. These unite to form interlobular veins, which dis- 
charge into the tributaries of the interlobar veins running with the interlobar arteries. Each 
interlobular vein begins beneath the fibrous capsule of the kidney by the convergence of 

Fig. 1221, — transverse section through a pyramid of a human kidney. Stained 
with hsematoxylin and eosin. x 400. 



Large collecting 
tubule 


Blood-vessel 


Small collecting 
tubule 


Tubule of Henle's loop 


smaller veins, called vence stellatce because of their appearance as seen from the surface of 
the organ. 

The vascular supply of the medulla of the kidney is relatively scanty, and is derived 
from the efferent vessels of the glomeruli adjacent to the medullary substance. Many of 
these efferent vessels from the glomeruli (arteriolse rectie) run a straight (.sourse between 
the collecting tubules, and open into tributaries of the arciform veins, and so reacdi inter- 
lobar veins, these finally uniting to form the renal vein : othem break up into intei‘tubiilar 
capillaries, like the efferent vessels from the glomeruli in the outer part of the (tork^x. 

The circulation through the kidney is primarily a glomerular circulation, and all the 
branches which arise from the arciform and interlobular artei'ies tcirrninato in glornciruli,* 

In the living subject a pale streak, known as Brodel’s line, marks the dorsal part of the 
lateral convex border of the kidney and indicates on the surface of the organ the boundary 
zone between the areas of distribution of the anterior and the posterior branches of the 
renal artery. 

Nerves of the kidney. — The nerves of the kidney, although small, are about fifteen in 
number. They have small ganglia developed upon them, and are derived from the renal 
plexus, which is formed by branches from the cceliac plexus, the lower and laktral part of the 
eoeliac ganglion and aortic plexus, and from the lesser and lowest splanchnic nerves. The 
nerves which supply the kidney are derived from the tenth, eleventh and twelfth thoracic 
segments of the spinal cord. The nerves communicate with the testicular plexus, a circum- 
stance which may explain the occurrence of pain in the testis in affections of the kidney. 

*D. B. MacCallum, American Journal of Anatomy, vol. xxxviii, 1026. B. A. Moore, 
Anatomical Record, vol. xl. 1928. 
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They accompany the renal artery and its branches, and are distributed to the blood-vessels 
and to the cells of the urinary tubules. 

The lymph vessels of the kidney are described on p. 871. 

Connective tissue, or intertubular stroma . — ^Although the tubules and vessels are closely 
packed, a small amount of connective tissue, continuous with the fibrous capsule, binds 
them firmly together and supports the blood-vessels, lymph vessels and nerves. 

Applied Anatomy . — In badly nourished people or in those who have become emaciated 
the renal fat is deficient and the kidney may become displaced ; this condition, which 
occurs more frequently in women than in men, on account of the greater laxity of the 
abdominal walls, is termed movable kidney. 

Injuries of the kidney are generally due to some severe crushing force, as from being 
run over by a heavy waggon or cart, or from the abdomen being compressed between the 
buffers of two railway carriages. When a laceration occurs on the posterior surface of the 
organ, infiltration of blood and urine takes place into the retroperitoneal tissue ; when the 
laceration is in front, the peritoneum may be tom and extravasation of blood and urine 
may take place into the peritoneal cavity. 

Incisions into the kidney for the purpose of displaying the interior of the renal pelvis 
are made along Brodel’s line. The plane of the incision passes through the relatively 
avascular area (p. 1368) and undue haemorrhage is thus avoided. 

The early pelvic position of the kidney (p. 186) may persist, and in these cases the organ 
usually derives its blood-supply from the common iliac artery. The development of the 
kidney is partly arrested and the hilum lies on its anterior aspect. 


The Ureters 

The ureters are the two tubes which convey the urine from the kidneys to 
the urinary bladder. Each measures from 25 cm. to 30 cm. in length, and is a 
thick-walled, narrow, cylindrical tube which commences within the renal sinus 
as a funnel-shaped dilatation, termed 

the pelvis of the ureter (fiig. 1216). It Fia. 1222. — traxa.svorso section through 
runs downwards and medially in front ureter. Stained with hteumtoxylin 

of the Psoas major, passes into tlxe 
pelvic cavity, and opens into the base 
of the urinary bladder. 

The pelvis of the ureter has already 
been described (p. 1364). 

The abdominal part of the ureter 
lies behind the peritoneum on the 
medial portion of the Psoas major, 
which intervenes between it and the 
tips of the transverse processes of the 
lumbar vertebra) (PI. II, fig. 2). It is 
crossed obliquely by the testicular (or 
ovarian) vessels. It enters the pelvic 
cavity by crossing either the end of the 
common, or the beginning of the ex- 
ternal, iliac vessels. 

At its origin the right ureter is usually 
covered by tlxe second part of the duo- 
denum ; in its course downwards it lies to the right of the inferior vena cava, 
and is crossed by the right colic and the ileocolic vessels, while near the inlet of 
the pelvis it passes behind the lower part of the mesentery and the terminal part 
of the ileum. The left ureter is crossed by the left colic vessels, and near the inlet 
of the pelvis passes behind the pelvic colon and its mesentery, lying in the 
posterior wall of the recess of the pelvic mesocolon (intersigmoid recess). 

The x>elvic part of the ureter runs at first downwards on the lateral wall of the 
pelvic cavity, under cover of the peritoneum, and aloixg the anterior border of the 
greater sciatic notch. It lies in front of the internal iliac (hypogastric) artery, 
and medial to the obturator nerve and the umbilical, obturator, inferior vesical, 
and middle rectal (hoemorrhoidal) arteries. Opposite the lower part of the 
greater sciatic foramen it runs medially and forwards, and reaches the lateral 
angle of the urinary bladder, where it is situated in front of the upper end of the 
seminal vesicle (and at a distance of about 5 cm. from the opposite ureter) ; 
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here the vas deferens crosses in front of it to gain its medial side, and the vesical 
veins surround it (fig. 1224). Finally, the ureters run obliquely through the 
wall of the bladder and open by slit-like apertures into the cavity of that viscus 
at the lateral angles of the trigone (fig. 1228). When the bladder is distended 
the openings of the ureters may be about 5 cm. apart, but when it is empty and 
contracted the distance between them is diminished by one-half. Owing to 
their oblique course through the coats of the bladder, the upper and lower 
walls of the terminal portions of the ureters become closely applied to each 
other when the bladder is distended, and, acting as valves, prevent regurgita- 
tion of urine. It should be noted that the peritoneum is closely applied to the 
medial side of the pelvic part of the ureter, except at its termination, where the 
vas deferens and, sometimes, one or two small vessels intervene (fig. 1223). 

In the female, the pelvic part of the ureter forms the posterior boundary of a 
shallow depression named the ovarian fossa, in which the ovary is situated. It 
runs medially and forwards below the lower part of the broad ligament of the 
uterus, and passes lateral to the cervix uteri and the upper part of the vagina. 
It then lies for a short distance in front of the vagina, and finally pierces the wall 
of the bladder obliquely. In this part of its course it is accompanied for about 
2*5 cm. by the uterine artery, which then crosses in front of the ureter and 
ascends between the two layers of the broad ligament. The ureter is distant 
about 2 cm. from the side of the cervix of the uterus.* 

The ureter is sometimes duplicated on one or both sides, and the two tubes 
may remain distinct as far as the base of the urinary bladder ; they rarely open 
separately into the bladder cavity. The normal constrictions of the ureter have 
already been described (p. 186). 

Structure (fig. 1222). — The ureter is composed of three coats : fibrous, muscular and 
mucous. 

The fibrous coat is continuous at one end with the fibrous capsule of the kidney in the 
floor of the renal sinus ; while at the other it is lost on the wall of the bladder. 

In the pelvis of the ureter the muscuLar coat consists of two layers, longitudinal and 
circular : the longitudinal fibres become lost upon the sides of the papilhe at the extremities 
of the calyces ; the circular fibres surround the medullary substance in the same situation. 
In the ureter proper the muscular fibres are very distinct, and are arranged in three layers ; 
an external longitudinal, a middle circular, and an internal, less distinct than the other 
two, but having a general longitudinal direction. 

The mucous coat is smooth, and presents a few longitudinal folds which become effaced 
by distension. It is continuous with the mucous membrane of the bladder foedow, while 
it is prolonged over the papill® of the kidney above. It consists of fibrous tissue <jon- 
taining many elastic fibres, and covered with transitional epithelium. The csontinuation of 
the epithelium over the renal papillae is columnar in type. 

The arteries supplying the ureter are branches from the renal, testicular (or ovarian), 
internal iliac and inferior vesical arteries. 

The lymph vessels of the ureter are described on p. 872. 

The nerves are derived from the inferior mesenteric, spermatic (or ovarian), and jHilvic 
plexuses ; through these plexuses fibres are derived from the lower three thoracic and first 
lumbar segments of the spinal cord. Small ganglia and isolated ganglion-cells are found 
in the fibrous and muscular coats. 


Applied Stones may become impacted in any part of tlie ureter, but this 

occurs most commonly at the points where the tube is normally constricted (p, I8fi). 
When a stone is impacted in the ureter, it gives rise to attacks of rerud cdic, probably due to 
spasmodic attempts on the part of the ureteral musculature to dislodge it. The pain is 
experienced in the cutaneous areas innervated from those segments of the spinal cord 
which also supply the ureter. It commences in the loin in the area supplied by the tenth 
thoracic nerve and shoots downwards and forwards to the groin, affecting in succession areas 


* J. 0. Brash {British Medical Journal, Oct. 28, 1922) says : 

‘ ‘ The relation of the last portion of the ureter to the vagina is variable. Tliore is usually 
a portion of the ureter in front pf the vagina, lying for a short distance in the cormectiv^ 
tissue between the vagina and bladder, and then in the wall of the bladder itself. 

With the vagma and bladder symmetrically related to each other this portion of the 
ureter IS equal on the two sides ; but deviation from the symmetrical position is the rule 
The resifit is an increase of this portion of the ureter on one side and a corresponding decrease 
on the other. There is frequently no ureter in front of the vagina on one side, tod 
a much longer portion than usual on the other side. inoreior© 

‘‘ In the majority of specimens examined, it is the left ureter that has the greatest 
if occasionally found crossing the middle line of the vagina. . . . 

It must not be forgotten, however, that occasionally the position may be reversed/' 
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supplied by the eleventh and twelfth thoracic and the first lumbar nerves. Finally, it shoots 
into the testis of the same side. 


The UEijrARY Bladder [Vesica Urinaria] 

The urinary bladder (fig. 1223) is a sac which acts as a reservoir for the 
urine ; its size and position vary with the amount of fluid that it contains, and 
also with the state of distension of the neighbouring viscera. “ The mean 
capacity of the living urinary bladder in the male adult is 220 c.c., varying from 
120 c.c. to 320 c.c.” * 

When the empty bladder is firmly contracted, it presents the form of a 


Fig. 1223. median sagittal section through the male pelvis. 
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flattened tetrahedron. It has a base or fundus, an apex, a superior and two in- 
ferolateral surfaces and a neck. The base is triangular in shape, and is directed 
downwards and backwards towards the rectum, from which it is separated by the 
rectovesical fascia, the vesiculm seminales, and the terminal portions of the vasa 
deferentia. The apex is directed forwards towards the upper part of the 
symphysis pubis, and from it the median umbilical ligament (urachus) is con- 
tinued upwards on the back of the abdominal wall to the umbilicus ; the 
peritoneum folded over this ligament forms the median umbilical fold. The 
superior surface is triangular, covered by peritoneum, and is in relation with the 
pelvic colon and the terminal coils of the ileum. It is bounded on each side by a 
lateral border which separates it from the inferolateral surface, and behind by a 
posterior l)order, represented by a line joining the two ureters, which intervenes 
between it and the basal aspect. The lateral borders run from the ureters to the 
apex, and from these borders the peritoneum extends to the walls of the pelvis. 
On each side of the bladder there is a peritoneal depression named the para- 
vesical fossa (fig. 1157). The inferolateral surfaces are directed downwards and 
laterally, and are uncovered by peritoneum. They are separated in front from 

* A. Raipli Thompson, Journal of Anatomy t vol. liii. 
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the symphysis pubis by a mass of fatty tissue named the retropubic pad ; behind, 
they are in contact, on each side, with the fasciae covering the Levator ani and 
Obturator internus. The neck of the bladder rests upon and is in direct con- 
tinuity with the base of the prostate ; it is pierced by the internal urethral 
orifice. It is subject to but little alteration in position with varying conditions 
of the bladder and rectum, and lies a little above the plane of the pelvic outlet. 

When the bladder is empty it is placed entirely within the pelvis, below the 
level of the obliterated umbilical arteries, and of the portions of the vasa 
deferentia which are in contact with the lateral wall of the pelvis. 

As the bladder fills, its superior surface gradually rises into the abdominal 
cavity, carrying with it its peritoneal covering, and at the same time rounding 
off and finally obliterating the posterior and lateral borders. When the bladder 
is distended it assumes an ovoid form, the long diameter being directed up- 

Fig. 1224. — ^The urinary bladder and prostate, viewed from above and Ijehind. 



wards and forwards. In this condition it presents a posterosnperior, an antero- 
ii^erior and two lateral surfaces, a base, and a summit ; owing to tluj oblitera- 
tion of the posterior and lateral borders the four surfacc^s arc not sharply 
marked off from one another. The posterosuperior surface is din^cted uj)- 
wards .and backwards, and is covered with peritoneum ; its po.stcjrior |>art is 
separated from the rectum by the rectovesical pouch, while it.s anterior 
part is in contact with coils of the small intestine. The antero- inferior 
surface is devoid of peritoneum, and rests against the pubic bone.s an(i the 
posterior surface of the anterior abdominal wall. The lower part.s of the 
lateral smfaces are destitute of peritoneum, and are in contact with the lateral 
walls of the pelvis. The line of peritoneal reflection from the lateral surfaces is 
raised to the level of the obliterated umbilical arteries. The base, being more 
or less fipd, is only slightly lowered. It exhibits, however, a narrow triangular 
area, which is separated from the rectum merely by the rectovesical fascia. This 
area is hounded below by the prostate, above by the recto vesical fold of peri- 
toneum, and lateraUy by the vasa deferentia. Thevasadeferentiafrequentlycome 
m contact with each other above the prostate, and when this occurs the lower 
part of the triangular area is obliterated. The line of reflection of the peritoneum 
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from the rectum to the bladder undergoes little or no change when the latter is 
distended ; it is situated about 10 cm. from the anus. The summit of the 
bladder is directed upwards and forwards above the point of attachment of the 
median umbilical ligament, 

and hence the peritoneum, Fio* 1225. — A sagittal section through the pelvis of a 
which follows the ligament, new-born male child, 

forms a pouch of varying . 

depth between the summit ^ / 

and the anterior, abdominal J 

■ In the new-born child 
(figs. 1225, 1226) the inter- 
nal urethral orifice is at the 
level of the upper border of 

the symphysis pubis ; the /SacrMm<^ Sym'p'hyais 

bladder therefore lies rel- 

atively at a much higher ii ' i ii (flP '''\ ^ UrPihra 

level in the infant than in i ;( "1^. ‘ 

the adult. Its anterior sur- V L 

face ‘‘is in contact with 

about the lower two-thirds 

of that part of the abdominal ^ caiiaZ. 

wall which lies between the 

symphysis pubis and the 

umbilicus ” (Symington *). 

Its fundus is clothed with ■ ' ■ . 

peritoneum as far as the " ' 

level of the internal orifice 

of the urethra. Although the bladder of the infant is usually described as 
an abdominal organ, Symington pointed out that only about one-half of it 
lies above the plane of the inlet of the pelvis. Disse maintains that the internal 
urethral orifice sinks rapidly during the first three years of life, and then more 
slowly until the ninth year, after which it remains stationary until puberty, 

when it again slowly de- 
Fxg. 1226.—A sagittal section through the pelvis of a scends and reaches its adult 
new-born female child. Some coils of the small position, 
intestine separated the uterus from the bladder. the female, the bladder 

£ is in relation behind with 

\ iwfcfe'- ^ '*^be uterus and the upper 

vagma (fig. 

tube ' 1227). It is separated from 

Hound anterior surface of the 

ligament body of the uterus by the 

— of uterus utero-vesical pouch, but 

Pdpic |il|0®iI';Pl^ Bladder ^elow the level of this 

colon . pouch it is connected to 

liectimi Symphysis cervix uteri 

■i andtheupperpartofthean- 

Anal ill Vrethra terior wall of the vagina by 

'V' Vagina fibro-areolar tissue. When 

bladder is empty the 
, uterus rests upon its sup- 

■'■ Ligaments. — Eachsideof 

the bladder is connected to 
the tendinous arch of the 
pelvic fascia (p. 574) by a 
condensation of fibro-areolar tissue whi(.h is often termed the lateral true ligament 
of the bladder. Anteriorly the same tissue forms two thickened bands, on 
each side of the median plane, termed the lateral and medial puboprostatic 
ligaments. The lateral fmhoprostatic ligament extends from the anterior end 

* The Anatomy of the Child. 
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of the tendinous arch of the pelvic fascia downwards and medially to blend with 
the upper part of the sheath of the prostate ; the medial puboprostatic ligament is 
attached to the back of the pubic bone near the middle of the symphysis and 
passes downwards and backwards to the sheath of the prostate, forming 
the floor of the retropubic space. The apex of the bladder is joined to 
the umbilicus by the remains of the urachus, which forms the median 
umbilical ligament The lumen of the urachus persists throughout life and is 
lined by modified, transitional epithelium. It frequently communicates with the 
cavity of the bladder.* As the veins of the prostatic venous plexus (pudendal 
plexus) stream backwards from the lateral borders of the base of the bladder to 
join the internal iliac veins, they are enveloped in fibro-areolar tissue, which is 
sometimes termed the posterior ligaments of the bladder. 


Fig. 1227. — A medial sagittal section through the female pelvis. 
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From the superior surface of the bladder the peritoneum is carried off in a 
senes of folds which are sometimes termed the false ligaments of the bladder. 
Anteriorly there are three folds : the median umbilical fold on the median 
umbihcal ligament, and two lateral umbilical folds on the obliterated umbilical 
a^nes (fig 1167). The refiections of the peritoneum from the bladder to the 
side walls of the pelvis form the lateral false ligaments while the saerogenital 
lolds (p. 1308) constitute the posterior false ligaments. 

+ 1 , 1228). — ^The mucous membrane which lines 

the bladder is, over the greater part of the viscus, loosely attached to the mus- 
coat, and appears folded when the bladder is contracted : the folds are 
effaced when the bladder is distended. Over a small triangular area, named the 
trigone of tU bla^r [tngonum vesicce], immediately above and behind the 
mtemal orifice of the urethra, the mucous membrane is firmly bound to the 

* E. C. Begg, J mmol of Anatcmy, vol. Ixiv. 1030. 
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muscular coat, and is always smooth. The anterior angle of the trigone is 
formed by the internal orifice of the urethra : its posterolateral angles by the 
orifices of the ureters. The base of the trigone is formed by a slightly curved 
ridge, termed the interureteric ridge, which connects the two ureteral orifices 
and is produced by the continuation into the bladder wall of the inner longi- 
tudinal coats of the ureters. The lateral parts of this ridge extend beyond the 
openings of the ureters ; they are named the ureteric folds and are produced by 
the terminal portions of the ureters as they run obliquely through the bladder- 
wall. When the living bladder is examined with a cystoscope the interureteric 
ridge appears as a pale band, and forms an important guide during the operation 
of introducing a catheter into the ureter. 

The orifices of the ureters are placed at the posterolateral angles of the 
trigone of the bladder, and are usually slit-like in form. In the contracted 
bladder they are about 2-5 cm, apart and about the- same distance from the 

Fig. 1228. — ^The interior of the bladder. Viewed from in front. 



internal urethral orifice ; in the distended bladder these measurements may be 
increased to about 5 cm. 

The internal urethral orifice is placed at the apex of the trigone, in tlie most 
dependent part of the bladder, and is usually somewhat crescentic in form ; 
the mucous membrane immediately behind it exhibits a slight elevation, 
caused by the median lobe of the prostate and termed the uvula vesicm. 

Structure (fig. 1229). — The bladder is composed of four coats : serous, muscular, sub- 
mucous and mucous. 

The serms coat is a partial one, and is derived from the peritoneum. It invests the 
superior surface and the upper parts of tho lateral surfaces, and is reflected from these on 
to the abdominal and pelvic walls. 

The muscular coat consists of three layers of unstriped muscular fibres : an external and 
an internal of longitudinal fibres, and a middle of circular fibres. 

The fibres of the external longitudinal layer pass in a more or less longitudinal manner, up 
the inferolateral surfaces of the bladder, over its apex, and then descend along its base to 
become attached to the prostate and its capsule in the male, and to the front of the vagina 
in the female. Some of the longitudinal fibres are carried on to the front of the rectum, and 
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are named the Musculus rectovesicalis. Others traverse the medial puboprostatic ligaments 
and are attached to the lower part of the pelvic surface of the pubis on each side. They 
are sometimes termed the mnscvli puhovesicales. At the sides of the bladder the fibres are 
arranged obliquely and intersect one another. 

The fibres of the middle circular layer are very thinly and irregularly scattered on the 
body of the organ, and, although to some extent placed transverse to its long axis, are for 
the most part arranged obliquely. Towards the lower part of the bladder, round the 
internal urethral orifice, they are disposed in a thick circular layer, forming the Sphincter 
vesiccBf which is continuous with the muscular fibres of the prostate. 

The internal longitudinal layer is thin, and its fasciculi have a reticular arrangement, but 
with a tendency to assume for the most part a longitudinal direction. 

Two bands of oblique fibres, originating behind the orifices of the ureters, converge to 
the back part of the prostate, and are inserted by means of a fibrous process into the median 

Fig. 1229.— a vertical section through the wall of the bladder (human). 
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lobe of the organ. They are the muscles of the ureters, described by Sir C. Bell, who sup- 
posed that during the contraction of the bladder they serve to retain the oblique direction 
of the ureters, and so prevent the reflux of the urine into them. 

The submucous coat consists of a layer of areolar tissue, connecting together the muscular 
and mucous coats, and intimately united with the latter. 

The mucous coat is thin, smooth, and of a pale rose colour. It is continuous above with 
that of the ureters, and below with that of the urethra ; the epithelium covering it is of the 
transitional variety,- The loose texture of the submucous layer allows the mucous coat to 
be thrown into folds or rugoe when the bladder is empty. Over the trigonum veBicai the 
mucous membrane is closely attached to the muscular coat, and is not thrown into fV>lds, 
but is smooth and flat. There are no true glands in the mucous membrane of the bladder, 
though certain mucous follicles which exist, especially near the neck of the bladder, have 
been regarded as such. 

Vessels and Nerves.— -The principal arteries of supply to the bladder are the superior 
and inferior vesical, derived from the anterior trunk of the internal iliac (hypogastric) 
artery. The obturator and inferior gluteal arteries also send small branches to it, and 
in the female additional branches are derived from the uterine and vaginal arteries. 

The veins form a complicated plexus on the inferolateral surfaces near the prostate, 
and pass backwards in the posterior ligaments of the bladder to end in the internal iliac 
veins. 

The lymph vessels are described on p. 873. 

The nerves of the bladder are (1) fine meduUated fibres from the second, third, and 
fourth sacral nerves (parasympathetic), and (2) non-meduUated fibres from the hypogastric 
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plexus (sympathetic). They are connected with gangha in the outer and submucous coats, 
and are finally distributed, all as non-meduUated fibres, to the muscular layer and 
epithelial lining of the viscus. 

Applied Anatomy . — When the bladder is distended, it may be ruptured by violence 
applied to the abdominal wall, without any injury to the bony pelvis, or it may be torn 
in cases of fracture of the pelvis. The rupture may be either intraperitoneal or extra- 
peritoneal : that is, may implicate the superior surface of the bladder in the former case, 
or one of the other surfaces in the latter. 

The muscular coat of the bladder undergoes hypertrophy in cases in which there is any 
obstruction to the flow of urine. Under these circumstances the bundles of which the 
muscular coat consists become much increased in size, and, interlacing in all directions, give 
rise to what is known as the fasciculated bladder. Between these muscular bundles the 
mucous membrane may bulge out, forming saccuh, constituting diverticula of the bladder, and 
in these little pouches phosphatic concretions may collect, forming encysted calculi. 

Various forms of tumour have been found springing from the wall of the bladder, and in 
doubtful cases the cystoscope proves a valuable aid in diagnosis. This instrument consists 
of a tube in which is fixed a small electric light, the wires of which run through the shaft of 
the instrument. When it is introduced down the urethra, the bladder can be examined 
with the eye, and a viEous growth or other tumour, a calculus, or an ulcer can be detected ; 
or the orifices of the ureters can be examined, and renal h 03 maturia diagnosed, and it can be 
definitely settled from which kidney the blood comes. The cystoscope can be used to 
catheterise the ureter, for the purpose of obtaining a specimen of urine from either kidney, 
or to ascertain the condition of both kidneys when it is proposed to remove one. Ureteric 
bougies opaque to jc-rays can be passed and photographed. The pelvis of the Iddney can 
be distended with 25 per cent, sodium bromide through the ureter and its shape photo- 
graphed. More satisfactory results are now obtained from X-ray photographs taken after 
the intravenous injection of uroselectan. 

Puncture of the distended bladder may be performed above the symphysis pubis without 
wounding the peritoneum. 

Access to the bladder, for the purpose of removing calculi or an enlarged prostate, is 
almost always effected by the suprapubic route, the perineal operation being rarely resorted 
to. In the female, owing to the shortness of the urethra and its ready dilatability, calculi 
and foreign bodies and new growths, when of small size, may be removed by the urethral 
route. Over-dilatation of the female urethra may cause incontinence of urine. 


The Male Urethra (figs. 1223, 1230) 

The male urethra, from 18 cm. to 20 cm. long, extends from the internal 
urethral orifice in the urinary bladder to the external urethral orifice at the 
end of the penis. It is divided into three portions, viz. prosiatic, membranous, 
and spongy (cavernous), and presents a double curve in the ordinary flaccid 
state of tbe penis (fig. 1223). Except during the passage of fluid along it, the 
urethral canal is a mere slit or cleft ; in the prostatio portion the slit is trans- 
versely arched ; in the membranous portion, irregular or stellate ; in the 
spongy portion, transverse ; while at the external orifice it is sagittal. 

The prostatic portion, which is the widest and most dilatable part of the 
urethra, is about 3 cm. long, and runs almost vertically through the prostate 
from its base to its apex ; it lies nearer the anterior than the posterior 
surface of the prostate. It is widest in the middle, and is narrowest below, 
where it joins the membranous portion : on transverse section it is horseshoe- 
shaped with the convexity directed forwards. 

Upon the posterior wall or floor a narrow median longitudinal ridge is 
formed by an elevation of the mucous membrane and its subjacent tissue 
and is termed the urethral crest (fig. 1236). On each side of the crest 
there is a shallow depression, termed the prostatic sinus, the floor of which 
is perforated by the orifices of the prostatic ducts. Near the middle of the 
urethral crest the colliculus seminalis forms an elevation on which the slit-like 
orifice of the prostatic utricle is situated ; on each side of this orifice there is the 
small opening of the ejaculatory duct. The prostatic utricle is a cul-de-sac about 
6 mm. long, which runs upwards and backwards in the substance of the prostate 
behind the median lobe. Its walls are composed of fibrous tissue, muscular 
fibres, and mucous membrane ; the latter presents the openings of numerous 
small glands. It is developed from the united lower ends of the paramesonephric 
(Mullerian) ducts, and is therefore homologous with the vagina of the female 
(p. 190). The ejaculatory ducts are described on p. 1386. 

a.A. 2x 
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Fig. 


1230 . — ^The male urethra laid open on its 
anterior (upper) surface. 
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The membranous portion is the shortest, least dilatable, and, with the excep- 
tion of the external orifice, the narrowest part of the urethra. It runs doTO- 
wards and forwards, with a slight concavity, from the prostate to the bulb of 
the penis (fig. 1223), perforating the perineal membrane about 2 -6 cm. below 
and behind the pubic symphysis. The hinder part of the bulb ^ue penis lies 
in close apposition with the perineal membrane (inferior foscia of the urogemtal 
diaphragm), but its upper portion diverges somewhat from this fascia ; the 
anterior wall of the membranous urethra is thus prolonged for a short distance 
below the perineal membrane before it reaches the penile bulb ; it measures 

about 2 cm. in length, while 
the posterior wall is only 
1-25 cm. long. 

The membranous portion 
of the urethra is surrounded 
by the fibres of the Sphincter 
urethrse (p. 580). In front 
of it the deep dorsal vein of 
the penis enters the pelvis be- 
tween the transverse perineal 
ligament and the inferior 
(arcuate) pubic ligament ; 
near its termination the 
bulbo-urethral glands are 
placed one on each side. 

The spongy (cavernous) 
portion is contained in the 
corpus spongiosum penis (cor- 
pus cavernosum urethrse). It 
is about 15 cm. long, and 
extends from the end of the 
membranous portion to the 
external urethral orifice on 
the glans penis. Commenc- 
ing below the perineal mem- 
brane it passCvS forwards to 
the front of the lower part of 
the symphysis pubis; and 
then, in the flaccid condition 
of the penis, it bends down- 
wards and forwards. It is 
narrow, with a uniform dia- 
meter of about 6 mm. in the 
body of the penis ; it is 
dilated at its commencement 
to form the intrabulfjar fossa, 
and again within the glans 
penis, where it forms the 
fossa termimlis (fossa navi- 
cularis). The enlargement of the intrabulbar fossa affects the floor and side- 
walls but not the roof of the urethra. The bulbo-urethral glands open into the 
spongy portion of the urethra about 2*5 cm. below the perineal membrane. 

The external urethral orifice is the narrowest part of the urethra : it is a 
sagittal slit, about 6 mm. long, bounded on each side by a small labium. 

The lining membrane of the urethra, except in the most anterior part of the 
tube, presents the orifices of numerous small mucous glands and follicles situated 
in the submucous tissue, and named the urethral glknds. Besides these there 
are a number of small pit-like recesses, or lacunce, of varying sizes ; the orifices 
of these are directed forwards, and may intercept the point of a catheter in its 
passage along the canal. One lacuna, larger than the rest, is situated on the 
upper waU of the fossa terminalis ; it is called lacuna magna. 

Structure. — The urethra is composed of mucous membrane, supported by a submucous 
tissue which connects it with the various structures through which it passes. 
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The mucous membrane of the ure-thra is continuous internally with that of the bladder, 
and externally with the skin covering the glans penis ; it is prolonged into the ducts of the 
urethral, bulbo-urethral and prostatic glands ; and into the vasa deferentia and vesiculse 
seminales, through the ejaculatory ducts. In the spongy and membranous portions of 
the urethra it is aranged in longitudinal folds when the tube is empty. Small papillae are 
found upon it, near the external urethral orifice ; its epithelial lining is of the transitional 
variety as far as the orifice of the ejaculatory duct ; thereafter it is of the columnar variety, 
usually two or three layers deep, except near the external urethral orifice, where it is squamous 
and stratified. 

The submucous tissue consists of a vascular erectile layer ; outside this there is a layer of 
unstriped muscular fibres, arranged into an inner longitudinal and an outer circular layer 
and best marked in the prostatic and membranous portions. 

The lymph vessels of the urethra are described on p. 873. 

Applied Anatomy. — The urethra may be ruptured by the patient falling astride of any 
hard substance and striking his perineum, so that the urethra is crushed against the pubic 
arch. Bleeding will at once take place from the urethra, and this, together with the bruising 
in the perineum and the history of the accident, will point to the nature of the injury. 
Rupture of the urethra is due in other cases to the perforation of a peri-urethral abscess. 
Extravasation of urine most frequently takes place into the perineum superficial to the 
perineal membrane, but deep to the membranous layer of the superficial fascia. Both these 
layers of fascia are attached firmly to the ischiopubic rami. It is clear, therefore, that when 
extravasation of fluid takes place between them, it cannot pass backwards, because the two 
layers are continuous with each other around the Transversi perinsei superficiales ; it cannot 
extend laterally, on account of the connexion of these layers with the rami of the pubis 
and ischium ; it cannot find its way into the pelvis, because the opening into this cavity is 
closed by the perineal membrane, and, therefore, so long as this layer remains intact, the 
only direction in which the fluid can make its way is forwards into the areolar tissue of the 
scrotum and the penis, and thence on to the anterior wall of the abdomen. When the pelvis 
is crushed the urethra may be ruptured above the perineal membrane ; the extravasation 
of urine then takes place into the extra-peritoneal tissue of the pelvis. 

The anatomy of the urethra is of considerable importance in connexion with the passage 
of instruments into the bladder. The urethra is capable of great dilation, so that, ex- 
cepting through the external urethral orifice, an instrument corresponding to 18 English 
gauge (29 French) can usually be passed without damage. The external orifice of the 
urethra is not so dilatable, and therefore may require slitting. In passing catheters, 
especially fine ones, the point of the instrument should be kept as far as possible along the 
upper wall of the canal after the fossa terminalis has been traversed, as otherwise it is 
very liable to enter one of the lacunae. 


The Female Uhbthra (fig. 1227) 

The female urethra is about 4 cm., long and 6 mm. in diameter. It begins at 
the internal urethral orifice of the bladder, and runs dovmwards and forwards 
behind the symphysis pubis, imbedded in the anterior wall of the vagina. It 
perforates the perineal membrane and ends at the external urethral orifice, 
an anteroposterior slit with rather prominent margixis, which is situated directly 
in front of the opening of the vagina and about 2*5 cm. behind the glans 
clitoridis. Except during the passage of fluid the anterior and posterior walls 
of the urethra are in apposition, and the lining membrane is thrown into longi- 
tudinal folds, one of which, placed on the posterior wall of the canal, is termed 
the urethral crest. Many small urethral glands and minute pit-like recesses or 
lacunce open into the urethra. Near the lower end of the urethra there are some 
small glands, which are considered to be the homologues of the prostatic glands 
of the male ; on each side they are grouped together and open into a duct, 
named the ductus paraurethralis, which runs down in the submucous tissue, 
and ends in a small aperture on the lateral margin of the external urethral 
orifice. 

Stracture. — The urethra consists of three coats : muscular, erectile and mucous. 

The muscular coat is continuous with that of the bladder ; it extends the whole length 
of the tube, and consists of inner longitudinal and outer circular fibres. In addition to 
this, above the perineal membrane, the female urethra is surrounded by the Sphincter 
urethrae, as in the male. 

A thin layer of spongy erectile tissue, containing a plexus of large veins, intermixed with 
bundles of unstriped muscular fibres, lies immediately beneath the mucous coat. 
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The mucous coat is pale ; it is contmuous externally with that of the vulva, and intern- 
ally with that of the bladder. It is lined by stratified squamous epithehum, which becomes 
transitional near the bladder. Its external orifice is surrounded by a few mucous follicles. 


THE MALE GENITAL ORGANS 

The male genital organs include the testes and epididyMides, the vasa deferentia, 
the vesiculcB seminales, the ejaculatory ducts and the penis ^ together with the 
following accessory structures, viz. prostate and the bulbo-urethral glands. 

The Testes 

The testes, the reproductive glands in the male, are suspended in the 
scrotum by the spermatic cords, the left testis hanging somewhat lower than its 
fellow. The average dimensions of the testis are from 4 cm. to 5 cm. in length, 
2*5 cm. in breadth, and 3 cm. in the anteroposterior diameter ; its weight varies 
from 10*5 gm. to 14 gm. Each testis is of aii oval form (fig. 1231), compressed 


Eio. 1231 .— The right testis. Exposed by laying open the 
tunica vaginalis. 



laterally, and has an oblique position in the scrotum ; the upper extremity is 
directed forwards and a little laterally ; the lowx*r, baekw^ards and a little 
medially. The anterior border is convex, and looks forwardvS and downwards ; 
the posterior border, nearly straight, looks backwards and upw^ards ; to it the 
spermatic cord is attached. 

The anterior border, the medial and lateral surfaces, and the extremities of 
the testis, are convex, free, smooth, and invested by the visceral layer of the 
tunica vaginalis (p. 1381). The posterior border receives only a partial invest- 
ment from that membrane. The epididymis lies along the lateral part of the 
posterior border. 

The epididymis consists essentially of a tortuous canal wdiicii forms the first 
part of the efferent duct of the testis. This canal is folded on itself and tightly 
packed into the form of a long, narrow, flattened body attached to the lateral 
part of the posterior border of the testis. It consists of a central portion, or 
body ; an upper enlarged end, or head ; and a lower pointed end, or tail. The 
head is intimately connected with the upper end of the testis by means of the 
efferent ductules of the gland ; the tail is connected wnth the lower end by 
cellular tissue and a refiection of the tunica vaginalis. The lateral surfaces of 
the head and tail of the epididymis are free and covered by the tunica vaginalis ; 
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the body is also invested by it, except at its posterior border. A recess of the 
tunica vaginalis, named the sinus of the epididymis, lies between the body of the 
epididymis and the lateral surface of the testis. 

The appendxiges of the testis and epididymis. — On the upper extremity of the 
testis, just beneath the head of the epididymis, there is a minute, oval, sessile 
body, termed the appendix of the testis ; it is the remnant of the upper end of 
the paramesonephric duct. On the head of the epididymis there is a small, 
stalked appendage (sometimes duplicated); it is named the appendix of the 
epididymis, and is usually considered to be a derivative of the mesonephros. 

The testis is invested by three tunics : the tunica vaginalis, tunica albu- 
ginea and tunica vasculosa. 

The tunica vaginalis is the lower portion of the processus vaginalis of the 
peritoneum, which, in the foetus, preceded the descent of the testis from the 
abdomen into the scrotum (p. 192). After the testis has reached the scrotum 
the upper part of the processus vaginalis, viz. from the deep inguinal ring to 
within a short distance of the testis, contracts and undergoes obliteration. The 
lower portion remains as a closed sac, which invests the surface of the testis, 
and is reflected on to the internal surface of the scrotum ; hence it may be 
described as consisting of a visceral and a parietal layer. 

The visceral layer covers the lateral and medial surfaces and the anterior 
border of the testis, but leaves the posterior border uncovered. At the medial 
side of the posterior border it is reflected forwards to become continuous with the 
parietal layer (fig. 1237). At the lateral side of the posterior border it is reflected 
on to the medial aspect of the epididymis, lining the sinus of the epididymis, and 
then over its lateral aspect as far as its posterior border (fig. 1237), where it is 
reflected forwards to become continuous with the parietal layer. The continuity 
between the visceral and parietal layers is established also at the upper and 
lower poles of the testis, but at the upper pole the visceral layer covers the upper 
surface of the head of the epididymis before being reflected. 

The parietal layer is more extensive than the visceral ; it reaches below 
the testis and extends upwards for some distance in front and on the medial 
side of the spermatic cord. The inner surface of the tunica vaginalis is smooth, 
and covered with a layer of endothelial cells. The potential space between the 
visceral and parietal layers constitutes the cavity of the tunica vaginalis. 

The obliterated portion of the processus vaginalis may frequently be seen as 
a fibrous thread in the anterior part of the spermatic cord ; sometimes this 
thread may be traced from the upper end of the inguinal canal, where it is con- 
nected with the peritoneum, down to the tunica vaginalis ; sometimes it is lost 
in the spermatic cord. In some instances the upper part of the processus 
vaginalis is not obliterated, and tfie peritoneal cavity then communicates with 
the tunica vaginalis ; in others the upper part of the processus vaginalis may 
persist but its lower end is shut off from the tunica vaginalis. 

The tunica albuginea forms a fibrous covering for the testis. It is a dense 
membrane, of a bluish- white colour, composed of interlacing bundles of white 
fibrous tissue. It is covered with the visceral layer of the tunica vaginalis, 
except at the head and tail of the epididymis, and along the posterior border of 
the testis, where the testicular vessels and nerves enter the gland. It is api)Iied 
to the tunica vasculosa, and, at the posterior border of the testis, is projected 
into the interior of the gland, forming an incomplete, vertical septum, called 
the mediastinum testis. 

The mediastinum testis extends from the upper to near the lower end of the 
gland, and is wider above than below. From its front and sides numerous im- 
perfect septa [septa testis’] are given off and radiate towards the surface of the 
testis, where they are attached to the deep aspect of the tunica albuginea. 
They divide the testis incompletely into a number of cone-shaped lobes. 

The bases of the lobes are at the surface of the testis, and their apices con- 
verge to the mediastinum. The mediastinum supports the vessels and ducts of 
the testis in their passage to and from the substance of the gland. 

The tunica vasculosa is the vascular layer of the testis, consisting of a plexus 
of blood-vessels held together by delicate areolar tissue. It lines the tunica 
albuginea and clothes the septa, and therefore forms an investment to all the 
lobes of the testis. 
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Fig. 1232 . — vertical section through 
the testis, to show the arrangement 
of the ducts. Diagrammatic. 


Tunica vaginalis 
Tunica albuginea 


Septula testis 


Structure. — The serous covering of the testis consists of a layer of flattened endothelial 
ceUs ai-Tr'il«.r to those which line the peritoneal cavity. The glandular structure of the testis 

consists of the lobes of the testis (fig. 1232). 
Their number, in a single testis, is estimated by 
Berres at 250, and by Krause at 400. They 
differ in size according to their position, those in 
the middle of the testis being larger and longer. 
Each lobe consists of from one to three, or 
more, minute convoluted tubes, termed the con- 
voluted seminiferous tubules [tubuli seminiferi 
convoluti]. When the tubules have been un- 
ravelled by careful dissection under water, they 
are seen to commence either by free blind ends 
or by anastomotic loops. They are supported 
by loose connective tissue which contains here 
and there groups of interstitial cells (fig. 1233) 
containing yellow pigment granules. The total 
number of tubules is estimated by Lauth at 840, 
and the average length of each is 70 cm. to 
80 cm. Their diameter varies from 0*12 mm. 
to 0*3 mm. The tubules are pale in colour in 
early life, but in old age they contain much fatty 
matter and acquire a deep yeUow tinge. Each 
tubule (fig. 1233) consists of a basement-layer 
formed of laminated connective tissue contain- 
ing numerous elastic fibres, with flattened cells 
between the layers, and covered externally 
with a layer of flattened epithelioid cells. 
Within the basement-membrane epithelial cells 
are arranged in three irregular layers. 1. An 
outer layer of cubical cells, with small nuclei ; 
some of these enlarge to become spermatogonia. 
of the spermatogonia may be seen to be in process of indirect 
and in consequence of this, daughter cells are formed which 
constitute the second zone, 2, Larger polyhedral cells, with clear nuclei, arranged in two 
or three layers ; these are the intermediate cells or spermatocytes. Most of these cells are 
in a condition of indirect division, and the cells which result from this division form those of 
the next layer. 3, The third layer of cells consists of the spermatids^ each of which becomes 
a spermatozoon. The spermatids are small polyhedral cells, the nucleus of each containing 
half the usual number of chromosomes. The changes which occur during the conversion of 
the spermatids into spermatozoa are described and illustrated on p. 4i). In addition to 
these three layers of cells, others, termed the supporting cells, or cells of Sertoli, arc seen. 
They are elongated and columnar, and project inwards from the basement-membrane 
towards the lumen of the tube. As development of the spermatozoa proceeds, the latter 
group themselves upon the inner extremities of the supporting cells. Ultimately the 
spermatozoa are liberated and set free. The structure of the spermatozoa is (l(.‘8cribcd on 
p. 48. 



The nuclei of some 
division (see p. 2), 


In the apices of the lobes, the tubules become less convoluted, assume a nearly straight 
course, and unite at acute angles to form from twenty to thirty larger straight ducts, of 
about 0*5 mm. in diameter, called tubuli seminiferi recti (tig. 1232). 

The straight seminiferous tubules [tubuli seminiferi recti] enter the fibrous tissue of the 
mediastinum, and pass upwards and backwards, forming, in their Jiscent, a close network of 
anastomosing tubes which are merely chaxmels in the fibrous stroma, lined by flattened 
epithelium, and having no proper walls ; this network is named the rele testis. At the upper 
end of the mediastinum these channels terminate in from tw^elve to twenty ducts, kirrned the 
efferent ductules ; they perforate the tunica albuginea, and carry the seminal fluid from the 
testis to the epididymis. Their course is at first straight ; then they become eniarge^d and 
exceedingly convoluted, and form a series of conical masses, known as the lobules of the 
epididymis, which together constitute the head of the epididymis. Each lobule consists of a 
single convoluted duct, from 15 cm. to 20 cm. in length Opposite thtj bases of tins lobules 
the ducts open into a single canal, which constitutes, by its complex convolutions, the body 
and tail of the epididymis. When the convolutions are unravelled, this nu^asures u[)- 
wards of 6 metres in length ; it increases in diameter and thickness as it approaches the tail 
of the epididymis where it becomes the vas deferens. The convolutions are held together by 
fine areolar tissue, and by bands of fibrous tissue. 

The efferent ductules and the canal of the epididymis liave walls of considerable 
thickness, on account of the presence in them of muscular tissue, which is principally 
arranged in a circular manner. These tubes are lined by ciliated columnar epithelium 
(fig. 1234). 



THE TESTES 


1383 


Vessels and Nerves. — The testicular artery is a branch of the abdominal aorta. It 
divides into several branches, some of which ramify in the tunica vasculosa, while others 
traverse the mediastinum testis and, after dividing on the septa testis, supply the semini- 

Fig. 1233. — A transverse section through a part of a human testis. Stained 
with hsematoxylin and eosin. x 350. 



ferous tubules. Twigs are also given to the epididymis, and anastomose with the artery of 
the vas deferens. The veins emerge from the back of the testis and, after receiving tributaries 
from the epididymis, unite to form the pampiniform plexus (p. 839). 

Fig. 1234. — A transverse section tlirough the tube of the adult human epididymis. 
Stained with hasmatoxylin and eosin. x 350. 



The lymph vessels of the testis end in the lateral and pre-aortic lymph-glands (p. 873). 
The nerves accompany the testicular vessels, and are derived from the tenth thoracic 
segment of the spinal cord, through the renal and aortic plexuses. 
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Applied A 7 iatomy.—A.t an early period of foetal life the testes are placed in the posterior 
part of the abdominal cavity. Their descent into the scrotum is described on p. 192, The 
descent of the testis may be arrested. It may be retained in the abdomen ; or it may be 
arrested at the deep inguinal ring, or in the inguinal canal ; or it may just pass out of 
the superficial inguinal ring without finding its way to the bottom of the scrotum. W^hen 
retained in the abdomen it gives rise to no signs or symptoms, other than the absence of the 
testis from the scrotum. When it is retained in the inguinal canal it is subjected to pressure 
and may become inflamed and painful. The retained testis is probably useless sexually ; 
so that a man in whom both testes are retained {jmorchism) is sterile, though he may not be 
impotent. The absence of one testis is termed TuotioTcliisitTi. When a testis is retained in 
the inguinal canal it is often complicated with a congenital hernia, the processus vaginalis 
of the peritoneum not being obliterated. The testis may descend through the inguinal canal, 
but may miss the scrotum and assume some abnormal position (p. 192). 

The testis may be inverted within the scrotum so that its posterior or attached border 
is directed forwards and the tunica vaginalis is situated behind. Should a hydrocele occur, 
and tapping be resorted to, the trocar may be thrust into the testis, unless care be taken 
beforehand to ascertain the position of the gland. 

A number of instances of torsion of the spermatic cord, resdlting in acute strangulation 
of the testis, have been recorded. In some it has been attributed to a strain or twist, and 
in several patients the condition has been associated with a late descent of the organ. In 
consequence of* the torsion the circulation is partly arrested and the organ swells and be- 
comes acutely painful, and the condition may be accompanied with shock and vomiting. 

Fluid collections of a serous character are firequently foimd in the scrotum. To these 
the term hydrocele is applied. The most common form is the ordinary vaginal hydrocele, 
in which the fluid is contained in the sac of the tunica vaginalis. In another form, the con- 
genital hydrocele, the fluid is in the sac of the tunica vaginalis, but this sac communicates 
with the general peritoneal cavity owing to the non-obliteration of the upper part of the 
processus vaginalis. A third variety, known as an infantile hydrocele, occurs in those cases 
where the processus vaginalis is obliterated only at or near the deep inguinal ring. It 
resembles the vaginal hydrocele, except as regards its shape, the collection of fluid extending 
up the cord into the inguinal canal. Fourthly, the processus vaginalis may be obliterated 
both at the deep inguinal ring and above the epididymis, leaving a central unobliterated 
portion, which may become distended with fluid, giving rise to a condition loiown as encysted 
hydrocele of the cord. 

Encysted hydrocele of the epididymis, or spermatocele, is the name given to a cyst found in 
connexion with the head of the epidid 3 nhis. . Among its contents are found a varying number 
of spermatozoa, and it is probably a retention cyst of one of the tubules. 

The Vas Defeeens 

The vas deferens (ductus deferens) is the continuatioix of the canal of the 
epididymis (fig. 1232). Commencing at the lower i>art of the tail of the epi- 
didymis, it is at first very tortuous, but gradually becoming straigh ter it ascends 
along the posterior border of the testis and the medial side of the epididymis. 
From the upper pole of the testis it runs upwards in the posterior part of the 
spermatic cord, and traverses the inguinal canal to the deep inguinal ring. 
Here it separates from the other structures of the spermatic cord, curves round 
the lateral side of the inferior epigastric artery, and ascends for about 2*5 cm. in 
front of the external iliac artery. It is next directed backwards and slightly 
downwards, and, crossing the external iliac vessels obliquely, enters tlie pelvic 
cavity, where it is continued backwards between the peritoneal membrane and 
the lateral wall of the pelvis, and on the medial side of the obliterated umbilical 
artery, the obturator nerve and vessels, and the vesical vessels (fig. 1223). It 
then crosses in front of the ureter (fig. 1235), and, reaching the medial side of 
this tube, bends at an acute angle, and runs medially and slightly forwards 
between the base of the bladder and the upper end of the seminal vesicle. 
Reaching the medial side of the seminal vesicle, it is directed downwards and 
medially in contact with it, and gradually approaches the opposite vas. Here 
it lies between the base of the bladder and the rectum, from which it is separated 
by the rectovesical fascia. Lastly, it passes downwards to the base of the 
prostate, and is joined at an acute angle by the duct of the seminal vesicle to 
form the ejaculatory duct (fig. 1236), which traverses the prostate behind its 
median lobe and opens into the prostatic portion of the urethra, close to the 
orifice of the prostatic utricle. Owing to the thickness of its wall relative to the 
small size of its lumen, the vas deferens feels hard and cord-like when grasped 
by the finger and thumb. Its canal in the greater part of its extent is of ex- 
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tremely small calibre, but at the base of the bladder it becomes dilated and tort- 
uous, and this portion is termed the ampulla ; its terminal portion, which j oins the 
duct of the seminal vesicle, is again greatly diminished in calibre (fig. 1236). 

Ductuli aberrantes, — A long narrow tube, termed the ductulus aberrans inferior, is fre- 
quently found connected with the lower part of the canal of the epididymis, or with the com- 
mencement of the vas deferens. Its length, when it is uncoiled, varies from 5 cm. to 35 cm., 
and it may be dilated towards its blind extremity, or may be of uniform diameter throughout. 
Its structure is similar to that of the vas deferens. Occasionally it is found unconnected with 
the epididymis. A second tube, termed the ductulus aberrans superior, occurs in the head of 
the epididymis, and is connected with the rete testis. 

Paradidymis. — This term is applied to a small collection of convoluted tubules, situated 
in front of the lower part of the spermatic cord above the head of the epididymis. These 
tubes are lined with ciliated columnar epithelium, and probably represent the remains of a 
part of the mesonephros (p. 185). 

Structure. — The vas deferens consists of three coats : (1) an external or areolar coat ; 
(2) a muscular coat, which in the greater part of the tube consists of two layers of unstriped 
muscular fibres : an outer, longitudinal in direction, and an inner, circular ; but at the 
commencement of the vas there is a third layer, consisting of longitudinal fibres, and placed 
between the circular stratum and the mucous membrane ; (3) an internal, or mucous coat, 
which is pale, and arranged in longitudinal folds. The mucous coat is lined with columnar 
epithelium, which is non-ciliated throughout the greater part of the tube ; a variable 
portion of the testicular end of the tube is lined with two strata of columnar cells, those of 
the superficial layer being ciliated. 

The Seminal Vesicles and Ejaculatory Ducts 

The seminal vesicles (fig. 1235) are two sacculated pouches, placed be- 
tween the base of the bladder and the rectum. Each vesicle is about 5 cm. 

Fig. 1235. — ^The bladder, seminal vesicles, etc. Viewed from above and behind. 



long, and is somewhat pyramidal in form, the broad end being directed back- 
wards, upwards and laterally. It consists of a tube, coiled upon itself, and 
giving off several irregular diverticula (fig. 1236) ; the separate coils, as well as 
the diverticula, are connected together by fibrous tissue. When uncoiled, the 
tube is about the diameter of a quill, and varies in length from 10 cm. to 1 5 cm. ; 

G.A. 2x2 
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it ends above in a cul-de-sac ; its lower extremity becomes constricted into 
a narrow straight duct, which joins with the corresponding vas deferens to 
form the ejaculatory duct. The anterior surface is in contact with the base of 
the bladder, extending from near the termination of the ureter to the base of 
the prostate. The ^posterior surface rests upon the rectum, from which it is 
separated by the rectovesical fascia. The vesicles diverge from each other 
above, and are in relation with the vasa deferentia and the terminations of 
the ureters, and are partly covered with peritoneum ; each is enveloped in a 
dense, fibromuscular sheath. Along the medial margin of the vesicle runs the 
ampulla of the vas deferens. Lateral to the vesicle, the veins of the prostatic 
venous (pudendal) plexus pass backwards to join the interna] iliac vein. 


Structure. — The seminal vesicles are composed of three coats : an external or areolar 
coat ; a middle or muscular coat^ thinner than that of the vas deferens and arranged in 
two layers, an outer longitudinal and an inner circular ; an internal or mucous coat^ which 

is pale, of a whitish-brown colour. 

Fig. 1236. — The seminal vesicles, the terminal portions ' “ “ 

of the vasa deferentia, and the prostate, exposed 
from in front. The anterior walls of the right 
seminal vesicle and of the ampulla of the right vas 
deferens have been removed, and the prostatie part 
of the urethra has been opened from in front by the 
removal of a portion of the prostate. 


and presents a delicate, reticular 
structure. The epithelium is colum- 
nar, and in the diverticula goblet- 
cells are present, the secretion of 
which forms a large part of the 
seminal fluid. 


vas deferens 
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Urethal crest- 

Orifice of 
prostatie utricle 



Vessels andNerves.~The arteries 
supplying the seminal vesicles are 
derived from the inferior vesical, 
and the middle rectal arteries. The 
vems and lymph vessels accompany 
the arteries. The nerves are derived 
from the pelvic plexuses. 

Applied Anatomy. — The seminal 
vesicles are often the seat of the 
disease in cases of tuberculosis of 
the genito-urinary tract, and should 
always be examined from the rect- 
um, in cases where the testes are 
involved. They also become affected 
in chronic posterior urethritis of 
gonorrhoeal origin. An abscess of 
the seminal vesicle may rupture 
into the peritoneal cavity and cau.se 
fatal peritonitis. 


The ejaculatory ducts (fig. 1236) are two in number, one on eacli side of the 
median plane. ^ Each is formed by the union of the duct of the seminal vesicle 
with the terminal part of the vas deferens, and is nearly 2 cm. long. They 
commence at the base of the prostate, run forwards and downwards between the 
m^ian and right (or left) lobes, pass along the sides of the prostatie utricle, a nd 
end on the colliculus seminalis in slit-like orifices on, or just within, the margins 
of the opening of the prostatie utricle (p. 1377). The ducts dimmish in size, and 
also converge, towards their terminations. 


Structure.— -The coats of the ejaculatory ducts are extremely thin. They are : an outer 
fibrous layer, which is almost entirely lost after the entrance of the ducts into the T)roHtate ; 
a kiyer of muscular fibres, consisting of a thin outer circular, and an inner longitudinal layer : 
and mucous membrane. 


The Spermatic Cord and its Coverings 

When the testis descends through the abdominal wall into the scrotum, it 
drags ite vessels and nerves and the vas deferens with it. These structures meet 
a he deep mgumal rmg and together form the spermatic cord, which suspends 

K!! iVfw extends from the deep inguinal ring to the ].osterior 

borto of the testis ; the left spermatic cord is a little longer than the right. 

Ihe spermatic cord traverses the inguinal canal (p. 571) and in so doing 

nn different layers which form the abdominal wall 

Ihese coverings extend downwards into the waU of the scrotum and are named 
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from within outwards, the internal spermatic, cremasteric and external sper- 
matic fasciae. 

The internal spermatic fascia is a thin layer which loosely invests the sper- 
matic cord, and is derived from the transversalis fascia (p. 571). 

The cremasteric fascia consists of a number of muscular fasciculi, united to 
one another by areolar tissue ; the muscular fasciculi constitute the Cremaster 
and are continuous with the Obliquus internus abdominis (p. 566). 

The external spermatic fascia is a thin fibrous membrane continuous above 
with the aponeurosis of the Obliquus externus abdominis, and prolonged down- 
wards from the crura of the superficial ring (p. 563). 

Structure of the spermatic cord. — The spermatic cord is composed of arteries, veins, 
lymph vessels, nerves, and the vas deferens, connected together by areolar tissue. 

The arteries of the spermatic cord are : the testicular artery, the artery to the cremaster 
and the artery of the vas deferens. 

The testicular artery, a branch of the abdominal aorta (p. 771), escapes from the abdominal 
cavity at the deep inguinal ring, and accompanies the other constituents of the spermatic 
cord along the inguinal canal and through the superficial inguinal ring into the scrotum. 
It then descends to the testis, and, becoming tortuous, divides into several branches, two or 
three of which accompany the vas deferens and supply the epididymis, anastomosing with 
the artery of the vas deferens ; the others supply the substance of the testis. 

The artery to the cremaster (external spermatic artery) is a branch of the inferior epigastric 
artery (p. 784). It supplies the coverings of the spermatic cord, and anastomoses with the 
testicular artery. 

The artery of the vas deferens, a branch of either the inferior or the superior vesical artery 
(p. 777), is a long slender vessel which accompanies the vas deferens, ramifying upon its 
coats, and anastomosing with the testicular artery near the testis. Near its origin it sends 
a small branch downwards to supply the ampulla of the vas deferens and the seminal vesicle. 

The testicular veins emerge from the back of the testis, and receive tributaries from the 
epididymis : they unite and form a convoluted plexus, named the pampiniform plexus, 
which constitutes the chief mass of the cord ; the vessels composing this plexus are very 
numerous, and ascend in front of the vas deferens ; below the superficial inguinal ring they 
unite to form three or four veins which pass along the inguinal canal, and, entering the 
abdomen through the deep inguinal ring, coalesce to form two veins. These again unite to 
form a single vein, which opens on the right side into the inferior vena cava, at an acute 
angle, and on the left side into the left renal vein, at a right angle. 

The lymph vessels of the testis are described on p. 873. 

The nerves are (1) the genital branch of the genitofemoral nerve (p. 1113), and (2) the 
testicular plexus of the sympathetic (p. 1151), joined by filaments from the pelvic plexus 
which accompany the artery of the vas deferens. 

The Soeotum 

The scrotum is a cutaneous pouch containing the testes and the lower parts 
of the spermatic cords, and placed below the pubic symphysis in front of the 
upper parts of the thighs. It is divided on its surface into a right and a left 
portion by a ridge, or raphe, which is continued forwards to the under surface of 
the penis, and backwards along the middle line of the perineum to the anus ; 
the left portion hangs lower than the right, in correspondence with the greater 
length of the left spermatic cord. The external appearance varies under 
different circumstances : thus, under the influence of warmth, and in old and 
debilitated persons, the scrotum is elongated and flaccid ; but, under the influ- 
ence of cold, and in the young and robust, it is short, corrugated, and closely 
applied to the testes. It consists of the skin and the dartos muscle, together 
with the external spermatic, cremasteric and internal spermatic fasciae, already 
described in connexion with the spermatic cord. The inner surface of the internal 
spermatic fascia is in contact with the layer of the tunica vaginalis (fig. 1237). 

The ski7i is very thin, of a brownish colour, and generally thrown into folds 
or rugse. It is beset with thinly scattered, crisp hairs, the roots of which are 
visible through the skin ; it is provided with sebaceous follicles, the secretion of 
which has a peculiar odour. 

The dartos muscle is a thin layer of non-striped muscular fibres, continuous 
around the base of the scrotum, with the superficial fascia of the groin and of 
the perineum. It sends inwards a septum, which connects the raphe to the 
under surface of the root of the penis, and divides the scrotal pouch into two 
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cavities for the testes. The dartos muscle is closely united to the skin, but is 
connected with the subjacent parts by delicate areolar tissue, upon which it 
glides with the greatest facility. 


Fig. 1237. — A transverse section through the left half of the scrotum and the 
left testis. The sac of the tunica vaginalis is represented in a distended 
condition. Diagrammatic. (Delepine.) 
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‘>1® scrotum are: the external pudendal 
branch® of the femoral artery (p. 789), the scrotal branches of the internal pudendal artery 
(p. 77y h and the cremasteric branch from the inferior epigastric artery (]>. 784). The vHm 
correspondmg arteries. The lymph vmeU end in the inguinal lymph- 
fu and genital branch of the genitofeim.ral 

ifVii fL • branches of the perineal nerve (p. 1 128), and the perineal branch 

ot the postenor femoral cutaneous nerve (p. 1122). 

^n^oTOy.— The scrotum forms an admirable covering for the protection of the 
suspended and loose in the cavity of the scrotum and sur- 
capable of gr^t mobility, and can therefore ea.sily slip 
about withm the scrotum, and thus avoid mjuries from blows or squeezes. Tlic skin of 
very elastic and capable of great distension, and on account of the looseness 
mount of subcutaneous tissue, the scrotum becomes greatly enlarged in cases of 
oedema, to which this part is especially liable as a result of its^deiiendeut iLition. 


The Penis 

nubi?tr^eh^ ^ pendulous organ suspended from the front and .sides of the 
pubic arch a,nd contammg the greater part of the urotlira. In the flaccid 

triangular prism \wth rounded angles, one side of the prism forraintr the 

tiSrbonndZXr h ^ cylindrical masses of eitct ile 

nssue bound together by fibrous tissue and covered with skin. Two of the 

masses m placed side by side, and are known as the corpora cavenwm pm li- 
the third, median in position and beneath the other two rtravS^ l^^ l e 

spongy part of the urethra, and is termed the corpwa sponmomm vmh fcorniis 
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the pubic arch. Traced from behind forwards each crus begins as a blunt- 
pointed process in front of the tuberosity of the ischium. Just before it meets 
its fellow it presents a slight enlargement. Beyond this point the crus undergoes 
a constriction and merges into the corpus cavernosum proper, which retains a 
uniform diameter to its anterior end. Each corpus cavernosum penis ends 
abruptly in a round extremity a short distance from the end of the penis. 

The corpora cavernosa penis are surrounded by a strong, fibrous envelope 
consisting of superficial and deep fibres. The superficial fibres are longitudinal 
in direction, and form a single tube which encloses both corpora ; the deep 
fibres are arranged circularly 
round each corpus, and form by 
their junction in the median plane 
the septum of the penis. This 
septum is thick and complete be- 
hind, but is imperfect in front, 
where it consists of a series of 
bands arranged like the teeth of 
a comb ; it is therefore sometimes 
named the septum pectiniforyne. 

The corpus spongiosum penis 
(corpus cavernosum urethrae) 
contains the spongy part of the 
urethra. Behind, it is expanded 
to form the bulb of the penis, 
and lies in apposition with the 
perineal membrane, from which 
it receives a fibrous investment. 

The urethra enters the bulb nearer 
to the upper than to the lower 
surface. On the lower surface of 
the bulb there is a median sulcus, 
from which a thin fibrous septum 
projects into the substance of the 
bulb and divides it imperfectly 
into two lateral lobes or hemi- 
spheres. 

The portion of the corpus 
spongiosum penis in front of the 
bulb lies in a groove on the under 
surface of the conjoined corpora 
cavernosa penis. It is cylindrical 
in form and tapers slightly from 
behind forwards. Its anterior end 
suddenly expands to form an ob- 
tuse cone, named the glans penis. 

For descriptive purposes it is 
convenient to divide the penis into 
three regions : the root, the body, 
and the extremity. 

The root of the penis is triradiate in form, consisting of the diverging crura, 
one on each side, and the bulb of the penis in the median plane (fig. 1238). Each 
crus is covered with the Ischio-cavernosus, while the bulb is surrounded by the 
Bulbo-spongiosus. The root of the penis lies in the perineum between the 
perineal membrane and the membranous layer of the superficial fixscia. In 
addition to being attached to the fascise and the pubic rami, it is bound to the 
front of the symphysis by the fundiform and suspensory ligaments. The 
fundiform ligament springs from the lower part of the linea alba and from the 
adjoining parts of the sheaths of the Recti abdominis ; it splits into two 
fasciculi which pass one on each side of the penis and unite below with the 
septum of the scrotum. The suspensory ligament is triangular in shape ; it is 
attached above to the symphysis pubis ; below, it blends with the fibrous 
envelope of the corpora cavernosa penis. 


Fig. 1238. — The constituent cavernous cylinders 
of the penis. The glans penis and the anterior 
part of the corpus spongiosum penis are de- 
tached from the corpora cavernosa penis and 
turned to one side. 
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The body of the penis extends from the root to the anterior end of the corpora 
cavernosa penis. In the body the corpora cavernosa are intimately bound to 
each other ; a shallow groove which marks their junction on the upper surface 
lodges the deep dorsal vein of the penis, while a deeper and wider groove between 

them on the under surface con- 
tains the corpus spongiosum 
penis . The body is ensheathed 
by fascia, which is continuous 
above with the membranous 
layer of the superficial fascia 
of the abdominal wall above, 
and of the perineum below. 

The extremity is formed by 
the glans penis, the expanded 
anterior end of the corpus 
spongiosum penis. The glans 
penis is somewhat conical in 
shape and its concave base 
covers, and is attached to, the 
ends of the corpora cavernosa. 
The projecting margin of its base is named the corona glandis, and the constriction 
behind the latter is known as the neck of the penis. The terminal part of the 
urethra, runs through the glans penis, and ends in a sagittal slit on its apex. 

The skin covering the penis is remarkable for its thinness, its dark colour, its 
looseness of connexion with the fibrous envelope of the organ, and the absence 
of adipose tissue. At the root of the penis it is continuous with the skin over 
the pubes, scrotum and perineum. At the neck of the penis it is folded upon 
itself to form the prepuce or foreskin, which overlaps the glans for a variable 
distance. The internal layer of the prepuce is confluent along the line of the 
neck with the thin skin which covers, and adheres firmly to, the glans, and is 
continuous with the mucous membrane of the urethra at the external urethral 
orifice. On the under surface of the glans penis a small median fold passes from 
the deep surface of the prepuce to a point on the glans immediately behind the 
external urethral orifice ; this median fold is named the frenulum of the prepuce. 
The prepuce is separated from the glans penis by a potential sac — the preputial 
sac — which presents two shallow fossae, one on each side of the frenulum. On 
the corona of the glans and on the neck of the penis there are numerous small 
preputial glands ; these secrete a sebaceous material named the smegma, which 
possesses a very peculiar odour. 

Structure of the penis. — From the internal surface of the fibrous envelope of the corpora 
cavernosa penis, as well as from the sides of the septum, numerous trabeculm arise, and 
cross the corpora cavernosa in all directions, subdividing them into a number of cavernous 
spaces, and giving the entire structure a spongy appearance (fig. 1239). These trabeculae 
consist of white fibrous tissue, elastic fibres and plain muscular fibi*es, and they contain 
numerous arteries and nerves. The cavernous spaces are filled with blood, and are lined 
with a layer of flattened cells similar to the endothelial lining of veins. 

The fibrous envelope of the corpus spongiosum penis is thinner, whiter in colour, and 
more elastic than that of the corpora cavernosa penis. The trabeculae are more delicate, 
and the meshes between them are smaller than in the corpora cavernosa penis. The en- 
velope of the corpus spongiosum penis is formed partly of unstriped muscular fibres, and a 
layer of the same tissue surrounds the canal of the urethra. 

Vessels and Nerves. — The arteries bringing the blood to the cavernous spaces are the 
deep arteries of the penis, and branches from the dorsal arteries of the penis, which perforate 
the fibrous capsule along the upper surface, especially near the extremity of the organ. 
On entering the cavernous structure the arteries divide into branches which are supported 
and enclosed by the trabeculae. Some of these arteries end in a capillary network, the 
branches of which open directly into the cavernous spaces ; others assume a tendril-like 
appearance, and form convoluted and somewhat dilated vessels, named helicine arteries. 
They open into the cavernous spaces, and from them small capillary branches go to supply 
the trabecular structure. They are most abundant in the posterior parts of the corpora 
cavernosa. 

The blood from the cavernous spaces is returned by a series of vessels, some of which 
emerge from the base of the glans penis and converge on the dorsum of the penis to form the 


Fig. 1239. — transverse section through the penis. 
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deep dorsal vein ; others pass out on the upper surface of the corpora cavernosa and join 
the same vein ; some emerge from the under surface of the corpora cavernosa penis and, 
receiving branches from the corpus spongiosum penis, wind round the sides of the penis 
to end in the deep dorsal vein ; but many pass out at the root of the penis and join the 
prostatic plexus. 

The nerves are derived from the second, third and fourth sacral nerves, through the 
pudendal nerve and the pelvic plexuses. On the glans and on the bulb of the penis some 
filaments of the cutaneous nerves have lamellated corpuscles connected with them, and 
many of them end in peculiar end-bulbs (p. 1216 ). 


The Prostate 

The prostate (figs. 1223, 1235) is a firm, partly glandular and partly mus- 
cular body, surrounding the commencement of the urethra. It is situated in the 
pelvic cavity, behind the lower part of the symphysis pubis and the upper part 
of the pubic arch, and in front of the ampulla of the rectum. It is about the 
size of a chestnut and somewhat conical in shape, and presents for examination 
a base, an apex, a posterior, an anterior and two inferolateral surfaces. 

The base is directed upwards, and, for the greater part of its extent, is 
directly continuous with the neck of the urinary bladder : the urethra enters it 
nearer its anterior than its posterior border. 

The a^ex is directed downwards and is in contact with the fascia on the deep 
surfaces of the Sphincter urethrae and the Trans versus perinei profundus. 

The 'posterior surface is flattened from side to side and slightly convex from 
above downwards ; it is separated by its sheath and some loose connective 
tissue from the rectum, and is distant about 4 cm. from the anus (fig. 1223). 
Near its upper border there is a depression through which the two ejaculatory 
ducts enter the prostate. This depression serves to divide the posterior surface 
into a lower, larger, and an upper, smaller part. The upper, smaller part con- 
stitutes the median lobe of the prostate and intervenes between the ejaculatory 
ducts and the urethra ; it varies greatly in size, and in some cases is destitute 
of glandular tissue. The lower larger portion sometimes presents a shallow 
median furrow, which imperfectly separates it into right and left lobes ; these 
form the main mass of the gland and are directly continuous with each other 
behind the urethra ; they are connected in front of the urethra by a band which 
is named the isthmus ,* the latter consists of fibromuscular tissue and is devoid 
of glandular substance. 

The anterior surface is narrow and convex from side to side and extends from 
the apex to the base. It lies about 2 cm. behind the pubic symphysis, from 
which it is separated by a plexus of veins and a quantity of loose fatty tissue. 
Near its upper end it is connected to the pubic bones by the puboprostatic 
ligaments. The urethra emerges from this surface a little above and in front of 
the apex of the prostate. 

The inferolateral surfaces are prominent, and are covered by the anterior 
portions of the Levatores ani, which are, however, separated from the gland by 
a plexus of veins imbedded in connective tissue which forms the lateral part of 
the sheath of the organ. 

The prostate measures about 4 cm. transversely at the base, about 2 cm. in 
its anteroposterior, and 3 cm. in its vertical, diameter. Its weight is about 
8 gm. It is invested by a fibrous sheath derived from the pelvic fascia. On 
each side the sheath consists of connective tissue in which are imbedded the 
veins of the prostatio venous (pudendal) plexus (fig. 611). In front, it is con- 
tinuous with the puboprostatic ligaments (p. 574) and, below, it blends with the 
fascia on the deep surfaces of the Sphincter urethras and the Transversus perinei 
profundus, and with the perineal body (fig. 608). The posterior wall of the 
sheath has a different constitution and is non- vascular. In the male foetus, at 
the fourth month, the rectovesical peritoneal pouch extends downwards to the 
pelvic floor and separates the prostate from the rectum. The lower part of this 
recess becomes obliterated and the fused peritoneal layers form the posterior 
wall of the prostatio sheath.* This fibrous membrane has been termed the 
rectovesical fascia. Above, it extends upwards over the posterior aspectR of the 

* G. Elliot Smith {Journal of Anatomy, vol. xlii.). 
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seminal vesicles and the vasa deferentia and is connected to the peritoneal floor 
of the rectovesical pouch (fig. 608). On each side, it is connected to the posterior 
ligament of the bladder (p. 1374) and, below, where it becomes closely adherent 
to the prostate, it is lost in the perineal body. The anterior portions of the 
Levatores ani pass backwards from the os pubis and embrace the sides of the 
prostate ; from the support they afford to this organ they are named the 
Levatores prostafce. 

The prostate is perforated by the urethra and the ejaculatory ducts and 
contains the prostatic utricle. The urethra usually lies along the junction of its 
anterior with its middle one-third. The ducts pass obliquely downwards and 
forwards through the posterior part of the prostate, and open into the prostatic 
portion of the urethra (p. 1377). 

Structure. — The prostate is enveloped by a thin but firm capsule, distinct from the 
sheath derived from the pelvic fascia, which contains a plexus of veins. This capsule is 
firmly adherent to the prostate and is structurally continuous with the stroma of the 
gland, being composed of the same tissues, viz. non-striped muscle and fibrous tissue. The 
substance of the prostate is of a pale reddish-grey colour, of great density, and not easily 
torn. It consists of glandular substance and muscular tissue. 

The muscular tissue constitutes the proper stroma of the prostate ; the connective tissue 
being very scanty, and merely forming, between the muscular fibres, thin trabeculm in 
which the vessels and nerves of the gland ramify. The muscular tissue is arranged as 
follows : immediately beneath the capsule there is a dense layer, wliich forms an investing 
sheath for the gland ; around the prostatic part of the urethra a dense layer of circular 
fibres is continuous above with the internal layer of the muscular coat of the bladder, and 
blends below with the fibres surrounding the membranous portion of the urethra ; between 
these two layers strong bands of muscular tissue decussate freely, and form meshes in which 
the glandular structure of the organ is imbedded. In that part of the gland whicih is situated 
in front of the urethra the muscular tissue is especially dense, and tliere is here little or no 
glandular tissue ; while in that part which is behind the urethra the muscular tissue pr*esents 
a wide-meshed structure, which is densest at the base of the gland— that is, near the 
bladder — becoming looser and more sponge-like towards the apex. 

The glandular substance is composed of numerous follicles the lining of which frequently 
shows papillary elevations. The follicles open into elongated canals whicfii join to form 
from twelve to twenty small excretory ducts. They are connected together by areolar 
tissue, supported by prolongations from the fibrous capsule and muscular stroma, and 
enclosed in a delicate capillary plexus. The epithelium which lines the canals and the 
follicles is of the columnar variety. The prostatic ducts open into the fioor of tlui pros! at ic 
portion of the urethra, and are lined by two layers of epithelium, the inner layer consisting 
of columnar and the outer of small cubical cells. Small colloid mass(‘s, known as amyloid 
bodies, are often found in the gland tubes. The prostatic secretion and the secretion of the 
seminal vesicle together form the bulk of the seminal fluid. 

Vessels and Nerves. — The arteries supplying the prostate are derived from t.lie intiirnal 
pudendal, inferior vesical and middle rectal (hasmorrhoidal) arteries. Its veins fiu-rn a |>lexus 
around the sides and base of the gland ; they x-eceive in front the dorsal v(‘in of tlu^ pemis, 
and end in the internal iliac (h 3 q)ogastric) veins. The bjmj)h vessels are descnbe<l on p. 874. 
The nerves are derived from the pelvic plexus (p. 1 152). 

Applied Anatomy, — By means of the finger introduced into tiie rectum, the surgeon 
detects enlargement or other disease of the prostate ; he can feel tlu^ ape.x ot* the gland, 
and is able to direct the point of a catheter, when its introduction is att<-ndcd with difiiculty 
either from injury or disease of the membranous or prosfiitic ])ortion8 of the ur<,*thra. 1’hc 
prostate is occasionally the seat of suppuration, due to either gonorrhcea or tuberculous 
disease. The gland is enveloped in a dense unyielding capsule, whicfii determiners the; crourae 
01 the abbess, and also explains the great pain which is prcscuit in tiur aeute form of the 
disease. The abscess most frequently bursts into the urethra, the direction in which there 
IS least resistance, but may burst into the rectum, or more rarely in the pcTimmm, In 
advanced hfe the prostate often becomes considerably enlarged and projects into tlur l)Iadder 
so as to impede the passage of the urine. According to Messer's rescrarche.s, conducted at 
Lrreenwich Hospital, it would seem that such obstruction exists in 20 per <rent. of all men 
over sixty years of age. In some cases the condition affects principally tlu^ lateral IoIk^s, 
wmen may undergo considerable enlargement without causing much inconvenience. In 
other cases the median lobe enlarges most, and even a small enlargement of this iobt^ may 
ac mjuriously, by forming a sort of valve over the internal urethral orifice, preventing the 
passage ot the urme ; and the more the patient strains, the more completely will it block the 
openmg into the urethra. 
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The Btjlbo-tteetheal Glands 

The bulbo-urethral glands are two small, rounded and somewhat lobulated 
bodies, of a yellow colour. Each is about the size of a pea, and is placed lateral 
to the membranous portion of the urethra, deep to the perineal membrane. 
They lie above the bulb of the penis, and are enclosed by the transverse fibres 
of the Sphincter urethrse. They gradually diminish in size as age advances. 

The excretory duct of each gland is nearly 3 cm. long ; it passes obliquely 
forwards beneath the mucous membrane, and opens by a minute orifice on 
the floor of the spongy portion of the urethra about 2-5 cm. below the perineal 
membrane. 

Structure. — Each gland is made up of several lobules which are held together by a 
fibrous investment. Each lobule consists of a number of acini, lined by columnar epithelial 
cells. The secretion of the bulbo-urethral glands is an additional constituent of the seminal 
fluid, but the glands are very small in man as compared with many animals, and the part 
which they play is probably very subsidiary. 


THE FEMALE GENITAL ORGANS 

The female genital organs consist of an internal and an external group. The 
internal organs are situated within the pelvis, and consist of the ovaries, the 
uterine tubes, the uterus and the vagina. The external organs are placed below 
and in front of the pubic arch. They comprise the mons pubis, the labia 
majora et minora pudendi, the clitoris, the bulbus vestibuli and the greater 
vestibular glands. 

The Ovaeies 

The ovaries, two in number, are homologous with the testes in the male. 
They are situated one on each side of the uterus in relation to the lateral wall 
of the pelvis, and attached to the posterior or upper layer of the broad ligament 
of the uterus, behind and below the uterine tube (fig. 1240). They are of a 


Fia. 1240. — The uterus and the loft broad ligament. Posterior aurfa(! 0 . The 
broad ligament has boon spremd out and the ovary drawn downwards. 



greyish-pink colour, and present either a smooth or a puckered, uneven surface ; 
each is about 3 cm. long, 1-5 cm. wide, and about 10 mm. thick. The exact 
position of the ovary is subject to a wide range of variation in women who have 
borne children, as it is displaced in the first pregnancy and probably never returns 
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again to its original position. The description here given applies to that of the 
nuUiparons woman. In the erect posture the long axis of the ovary is vertical, 
and the gland presents a lateral and a medial surface, a tubal and a uterine 
extremity, and a mesovarian and a free border. The ovary lies in a depression, 
named the ovctTicoTi fosscc^ on the lateral wall of the pelvis , this fossa is bounded 
in front by the obliterated umbilical artery, and behind by the ureter and the 
internal iliac (hypogastric) artery. The tubal extremity is near the external iliac 
vein ; to it are attached the ovarian fimbria of the uterine tube and a fold of 
peritoneum, named the infundibulopelvic ligament (suspensory ligament of the 
ovary), which passes upwards over the iliac vessels and contains the ovarian 
vessels and nerves. The uterine extremity is directed downwards towards the 
pelvic floor ; it is usually narrower than the tubal extremity, and is attached to 
the lateral angle of the uterus, immediately behind and below the uterine tube, 
by a rounded cord termed the ligament of the ovary, which lies within the broad 
ligament and contains some non-striped muscular fibres. The lateral surface 
is in contact with the parietal peritoneum which lines the ovarian fossa ; it 
separates the ovary from the peritoneal tissue and the obturator vessels 

Fig. 1241. — A section through the ovary. Semidiagrammatic. 

Almost mature follicle 



and nerve. The medial surface is to a large extent covered with the uterine 
tube and the peritoneal recess between this aspect of the gland and the 
mesosalpinx is termed the bursa ovarica. The mesovarian border is straight and is 
directed towards the obliterated umbilical artery ; it is attached to the back 
of the broad ligament by a short fold named the mesovarmm. Between .the two 
layers of this fold the blood-vessels and nerves pass to the hiliirn of the ovary. 
The free border is convex, and is directed towards the ureter. The uterine tube 
arches over the ovary, running upwards in relation to its mesovarian border, 
curving over its tubal extremity, and then passing downwards on its free I)order 
and medial surface. 

In the foetus, the ovaries are situated, like the testes, in the lumbar region 
near the kidneys, but they gradually descend into the pelvis (p. 103). 

Structure (fig. 1241). — The surface of the ovary is covered with a layer of cubical cells. 
This germinal epithdivm gives to the ovary a dull grey colour as compared with the shining 
smoothness of the peritoneum ; the transition between the flattened endothelium of the 
peritoneum and the cubical cells covering the ovary is usually marked by a line around the 
anterior, or mesovarian, border of the ovary. 

The ovary consists of a stroma, or framework, in the meshes of which a number of 
vesicular ovarian foUicles are imbedded. 

^ The stroma is abundantly supplied with blood-vessels, and consists for the most part of 
spindle-shaped cells with a small amount of ordinary connective tissue. Many of those cells 
are unstnped muscle-cells. On the surface of the organ there is a condensed layer known as 
the tunica albuginea. The stroma of the ovary also contains groups of interstitial ceUs 
resembling those of the testis. 
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Vesicular ovarian (Graafian) follicles , — ^When a section is made through an ovary, 
numerous vesicles of various sizes are seen ; they are the follicles, or ovisacs containing the 
ova. Immediately beneath the tunica albuginea there is a layer of stroma, called the 
cortical layer, characterised by the presence of a large number of ova in an early stage of 
development. At this stage each ovum is surrounded by a single layer of smaller, cubical 
cells. " These primitive follicles are numerous in the ovary of the child. 

After puberty some of these primitive ovarian follicles increase in size ; the cells investing 
the ovum multiply, and later a cavity, named the antrum folliculi, appears between the cells 
thus formed. This cavity is filled with liquor folliculi, a transparent, albuminous fluid 
which nourishes and protects the ovum. The liquor folliculi sphts the investing cells into 
two strata, an outer named the stratum granulosum, and an inner named the cumulus 
ovaricus ; the latter surrounds the ovum * and is attached at one spot to the stratum 
granulosum (fig. 1241). Thomson f is of opinion that the cumulus may be attached to the 
stratum granulosum at any part of the circumference of the follicle. In the earlier stages of 
the development of the follicle the stratum granulosum is made up of several layers of 
cubical cells, but in the matured follicle it consists of a single layer, and in some instances 
this may disappear. 

Scattered amongst the cells of the cumulus ovaricus and stratum granulosum are certain 
structures known as the bodies of Call and Exner, the cells surrounding which are radially 
arranged ; in the advanced stages of the growth of the follicle these bodies are found 
only in the cumulus. Each consists of a more or less homogeneous mass of protoplasm, 
which, in its reactions to certain stains, resembles the coagulated liquor folliculi. These 
bodies become vacuolated, and tend to break down, and it is therefore probable that the 
liquor folliculi is formed, in the first instance, by their dissolution. 

A fully developed or ‘ ripe ’ ovarian follicle measures at least 10 mm. f and is surrounded 
by a capsule [theca folliculi] derived from the ovarian stroma, and composed of an internal 
and an external tunic. The tunica interna consists of loosely-arranged, round or spindle- 
shaped cells, and is pervaded by a capillary plexus. The vascularity of this tunic increases 
as the follicle matures, and the capillary vessels then extend between the cells of the attached 
part of the cumulus. Between the tunica interna and the stratum granulosum which lines 
it, there is a thin external limiting membrane (basal membrane). The tunica externa consists 
of firmer and less vascular tissue than the tunica interna, and contains a considerable 
quantity of non-striped muscular fibres. 

The mature follicle approaches, and ultimately bursts on, the surface of the ovary, and the 
escaping ovum, surrounded by the cells of the cumulus ovaricus, is grasped by the fimbriated 
end of the uterine tube, and is 
conveyed along this tube to the 
cavity of the uterus. 

Robinson f has investigated 
the formation, rupture, and clos- 
ure of the ovarian follicles in 
ferrets, and has shown that in 
these animals a fluid, named by 
him the secondary liquor folliculi, 
appears between the cells of the 
cumulus ovaricus and takes part 
in the final distension of the 
follicle which precedes rupture. 

It would seem probable that a 
similar process occurs in the 
human follicle and accounts both 
for the rupture of the follicle 
and for the liberation of the 
ovum with its cumulus from the 
stratum granulosum. 

The maturation of the folli- 
cles and ova continues uninter- 
ruptedly from puberty to the 
end of the reproductive period of 
woman’s life. In all probability 
only one of the numerous follicles which are visible on the surface of an ovary at any par- 
ticular time gives rise to a normal mature ovum. The others undergo atretic changes and be- 
come disintegrated. In these cases the rupture of the follicle liberates an abnormal ovum. 

* The ovum is described on pp. 44 to 46. 

t Consult, in this connexion, articles by Arthur Thomson on “ The Ripe Human 
Graafian Follicle,” Journal of Anatomy, vol. liv,, and by Edgar Allen and others on “ Human 
Ova from Large Follicles,” American Journal of Anatomy, vol. xlvi., no. 1. 

% Arthur Robinson, Transactions of the Royal Society of Edinburgh, vol. lii. part ii. 


Fia. 1242. — A section through an ovarian follicle 
of a cat. X 50. 
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Corpus luteuin. — After the discharge of the ovum a series of changes occurs within the 
vesicalar ovarian folHcle which results in the formation of a structure named the corpus 
luteuTTi* When fully developed this consists of numerous cells, separated iiom one another 
by delicate strands of vascular connective tissue; in the centre of the follicle this tissue is 
condensed to form a mass which is devoid of cells. The cells of the corpus luteum are of two 
kinds, (a) lutein cells, which are large, very numerous, and contain yellow pigment, and (b) 
paralutein cells, which are small and less numerous. The lutein cells aie derived from the 
cells of the stratum granulosum, and the paralutein cells from the cells of the tunica interna, 
of the vesicular ovarian follicle.* 

If the discharged ovum is not fertilised the corpus luteum quickly degenerates, and 
within two months is reduced to a small cicatrix, but if the ovum is fertilized the corpus 
luteum increases in size, and, by the middle of pregnancy, may measuie about 2*5 cm. in 
diameter. During the later months of pregnancy the lutein cells lose their colour, and the 
size of the corpus luteum diminishes, so that by the end of pregnancy its diameter is reduced 

to about 1 cm.f i • 

Vessels and Nerves.— The arteries of the ovaries and uterine tubes are the ovarian arteries 
from the aorta (p. 772). Each anastomoses in the mesosalpinx with the corresponding 
uterine artery : it gives some branches to the uterine tube, and others which traverse the 
mesovarium and enter the hilum of the ovary. The veins emerge from the hilum in the form 
of a plexus, named the pampiniform plexus ; the ovarian vein is formed from this plexus, 
and leaves the pelvis in company with the artery (p. 840). The lymph vessels are described 
on p. 874. The nerves are derived from the hypogastric or pelvic plexus, and from the ovar- 
ian plexus, the uterine tube receiving a branch from one of the uterine nerves. 

Epobphoron (fig. 1240).— The epoophoron lies in the lateral part of the mesosalpinx 
between the ovary and the uterine tube, and consists of a few short tubules [Aw epo- 
6phor%\ which converge towards the ovary while their opposite ends open into a rudi- 
mentarj'^ duct, named the ductus epoophori, which runs in the broad ligament of tlie uterus, 
parallel with the lateral part of the uterine tube. 

In a small proportion of subjects the duct of the epoophoron can be followed alongside 
the uterus to near the level of the internal os. Here it pierces the muscular wall of the 
uterus and descends in the cervix uteri, gradually approaching the mucous membrane, 
without however quite reaching it. The duct then runs downwards in the lateral wjdl of the 
vagina and ends at, or close to, the free margin of the hymen. 

Paroophoron. — The paroophoron consists of a few scattered rudimentary tubules, best 
seen in the child, situated in the broad ligament between the epoophoron and the uterus. 

The tubules of the epoophoron and of the paroophoron are remnants of the tubules of the 
mesonephros; the duct of the epobphoron is a persisttuit portion of the mesonephric 
(Wolffian) duct. 


The Uteeine Tubbs (figs. 1240, 1244) 

The uterine tubes, two in number, transmit the ova from the ovaries to the 
cavity of the uterus and are situated in the upper margins of the liroad liga- 
ments of the uterus. Each tube is about 10 cm. long, and one end of it opens 
into the superior angle of the cavity of the uterus, the other into tluj ])(U’itoneal 
cavity close to the ovary. The opening into the uterine cavity is very small, 
and only admits a fine bristle ; the opening into the ])eritoneal cavity is narneci 
the ostium pelvinum (ostium abdominale), and when its miiscuiar Wiill is 
relaxed has a diameter of about 3 mm. The pelvic ostium is situated at the 
bottom of a trumpet- shaped expansion of the uterine tube, tiTincd the 
infundibulum, the circumference of which is prolonged into a varying number 
of irregular processes, called fimbrice, and therefore tiiis extremity of the tube 
is sometimes called the fimbriated end. The inner surfaces of the fiinbriic arc 
lined by mucous membrane, aiad in the larger fiinbriie this e.xlul>itH longitudinal 
folds which are continuous with similar folds in the mucous lining ol‘ tlie in- 
fundibulum. One fimbria, longer and more deeply grooved than the otliers, is 
attached to the tubal extremity of the ovary, and is named the ovarian 
fimbria. The infundibulum opens into the ampmlh of the tube, whi(*h is thin- 
walled and tortuous and forms rather more than one-half the entire lengtli of 
the tube. The ampulla is succeeded by the isthmus, which is round and cord- 
like and constitutes approximately the medial one-third of the tube. The part 
contmued from the isthmus through the wall of the uterus is about 1 cm. long, 
and is named the pars uterina tubes, 

* Wilfred Shaw, British Medical Journal, Nov. 21, 1925, p. 952. 

t Consult The Physiology of Reproduction, by F. H. A. Marshall, 1910* 
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The uterine tube is directed laterally as far as the uterine extremity of the 
ovary, and then ascends along the mesovarian border to the tubal extremity 
of the ovary, over which it arches ; finally it turns downwards and ends in 
relation to the free border and 
medial surface of the ovary. 

In connexion with the fimbriae 
of the uterine tube, or with the 
broad ligament close to them, 
there are frequently one or more 
small pedunculated vesicles ; 
these are termed the appendices 
vesiculosce (fig. 1240). 

Structure (fig. 1243). — The uter- 
ine tube consists of three coats : 
serous, muscular and mucous. The 
externaly or serousy coat is peritoneal. 

The middle, or muscular, coat con- 
sists of an external longitudinal and 
an internal circular layer of non- 
striped muscular fibres continuous 
with those of the uterus. The in- 
ternal, or mucous, coat is continuous 
with the mucous lining of the 
uterus. It is thrown into longi- 
tudinal folds, which in the ampulla 
are much more extensive than in the 
isthmus. The lining epithelium is 
columnar and ciliated. This form 
of epithelium is also found on the 
inner surfaces of the fimbriae ; while 
on the outer or serous surfaces of 
these processes the epithelium gradually merges into the endothelium of the peritoneum. 

Applied Anatomy, — Pelvic peritonitis occurs much more frequently in the female than 
in the xnale, because infective conditions of the vagina, uterus or uterine tube may involve 
the peritoneum by direct spread, owing to the communication which exists between the 
peritoneal cavity and the lumen of the tube through the pelvic ostium. When pus collects 
in the recto uterine pouch, it may be palpated through the posterior fornix of the 
vagina, on account of the peritoneal relations of the upi)er part of tlie posterior vaginal wall 
(p. 1405). 

Tubal inllammation (salpingitis) is usually due to infections which have spread upwards 
by way of the vagina and uterus. In many cases the fimbriated end of the tube may become 
closed by adhesions and a collection of pus forms in the tube (pyosalpinx). 

Fertilisation of the ovum (p. 51) is believed to occur in the uterine tube, and the fertilised 
ovum normally is then passed on into the uterus ; the ovum, however, may adhere to and 
undergo development in the tube, giving rise to the commonest variety of ectopic gestation. 
In such cases the amnion and chorion are formed, but a true dec^ua is never present ; and 
the gestation usually ends by extrusion of the ovum through the pelvic ostium, although 
it is not uncommon for the tube to rupture into the peritoneal cavity^ this being accompanied 
by severe haemorrhage, and necessitating surgical interference. 


Fia. 1243. — ^Transverse section of a human uterine 
tube. Stained with hsematoxylin and eosin. x 1 5. 



The Uteeus (figs. 1240, 1244, 1245) 

The uterus, or womb, is a hollow, thick- walled, muscular organ situated in 
the pelvic cavity between the urinary bladder in front and the rectum behind. 
Into its upper part the uterine tubes open, one on each side, while below, its 
cavity communicates with that of the vagina. When the ova are discharged 
from the ovaries they are carried to the uterine cavity through the uterine tubes. 
If an ovum be fertilised it imbeds itself in the uterine wall and is normally re- 
tained in the uterus until prenatal development is completed, the uterus under- 
going changes in size and structure to accommodate itself to the needs of the 
growing embryo. After parturition the uterus returns almost to its former 
condition, but traces of its enlargement remain. For general descrix>tive pur- 
poses the adult virgin uterus is taken as the type form. 
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In the virgin state the uterus is flattened from before backwards and is 
pyriform in shape, with the narrow end directed downwards and backwards. 
It lies between the bladder below and in front, and the pelvic colon and rectum 
above and behind, and is completely below the level of the pelvic inlet. Its 
upper part is covered with peritoneum and lies in the peritoneal cavity, while 
its lower portion is imbedded in the connective tissue of the pelvis. 

The long axis of the uterus usually lies approximately in the axis (p. 379) of 
the pelvic inlet, but as the organ is freely movable its position varies with the 
state of distension of the bladder and rectum. Except when much displaced 
by a distended bladder, it forms an angle with the vagina, since the axis of the 
vagina corresponds to the axes of the cavity and outlet (p. 380) of the pelvis. 

The uterus measures about 7*5 cm. in length, 5 cm. in breadth at its upper 
part, and nearly 2*5 cm. in thickness; it weighs from 30 to 40 gm. It is 
divisible into two portions. On the surface, a little below the middle, there is a 

Fig. 1244. — A female pelvis and its contents. Viewed from above and in front. 
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Pararectal fossa 
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slight constnction, which corresponds to a narrowing of the uterine eavitv 
named the ivie^l os of the uterus. The portion above the inh^nal os is termed 
the bod^, ^d that below, the cervix. The part of the body which lie.s above a 
th^/wSr"^ of entrance of the uterine tulies i.s known as 

^dy.— The body gradually narrows from the fundu.s to the internal o.s 

T+in V® j is in apposition with the urinary bladder. 

It IS flattened and covered with peritoneum, which is reflected on to the bladder 

Ww® internal os. The reces.s or pouch 

betw^n the bladder and the uterus is named the utero-vesml pouch. ^ 

Ihe mtesUrMl, OT posterior, surface is convex transvensely, and is covered with 

m^Sf downwards on the eervii uteri and the upper 

part of the vagina before being reflected backwards on to the rectum (fig 124r>) 

tinu^sS“tb?t “ all directmns, and covered with peritoneum con- 

muous with that on the vesical and intestinal surfaces. Some coils of small 
intestine, and occasionally the distended pelvic colon rest on it 

The margins are slightly convex. At the upper end of each the uterine 
tube pierces the uterme wall. Below and in front of this point the round liga- 
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ment of the uterus is fixed ; below and behind it the ligament of the ovary is 
attached. These three structures lie within a fold of peritoneum, named the 
broad ligament, which stretches from the margin of the uterus to the^ lateral 

wall of the pelvis. " 

Cervix. — ^The cervix is about 2-5 cm. in length ; it is narrower and more 
cylindrical than the body, and is a little wider in the middle than above or 
below. Owing to its relationships it is less freely movable than the body, so 
that its long axis is seldom in the same straight line as that of the body. The 
long axis of the uterus as a whole presents the form of a curved line with its 
concavity forward, and the organ is described as being anteflexed. In extreme 
cases there may be an angular bend at the region of the internal os — acute 
anteflexion. The long axis of the cervix meets the long axis of the vagina^ at 

Fig. 1245. — median sagittal section through the female pelvis. 



an angle whicii is open forwards and downwards, and the whole uterus is there- 
fore turned forwards on the vagina, or anteverted. 

The cervix projects through the anterior wall of the vagina, which divides 
it into an upper, supravaginal portion, and a lower, vaginal portion (fig. 1245). 

The supravaginal portioyi is separated in front from the bladder by cellular 
tissue [para'fmtrium], which extends also on to the sides of the cervix, and 
laterally between the layers of the broad ligaments. The uterine arteries reach 
the margins of the cervix in this tissue, while on each side the ureter runs down- 
wards and forwards in it at a distance of about 2 cm. from the cervix. Pos- 
teriorly the supravaginal cervix is covered with peritoneum, which is prolonged 
below on to the posterior vaginal wall, whence it is reflected to the rectum, 
forming the recto-uterine pouch (p. 1307), It is in relation with the rectum, 
from which it may be separated by the terminal coil of the ileum. 

The vaginal portion of the cervix projects into the anterior wall of the 
vagina between the vaginal fornices (p. 1404). On its projecting rounded 
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extremity there is a small, depressed, somewhat circular aperture, termed the 
external os of the uterus, through which the cavity of the cervix communi- 
cates with that of the vagina. The external os is bounded by two lips, an 
anterior and a posterior, of which the anterior is the shorter and thicker, 

although, on account of the slope of the 
Fia. 1246.— The posterior half of the cervix, it projects lower than the posterior, 
uterus and upper part of the Normally both lips are in contact with the 

posterior vaginal wall. 

Interior of the uterus (fig. 1246). — The 
cavity of the uterus is small in comparison 
with the size of the organ. 

The cavity of the body is a mere slit, 
flattened from before backwards. It is 
triangular in shape, the base being formed 
by the internal surface of the fundus be- 
tween the orifices of the uterine tubes, the 
apex by the internal os of the uterus; 
through this orifice the cavity of the body 
communicates with the canal of the cervix. 

The canal of the cervix is somewhat 
fusiform, flattened from before backwards, 
and broader at the middle than at the 
ends. It communicates above, through 
the internal os, with the cavity of the 
body, and below, through the external os, 
with the vaginal cavity. The wall of the canal presents an anterior and a 
posterior longitudinal ridge, from each of which a number of small ob- 
lique columns, named the palmate folds, proceed, giving the appearance of 
branches from the stem of a tree ; to this arrangement the name arbor vitce uteri 
is apphed. The folds on the- two walls are not opposed, but fit between one 
another so as to close the cervical canal. 

The total length of the uterine cavity from the external os to the fundus is 
about 6 cm. 


vagina. 



According to H. Stieve,* the upper third or less of the cervix, which has been termed 
the isthmus, presents certain features which differentiate it from the rest. He has pointed 
out that, although it is unaffected in the first month of pregnancy, it is gradually taken up 
into the body of the uterus during the second month and forms the ‘ lower uterine segment ’ 
of English obstetricians. The foetal membranes, though firmly blended with the rest of the 
uterine mucosa, are not attached to the lower uterine segment. In the non-pregnant uterus 
the isthmus undergoes changes associated with menstruation similar to, but less pronounced 
than those which occur in the body of the organ. Histologically the isthmus resembles the 
body more than it resembles the cervix ; its lining epithelium is low cylindrical in type and 
is ciliated ; its mucous coat is thinner ; and the glands are fewer in number. 


Changes affecting the uterus. — The form, size and situation of the uterus vary at 
different periods of fife and under different circumstances. 

In the foetus the uterus projects above the inlet of the pelvis (fig. 1247). The cervix 
is considerably larger than the body. 

At puberty the uterus is pyriform in shape, and weighs from 14 to 17 gms. The 
fundus is just below the level of the inlet of the pelvis. The palmate folds are distinct, and 
extend to the upper part of the cavity. 

The position of the uterus in the adult is liable to considerable variation, depending 
chiefly on the condition of the bladder and rectum. When the bladder is empty the entire 
uterus is directed forwards, and is at the same time bent on itself at the junction of the 
body and cervix, so that the body lies upon the bladder. As the latter 'fills, the uterus 
gradually becomes more and more erect, until with a fully distended bladder the fundus 
may be directed towards the sacrum. 

Luring menstruation the organ is^ enlarged, and more vascular, and its surfaces are 
rounder ; the external os is rounded, its lips swollen, and the hning membrane of the body 
IS thicker, softer and of a darker colour. 

During pregnancy the uterus becomes enormously enlarged, and in the eighth month 
reaches the epigastric region. The increase in size is partly due to growth of pre-existing 
muscular fibres, and partly to development of new fibres. 


'‘Der Halsteil der menschlichen Gebarmutter,” Leipzig, 1927. 

U. J^rankl, Journal of Obstetrics and Gynecology of the British Empire, vol. xl. 1933. 


See also 
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After parturition the uterus nearly regains its usual size, weighing about 42 gm. ; but its 
cavity is larger than in the virgin state, its vessels are tortuous, and its muscular layers are 
more defined ; the external os is more prominent, and its edges present one or more fissures. 

In old age the uterus becomes atrophied, and paler, and denser in texture ; a more 
distinct constriction separates the body and cervix. The internal os is frequently, and the 
external os occasionally, obliterated, while the lips almost entirely disappear. 

Structure. — The uterus is composed of three coats : an external or serous, a middle or 
muscular, and an internal or mucous. 

The serous coat is derived from the peritoneum. In the lower one-fourth of the intestinaJ 
surface the peritoneum is not closely connected with the uterus, being separated from n 
by a layer of loose cellular tissue and some large veins. 

The muscular coat forms the chief bulk of the substance of the uterus. In the virgin it 
is dense, firm, of a greyish colour, and cuts almost hke cartilage. It is thick opposite the 
middle of the body and fundus, and thin at the orifices of the uterine tubes. It consists of 
bundles of unstriped muscular fibres, intermixed with areolar tissue, blood-vessels, lymph 

Fig. 1247. — A sagittal section through the pelvis of a new-born female 
child. Some coils of the small intestine which intervened between the 
uterus and the bladder have been removed. 
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vessels and nerves. During pregnancy the muscular tissue becomes more prominently 
developed, the fibres being greatly enlarged. Although the unstriped muscular fibres inter- 
lace in aU directions, they are arranged in three more or less distinct layers : external, middle 
and internal. 

The external layer consists chiefly of longitudinal fibres, which pass over the fundus, 
and, converging at the lateral angle on each side of the uterus, are continued on the uterine 
tube, the round ligament and the ligament of the ovary : some passing at each side into the 
broad ligament, and others running backwards from the cervix into the uterosaoral liga- 
ments. The middle layer of fibres is the thickest, but presents no regularity in its arrange- 
ment, being disposed longitudinally, obliquely and transversely ; it contains the larger 
blood-vessels. The internal layer consists of longitudinal and circular fibres ; at the 
mtemal os the circular fibres form a sphincter. The deep ends of the uterine glands come 
into close relation with the fibres of the internal layer. 

The mucous membrane, often named the endometrium (fig. 1248), lines the uterus, and is 
continuous, through the fimbriated extremities of the uterine tubes, with the peritoneum ; 
and, through the external os of the uterus, with the lining of the vagina. 

In the body of the uterus the mucous membrane is smooth and of pale red colour, and 
its free surface is covered with columnar epithefium. Prior to puberty the epithelium is 
ciliated, but owing to its periodic destruction in the process of menstruation and pregnancy 
it is usually non-ciliated over large areas in the adult uterus. The mucous membrane 
consists of an embryonic nucleated and highly cellular form of connective tissue in which 
run blood-vessels and numerous lymphatic spaces. It contains many tube-hke uterine 
glands, wYdQh. are lined with cihated columnar epithelium and open into the cavity of the 
uterus. The glands are small in the unimpregnated uterus, but shortly after impregnation 
they become enlarged and elongated, presenting a contorted or waved appearance.* 

* Arthur Thomson {British Medical Journal, January 7th, 1922) discusses whether the 
uterine glands possess a secretory or an absorbent function. 
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In the cervix uteri the mucous membrane is raised into two median elevations, one 
on the anterior, the other on the posterior, wall of the canal ; from these median elevations 
numerous ridges (palmate folds) run upwards and laterally. In the upper two-thirds of 
the cervix, the mucous membrane is provided with numerous, deep, glandular follicles 
which secrete a clear, viscid, alkaline mucus ; and in addition, extending through the whole 
length of the canal a variable number of little cysts are found, presumably follicles which 
have become occluded and distended with retained secretion. They are called the ovuld 
Nabothi, The mucous membrane covering the lower one-half of the cervical canal presents 
numerous papillse. The epithelium of the upper two-thirds is cylindrical and ciliated, but 
below this it loses its cilia, and, close to the external os, changes to stratified squamous. 
On the vaginal surface of the cervix the epithelium is similar to that lining the vagina, viz. 
stratified squamous. 


Fig. 1248 . — A vertical section through the mucous membrane of a human uterus. 

(Sobotta.) 



Vessels and Nerves. — The arteries of the uterus are the uterine branch of the internal 
iliac artery (p. 777), and the ovarian branch of the abdominal aorta (p. 772). They are re- 
markable for their tortuous course in the substance of the organ (fig. 1249 ). The termination 
of the ovarian artery meets that of the uterine artery, and forms an anastomotic trunk from 
which branches are given off to supply the uterus. The veins are of large size, and corre- 
spond with the arteries. They end in the uterine venous plexuses. In the impregnated 
uterus the arteries carry 1}he blood to, and the veins convey it away from, the intervillous 
space of the placenta (fig. 108). The lymph vessels are described on p. 874. The nerves are 
derived from the hypogastric and ovarian plexuses, and from the pelvic splanchnic nerves 
(S 2, 3, and 4). 

There is reason to believe that impulses conveyed through the sympathetic nerves 
produce contraction of the circular, and inhibition of the longitudinal, muscle-fibres of the 
uterus, and that impulses conveyed through the pelvic splanchnics (parasympathetic) 
produce exactly opposite effects, i.e. they cause "dontraction of the longitudinal, and inhibi- 
tion of the circular, fibres.* 

Applied Anatomy. — A. certain amount of anteversion or retroversion of the uterus can 
take place without the conditions being regarded as pathological, but when the degree of 
fiexion at the junction of the body with the cervix becomes considerable it must be regarded 
as a morbid condition. This is especially true of retroversion combined with retrofiexion. 
Retroversion alone is £a>lliag back of the whole uterus, so that the cervix points forwards 
towards the os pubis ; retrofiexion is a bending backwards of the body, the cervix remaining 
in its normal position. The two conditions are usually combined. Prolapse of the 

* Consult (1) The Physiology of Reproduction, by Francis H. A. Marshall, and (2) an 
article on the innervation of the uterus by Beckwith Whitehouse and Henry Featherstone, 

British Medical Journal, \^ 2 Z, p. 
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uterus is another common infirmity. The organ sinks to an abnormally low level in 
the pelvis, and sometimes protrudes beyond the vulva. This condition is usually due 
to imperfect repair of the pelvic floor following a tear of the perineum during parturition 
(p. 576). 

Ligaments. — The uterus is connected to the bladder, the rectum and the 
walls of the pelvis by a number of ligaments ; some of these are peritoneal 
ligaments or folds, while others consist of unstriped muscle and fibrous 
tissue. 

The anterior ligament consists of the utero-vesical fold of peritoneum, which 
is reflected on to the bladder from the front of the uterus, at the junction of the 
cervix and body. 

The posterior ligament consists of the rectovaginal fold of peritoneum, which 
is reflected from the back of the posterior fornix of the vagina on to the front of 

Fig. 1249. — The left uterine and ovarian arteries of an unmarried girl of 17^ years. 

Posterior aspect. (From a preparation by Hamilton Drummond.) 


Fimbriated end of uterine tube 



the rectum. It forms the bottom of a deep pouch called the recto-uterine pouch 
which is bounded in front by the posterior wall of the body of the uterus, the 
supravaginal portion of the cervix uteri and the posterior fornix of the vagina ; 
behind, by the rectum ; and laterally, by two crescentic folds of peritoneum 
which pass backwards from the cervix uteri, one on each side of the rectum, to 
the posterior waU of the pelvis. These folds are named the recto-uterine folds. 
They contain a considerable amount" of fibrous tissue and non-striped muscular 
fibres, which, are attached to the front of the sacrum and constitute the 
uterosacral ligaments. 

The two broad ligaments (fig. 1240) pass from the margins of the uterus to 
the lateral walls of the pelvis. Together with the uterus they form a septum 
across the female pelvis, dividing that cavity into two portions. The anterior 
part contains the bladder ; the posterior part, the rectum, and usually, the 
terminal coil of the ileum and a part of the pelvic colon. 

When the bladder is empty or only slightly distended, the surfaces of the 
broad ligament are directed upwards and downwards and it has a free anterior 
and an attached posterior border. As the bladder fills, the plane of the ligament- 
alters and its free border becomes superior in position. In this condition of the 
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bladder, the broad ligament consists of anterior and posterior layers, which are 
continuous with each other at its upper, free border, and diverge from each other 
below, where they reach the Levator ani muscle. The uterine tube is contained 
in the’ free border and the adjoining part of the ligament is termed the meso- 
saljpinx. The infundibulum of the tube projects from the free border near its 
lateral extremity. The ovary is attached to the posterior layer by the mes- 
ovarium. The portion of the broad ligament which extends from the infundi- 
bulum of the tube and the upper pole of the ovary to the lateral wall of the pelvis 
contains the ovarian blood-vessels, nerves and lymph vessels and is termed the 
infundibulopelvic ligament (suspensory hgament of the ovary). It is continued 
laterally over the external iliac vessels as a distinct fold. Between the ovary and 
the uterine tube, the mesosalpinx contains the epoophoron (p. 1396) and, at its 
medial end, the paroophoron (p. 1396) and anastomosing branches of the uterine 
and ovarian vessels. The uterine artery insinuates itself between the layers 
of the broad ligament at its inferior border, about 1 *5 cm. lateral to the cervix 
and after it has crossed the ureter (p. 1370). It then ascends in the medial 
part of the ligament and turns laterally below the uterine tube to anastomose 
with the ovarian artery. In addition to all the structures already enumerated, 
the broad ligament encloses the ligament of the ovary (p. 1394), the proximal 
part of the round hgament of the uterus and some unstriped muscle and 
fibro-areolar tissue. 

The round ligaments (fig. 1244) are two narrow, fiat bands between 10 cm. 
and 12 cm. long, situated between the layers of the broad ligament in front of 
and below the uterine tubes. Commencing at the lateral angle of the uterus 
each ligament is directed forwards and laterally across the vesical vessels, the 
obturator vessels and nerve, and the obhterated umbilical artery and over the 
external ihac vessels. It then passes through the deep (abdominal) inguinal 
ring, hooking round the commencement of the inferior epigastric artery, and 
traverses the inguinal canal to reach the labium majus, in which it is lost. The 
round hgament consists principaUy of muscular tissue prolonged from the uterus, 
but also contains some areolar tissue. It is accompanied by blood-vessels, lymph 
vessels and nerves, and in the foetus a tubular process of the peritoneum 
{processus vaginalis] is carried with it for a short distance into the inguinal 
canal. The processus vaginahs is generaUy obhterated in the adult, but some- 
times remains pervious even in advanced life. It corresponds to the processus 
vaginahs which precedes the descent of the testis. 

The round hgament and the hgament of the ovary are together homologous 
with the gubernaculum testis in the male. 

In addition to the ligaments just described, there is a band sometimes named the 
ligamenUim transversale colli (Mackenrodt) on each side of the cervix uteri. It is attached 
to the side of the cervix uteri and to the vault and lateral fornix of the vagina, and is 
contmuous with the fibrous tissue which surrounds the pelvic blood-vessels. 


The Vagina (fig. 1245) 

The vagina is a canal which extends from the vestibule, or cleft between the 
labia minora, to the uterus, and is situated behind the bladder and in front of 
the rectum ; it is directed upwards and backwards, its axis forming with that 
of the uterus an angle of over ninety degrees, opening forwards, but the angle 
varies with the conditions of the bladder and rectum. Its walls are ordinarily 
in contact, and the usual shape of its lower part on transverse section is that of 
an H, the transverse limb being slightly curved, forwards or backwards, while 
the lateral hmbs are somewhat convex towards the median plane ; its middle 
part has the appearance of a transverse slit. Its length is 7*5 cm. along its 
anterior wall, and 9 cm. along its posterior wall ; its width gradually increases 
from below upwards. Its upper end surrounds the vaginal portion of the cervix 
uteri a short distance from the external os of the uterus, its attachment extend- 
ing higher on the, posterior than on the anterior wall of the uterus. To the 
recess behind the cervix uteri the term posterior fornix is applied, while the 
smaller recesses at the sides and in front are called the lateral and anterior 
fomices, g 
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The anterior wall of the vagina is in relation with the fundus of the bladder, 
and with the urethra. Its posterior wall, which is covered with peritoneum in 
its upper one-fourth, is separated from the rectum by the recto-uterine pouch 
above, and by some loose fibro -areolar tissue in its middle two -fourths ; the 
lower one-fourth is separated from the anal canal by a mass of muscular and 
fibrous tissue, named the perineal body. Its sides are enclosed between the 
Levatores ani muscles (p. 574). As the terminal portions of the ureters pass 
forwards and medially to reach the fundus of the bladder, they run close to the 
lateral fornices of the vagina, and as they enter the bladder are usually placed 
in front of the vagina (p. 1370). 

Structure. — The vagina consists of an internal mucous lining and a muscular coat, 
separated by a layer of erectile tissue. 

The mucous m&mbrane is firmly fixed to the muscular coat ; on its free surface there are 
two longitudinal ridges, one on the anterior and the other on the posterior wall of the vagina. 
These ridges are called the columns of the vagina, and from them numerous transverse ridges 
or rugae extend laterally on each side. These rugae are divided by furrows of variable 
depth, giving to the mucous membrane the appearance of being studded over with conical 
projections or papillae ; they are most numerous near the orifice of the vagina, especially 
before parturition. The epithelium of the mucous membrane is of the stratified squamous 
variety. 

The muscular coat consists of two layers : an external longitudinal, which is by far 
the stronger, and an internal circular layer. The longitudinal fibres are continuous with the 
superficial muscular fibres of the uterus. The strongest fasciculi are those attached to the 
rectovesical fascia on each side. The two layers are not distinctly separable from one 
another, but are connected by oblique decussating fasciculi. In addition to this, the lower 
end of the vagina is surrounded by a band of striped muscular fibres, termed the Bulho- 
spongiosus (p. 581). 

External to the muscular coat there is a layer of areolar tissue, containing a' large 
plexus of blood-vessels. 

The erectile tissue is situated between the mucous membrane and the muscular coat ; 
it consists of a layer of loose areolar tissue, which contains a plexus of large veins, and 
numerous bundles of unstriped muscular fibres, derived from the circular muscular layer. 
The arrangement of the veins is similar to that found in other erectile tissues. 

Vessels and Nerves. — The arteries of the vagina are derived from the vaginal, 
uterine, internal pudendal, and middle rectal branches of the internal iliac arteries 
(pp. 777 to 781). The veins form plexuses at the sides of the vagina, and these plexuses 
are drained through the vaginal veins into the internal iliac veins. The lymph vessels are 
described on p. 875. The nerves are derived from the vaginal plexuses, and from the 
pelvic splanchnic nerves. 


The External Genital Organs oe the Female (fig. 1250) 

The external genital organs of the female [pudendum muliebre] are : 
the mons pubis, the labia majora et minora pudendi, the clitoris, the 
vestibule of the vagina, the bulb of the vestibule and the greater vestibular 
glands. The term pudendum or vulva, as generally applied, includes all 
these parts. 

The mons pubis, the rounded eminence in front of the pubic symphysis, is 
formed by a collection of fatty tissue beneath the skin. It becomes covered 
with hair at the time of puberty .over an area which has a horizontal upper 
limit, whereas in the male the pubic hair extends upwards towards the umbilicus 
in and near the median plane. 

The labia majora are two prominent, longitudinal, cutaneous folds which 
extend downwards and backwards from the mons pubis, and form the lateral 
boundaries of a fissure or cleft, named pudendxd cleft, into which the vagina 
and urethra open. Each labium has two surfaces, an outer, pigmented and 
covered with crisp hairs ; and an inner, smooth and beset with large sebaceous 
follicles. Between the two surfaces there is a considerable quantity of areolar 
tissue, fat, and a tissue resembling the dartos muscle of the scrotum, besides 
vessels, nerves arid glands. The labia are thicker in front, where they form by 
their meeting the anterior commissure.. Posteriorly they are not really joined, 
but appear to become lost in the neighbouring integument, ending close to, 
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and nearly parallel with, each other ; together with the connecting skin be- 
tween them, they form the posterior commissure, or posterior boundary of the 
pudendum. The interval between the posterior comraissure and the anus, from 
2*5 cm. to 3 cm. in length, constitutes the gynaecological perineum. 

The labia minora are two small cutaneous folds, situated between the labia 
majora, and extending from the clitoris obliquely downwards, laterally and 
backwards for about 4 cm. on each side of the orifice of the vagina, between 
which and the labia majora they end ; in the virgin the posterior ends of the 
labia minora are usually joined across the median plane by a fold of skin, 
named the frenulum of the labia. Anteriorly, each labium minus divides into 
two portions : the upper division passes above the clitoris to meet its fellow 

Fig-. 1250,^ — ^The external genital organs of the female. 

The labia have been drawn apart. 
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of the opposite side, forming a fold which overhangs the glans clitoridis and 
is named the prceputium clitoridis ; the lower division passes below the clitoris 
and is united to its under surface, forming, with its fellow of the opposite side, 
the frenulum clitoridis. Numerous sebaceous follicles are placed on the opposed 
surfaces of the labia minora. 

The vestibule. — The cleft between the labia minora is named the vestibule of 
the vagina : in it the vaginal and external urethral orifices are situated, and, 
between them, numerous small mucous glands, termed the lesser vestibular 
glands, open on the surface of the vestibule. The part of the vestibule between 
the vaginal orifice and the frenulum of the labia minora consists of a shallow 
depression named the vestibular fossa. 

The clitoris is an erectile structure, homologous with the penis. It is 
situated caudal to the anterior commissure, partially hidden between the 
anterior ends of the labia minora. The body of the, clitoris consists of two corpora 
cavernosa, composed of erectile tissue enclosed in a dense layer of fibrous 
membrane, and separated along their medial surfaces by an incomplete fibrous 
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pectiniform septum ; each corpus cavernosum is connected to the pubic and 
ischial rami by a crus. The free extremity, or gl-ans clitoridiSy is a small rounded 
tubercle, consisting of spongy erectile tissue, and highly sensitive. The clitoris 
is provided, like the penis, with a suspensory ligament, and with two small 
muscles, named the Ischiocavernosi (p. 581), which are inserted into the crura 
of the clitoris. 

The vaginal orifice is a median slit below and behind the opening of the 
urethra ; its size varies inversely with that of the hymen. 

The hymen vaginae is a thin fold of mucous membrane situated at the orifice 
of the vagina ; the inner surfaces of the fold are normally in contact with each 
other, and the vaginal orifice appears as a cleft between them. The hymen varies 
much in shape. When stretched, its commonest form is that of a ring, generally 
broadest posteriorly ; sometimes it is represented by a semilunar fold, with its 
concave margin turned towards the pubes. Occasionally it is cribriform or 
its free margin forms a membranous fringe. It may be entirely absent, or 
may form a complete septum across the lower end of the vagma ; the latter 
condition is known as an imperforate hymen. When the hymen has been 
ruptured; small rounded elevations known as the carunculce hymenales are found 
as its remains. 

The external urethral orifice is placed about 2*5 cm. behind the glans 
clitoridis and immediately in front of the orifice of the vagina : it usually 
assumes the form of a short, sagittal cleft with slightly raised margins. 

The bulb of the vestibule is the homologue of the bulb of the penis 
and adjoining part of the corpus spongiosum penis of the male, and con- 
sists of two elongated masses of erectile tissue, placed one on each side 
of the vaginal orifice and united to each other in front by a narrow 
median band termed the commissura bulborum (pars' intermedia). Each 
lateral mass measures about 3 cm. in length. Their posterior ends are 
expanded and are in contact with the greater vestibular glands ; their anterior 
ends are tapered and joined to one another by the commissure ; their deep 
surfaces are in contact with the perineal membrane ; superficially they are 
covered with the Bulbospongiosus. 

The greater vestibular glands are the homologues of the bulbo-urethral 
glands in the male. They consist of two small, round, or oval, bodies of a 
reddish-yellow colour, situated one on each side of the vaginal orifice, in contact 
with the posterior end of the lateral mass of the bulb of the vestibule. Each 
gland opens by means of a duct, about 2 cm. long, immediately lateral to the 
hymen, in the groove between its attached border and the labium minus. 


The Mammary Glands (figs. 1251, 1252) 

The mammary glands secrete the milk, and are accessory glands of the 
generative system. They exist in the male as well as in the female, but in the 
former only in the rudimentary state. In the female they are two large, 
hemispherical eminences lying within the superficial fascia on the front and 
sides of the chest ; each extends vertically from the second rib to the sixth rib, 
and, transversely, at the level of the fourth costal cartilage, from the side of 
the sternum to near the mid-axillary line. In weight and size they differ at 
different periods of life, and in different individuals. Before puberty they are 
small, but they enlarge as the generative organs become more completely 
developed. They increase during pregnancy, and especially during lactation, 
and become atrophied in old age. The deep surface of each is flattened, or 
slightly concave, and irregularly circular in outline, its longest diameter being 
directly upwards and laterally towards the axilla ; it is separated from the 
fascia covering the Pectoralis major, Serratus anterior and Obliquus externus 
abdominis by loose areolar tissue. The subcutaneous surface of the mam- 
mary gland is convex, and presents, just .below the centre, a small conical 
prominence, named the nipple. 

The nipple is a cylindrical or conical eminence situated about the level of the 
fourth intercostal space. It is capable of undergoing a sort of erection from 
mechanical excitement, a change mainly due to the contraction of its muscular 
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fibres. It is of a pink or brownish hue, and its surface is wrinkled and provided 
with secondary papiUse ; it is perforated by from fifteen to twenty orifices, the 
apertures of the lactiferous ducts. The base of the nipple is encircled by a 
coloured area of skin called the areola. In the virgin the areola is of a delicate 
rosy hue ; about the second month of pregnancy it enlarges and acquires a 
darker tinge, and as pregnancy advances it may assume a dark brown, or even 
black colour. This colour diminishes as soon as lactation is over, but is never 
lost entirely. These changes in the colour of the areola are of importance in 
forming a conclusion in a ease of suspected first pregnancy. Near the base of 
the nipple, and upon the surface of the areola, there are numerous sebaceous 
glands, termed the areolar glands, which become much enlarged during lactation 
and present the appearance of small tubercles beneath the skin ; they secrete 


Fig. 1251 .— a dissection of the lower half of the mammary gland dui'ing the 
period of lactation. (Luschka.) 
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a peculiar fatty substance, which serves as a protection to the skin of the nipple. 
The nipple is traversed by the ducts of the gland, and, in addition, contains 
numerous vessels, intermixed with plain muscular fibres, which are principally 
arranged in a circular manner around the base, but a few fibres radiate from 
base to apex. 

Structure (figs. 1251 to 1253). — The mammary gland consists {a) of gland-tissue ; (b) of 
fibrous tissue, coimecting its lobes ; and (c) of fatty tissue in the intervals between the lobes. 
The subcutaneous tissue encloses the gland and sends numerous septa into it to support its 
various lobules. From that part of the fascia which covers the gland fibrous processes 
pass forwards to the skin and the nipple ; these were named by Sir Astley Cooper the 
ligamenta suspensoria. The gland-tissue is of a pale reddish colour, firm in texture, and 
forms a lobulated mass which is flattened from before backwards and thicker in the centre 
than at the circumference. It consists of numerous lobes, and these are composed of 
lobules, connected together by areolar tissue, blood-vessels and ducts. The smallest lobules 
consist of a cluster of rounded alveoli which open into the smallest branches of the lactiferous 
ducts ; these branches umte to form larger ducts which end in the excretory ducts or ductus 
lactiferi. The lactiferous ducts vary from fifteen to twenty in number ; they converge 
towards the areola, beneath which they form dilatations, nanied lactiferous sinuses^ which 
serve as reservoirs for the milk. At the base of the nipple they become contracted, and 
pursue a straight course to its summit, perforating it by separate orifices considerably 
narrower than the ducts themselves. The ducts are composed of areolar tissue con- 
taining longitudinal and transverse elastic fibres ; they are lined by columnar epithehum 
resting on a basement-membrane. The epithelium of the alveoli differs according to 
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the state of activity of the organ. In the gland of a woman who is not pregnant 
or sucklings the alveoli are very small and solid, being filled with a mass of 


granular polyhedral cells. During preg- 
nancy the alveoli enlarge, and the cells 
undergo rapid multiplication. At the 
commencement of lactation, the cells in 
the centre of the alveolus undergo fatty 
degeneration, and are eliminated in the 
first milk, as colostrum corpuscles. The 
peripheral cells of the alveolus remain, 
and form a single layer of granular, 
short columnar cells, with spherical 
nuclei, lining the basement membrane. 
When the gland is active, oil globules 
are found in the alveolar cells and are 
discharged into the lumen, constituting 
the mili-globules. When the acini are 
distended by the accumulation of the 
secretion the lining epithelium becomes 
flattened. 

The fibrous tissue invests the entire 
surface of the mammary gland, and 
sends down septa between its lobes, 
connecting them together. 

The fatty tissue covers the surface of 
the gland, and occupies the iatervals 
between its lobes. It usually exists in 
considerable abundance, and determines 
the form and size of the gland. There is 
no fat immediately beneath the areola 
and nipple. 

Vessels and Nerves. — The arteries 
supplying the mammary gland are 
derived from the thoracic branches of 
the axillary artery, and from the in- 
ternal mammary and intercostal arteries. 
The veins describe an anastomotic circle 
round the base of the nipple, called by 
Haller the circulus venosus. From this 
circle, branches transmit the blood to 
the circumference of the gland, and end 
in the axillary and internal mammary 
veins. The lymph vessels are described 
on p. 861. The nerves are derived from 
the anterior and lateral cutaneous 
branches of the fourth, fifth, and sixth 
thoracic nerves. 

Applied Anatomy . — The ducts de- 
scending from the nipple radiate through 
the gland, and when an incision is made 
into the breast the scalpel should be 
directed radially, from the centre to the 
periphery, so that it may not pass across 
the ducts. A milk duct may become 
obstructed and distended, forming a 
cyst known as a galactocele. Abscess 
frequently occurs about the mammary 
gland, more often in women who are 
lactating, especially in those who have 
cracks and fissures about the nipple. 
The abscess may be between the septa, 
in the gland-tissue itself, or it may lie be- 
neath the skin by the side of the nipple 
and superficial to the gland, or it may 
form beneath the gland, between it and 
the deep fascia. Free incision, radiating 
from the nipple, is required m such cases. 


Fig. 1252. — ^Horizontal section of the mam- 
mary gland at the level of the nipple in 
a multiparous female, aged forty years. 
(Stiles.) (From Quain’s Anatomy, vol. iii. 
part iv.) 
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Cystic formation of many different kinds is commonly seen in the mammary gland ; in 
some cases it is due to dilatation of the larger ducts or of the lymph-spaces throughout the 
gland ; in others the cysts occur in new growths of the gland, or as the result of obstruction 
of the smaller ducts by chronic inflammatory processes. 

Malignant growths are seen more often in the mammary gland than in any other organ. 
A hard, contracting tumour-mass results, which drags on the fibrous septa between the 


Tig. 1253. — A section through a portion of the non-lactating mammary gland. 



lobes so that fixation or retraction of the nipple ensues, and sooner or later the malignant 
infiltration invades the surrounding gland-tissues, the skin, the deep fascia and Pectorales, 
and even the chest wall and pleura. The lymph glands beneath the Pectorales and those 
situated towards the apex of the axilla become involved early with secondary malignant 
deposit, and later the supraclavicular glands enlarge. In other cases the mediastinal glands 
may be involved, when the disease is situated on the medial side of the nipple. 

The operation for removal of a mammary gland affected with malignant disease should 
be an extensive procedure, with the object of extirpating all fascial planes and lymphatic 
structures that may become infected. 
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THE DUCTLESS GLANDS 

All animals possess a number of glands the secretions of which exercise an 
important influence on general metabolic processes, including growth. In 
order that they may be able to act in this way, the secretions are passed directly 
from the secreting cells into the blood-stream as it circulates through the 
capillaries of the glands, and so are carried to all parts of the body. Groups of 
cells in some of the other glands in the body have a similar function, although 
they do not constitute distinct anatomical entities. The cell-islets of the 
pancreas, and the interstitial cells of the testes and ovaries pass their secretions 
directly into the blood- stream and exert their functions in a similar manner. 
Glands or groups of cells which produce such internal secretions are collectively 
known as endocrine organs. 

Despite the great output of literature dealing with the subject, it is still 
impossible to group the endocrine organs on a functional basis, and it is doubt- 
ful whether much benefit is to be derived from utilising any other basis. It 
may, however, prove convenient to group the hypophysis cerebri and the 
pineal body together, owing to their direct ectodermal origin. In the same way, 
the thyroid and parathyroid glands may be grouped together, as they are 
both derived from the pharyngeal entoderm (p. 165). The paraganglia, the 
medulla of the suprarenal gland, the glomera carotica and the glomus coccygeum 
are all (with the possible exception of the last-named) derived from primitive 
sympathochromaffin cell-groups (p. 108), and, therefore, indirectly ectodermal 
in origin. Lastly, the cortex of the suprarenal gland is developed from the 
coelomic epithelium, so that it may be referred to the mesoderm. 

In addition, the term ‘ ductless glands ’ applies with equal truth to a number 
of glands or glandular bodies which are principally concerned with the replace- 
ment and destruction of the corpuscles of the blood and lymph. The lymph 
glands, the spleen and, probably, the thymus * belong to this category. 

For convenience, all the ductless glands are dealt with in this section with 
the exceptions of the h 3 ^ophysis cerebri (p. 964), the pineal body (p. 961) 
and the lymph glands (pp: 844 to 879), which have already been described. 
The following, however, have still to be considered : 

The Thyroid gland. 

The Parathyroid glands. 

The Paraganglia. 

The Suprarenal glands. 

The Carotid bodies. 

The Coccygeal body. 

The Thymus. 

The Spleen. 

The Thyroid Gland (fig. 1254) 

The thjrroid gland is a highly vascular organ, situated at the front and sides 
of the lower part of the neck, opposite the fifth, sixth and seventh cervical 
vertebrae. It is ensheathed by the pretracheal layer of the deep cervical fascia 
(fig. 584), and consists of right and left lobes connected across the median plane 
by a narrow portion, termed the isthmus. Its weight is somewhat variable, but 
is usually about 30 gm. It is shghtly heavier in the female, in whom it becomes 
enlarged during menstruation and pregnancy. 

The lobes are conical in shape, the apex of each being directed upwards and 
laterally as far as the junction of the middle with the lower one-third of the 
thyroid cartilage ; the base is on a level with the fifth or sixth tracheal ring. 
Each lobe is about 5 cm. long ; its greatest width is about 3 cm., and its thick- 

* Sir E. Sharpey-Schafer {The Endocrine Organs^ 2nd edition) is of the opinion that the 
thymus should not be classed as an endocrine organ. 
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thyroid artery and an anastomosing branch which connects that vessel to the 
posterior branch of the superior th37roid artery. In addition the parathyroid 
glands are related to this border, although they may be found in association 
with the posterior surface. 

The isthmus connects together the lower parts of the two lobes ; it measures 
about 1*25 cm. transversely, and the same vertically, and usually covers the 
second, third and fourth rings of the trachea. Its situation and size present, 
however, many variations. It is covered with the skin and fascia, and close to 
the median plane, on each side, with the Sternothyroid. An anastomotic 
branch uniting the two superior th5n'oid arteries runs along its upper border ; 
at its lower border the inferior thyroid veins leave the gland. Sometimes the 
isthmus is altogether wanting. 


Fig. 1255. — Section of thyroid gland of cat. (E. Sharpey-Schafer.) x400. 
Photograph. (From Sharpey-Schafer’s Essentials of Histology.) 



The vesicles are occupied by colloid, which has partly shrunk away from the epithelium. 


A third lobe, of conical shape, called the pyramidal lobe, frequently extends 
from the upper part of the isthmus, or from the adjacent portion of either lobe, 
but most commonly the left, to the hyoid bone. It is occasionally quite de- 
tached, or may be divided into two or more parts. 

A fibrous or muscular band is sometimes attached, above, to the body 
of the hyoid bone, and below, to the isthmus of the gland, or its pyramidal 
lobe ; when muscular, it is termed the Levator glandules thyreendem. 

Small detached portions of thyroid tissue are sometimes found in the 
vicinity of the lobes or above the isthmus ; they are called accessory thyroid 
glands. 

Structure. — The thyroid gland is closely invested by a thin capsule of connective tissue, 
which sends incomplete septa into its substance, diviing it into masses of irregular form 
and size. The gland is of a brownish-red colour, and is made up of a number of closed 
vesicles, just visible to the naked eye, containing a yellow, glairy fluid, and separated from 
each other by intermediate connective tissue (fig, 1255). The vesicles are arranged in 
groups or gland-units, each unit being enclosed in an endothelial lymph-sac. 

The vesicles of the thyroid of the adult are generally closed spherical sacs ; but in some 
young animals (e.g. dogs) they are more or less tubular and branched. Each is lined with a 
single layer of cubical epithelium. There does not appear to be a basement-membrane, 
so that the epithelial cells are in direct contact with the connective tissue reticulum. The 
vesicles are of various sizes, and contain a viscid, homogeneous, semi-fluid, slightly yellowish, 
colloid material ; red blood-corpuscles are found in various stages of disintegration and 
decolorisation, the yellow tinge being probably due to haemoglobin, which is set free from 
the corpuscles. The colloid material contains an iodine compound, thyroxin or iodothyro^ 
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globulin, and, when coagulated by hardening reagents, is readily stained by eosin and other 
dyes. It passes out between the cubical cells and is absorbed into the blood or lymph. 

Vessels and ITerves. — The arteries supplying the thyroid gland are the superior (p. 704) 
and inferior thyroid arteries (p. 737) ; sometimes there is an additional branch (a. thyreoidea 
ima) from the innominate artery or the arch of the aorta, which ascends upon the front of 
the trachea. The arteries are remarkable for their large size and frequent anastomoses. 
The veins form a plexus on the surface of the gland and on the front of the trachea ; from 
f-.liig plexus the superior, middle and inferior thyroid veins arise ; the superior and middle 
end in the internal jugular vein, the inferior in the innominate vein. The capillary blood- 
vessels form a dense plexus in the connective tissue around the vesicles, between the epithel- 
ium of the vesicles and the endothelium of the lymph vessels which surround a greater or 
smaller part of the circumference of the vesicle. The lymph vessels run in the interlobular 
connective tissue, not uncommonly surrounding the arteries which they accompany and 
communicate with a network in the capsule of the gland ; they may contain colloid material. 
They end in the thoracic duct and the right lymphatic duct. The nerves are derived from 
the middle and inferior cervical ganglia of the sympathetic. 

G. Scott Williamson * states there is a free anastomosis between the branches of the 
superior thyroid arteries and the larger surface veins of the gland. He also describes a 
very definite system of lymph vessels which leaves each lobe at the point of entrance of 
the branches of the inferior thyroid artery, and passes directly into the lymph-spaces of 
the lobes of the thymus. 


Applied Anatomy , — An y enlargement of the thyroid gland is called a goitre. When a 
goitre continues to grow, and especially when there are commencing symptoms of tracheal 
pressure, operative interference becomes necessary. 

Partial extirpation of the thyroid, viz. the removal of one lobe with division of the 
isthmus, may be required in cases of parenchymatous goitre, and in the diffuse form of 

adenomatous disease. It is a more 

Fig. 1256. — The parathyroid glands. Posterior 
aspect. 
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radical proceeding, and carries with 
it a much greater risk of haemor- 
rhage ; there is also a danger of 
wounding the recurrent laryngeal 
nerve. The whole gland must never 
be removed, as such a procedure is 
followed by the development of 
myxcndema. In dealing with the 
inferior thyroid artery, the position 
of the recurrent laryngeal nerve (p. 
737) must be borne in mind, lest 
it should be ligatured or divided. 
Temporary aphonia not uncom- 
monly follows from bruising of the 
nerve, and if nothing more serious 
has occurred soon passes off. 


The Pabathyhoid Glands 


The parathyroid glands (fig. 
1256) are small, brownish-red 
bodies, situated as a rule be- 
tween the posterior borders of 
the lobes of the thyroid gland 
and its capsule. They measure 
on an average about 6 mm. 
in length, and from 3 mm. to 
4 mm. in breadth, and usually 
present the appearance of flat- 
tened oval discs. ■ They are 
divided, according to their situation, into superior and inferior. The superior, 
usually two in number, are the more constant in position, and are situated one 
on each side, at the level of the lower border of the cricoid cartilage, behind the 
junction of the pharynx and oesophagus. The inferior, also usually two in 
number, may be applied to the lower edges of the lobes of the thyroid 
gland, or may be placed at some little distance below the thyroid gland, or in 

* Arris and Gale lecture on “ The Applied Anatomy and Physiology of the Thyroid 
. Apparatus ” {British Journal of Surgery, January 1926, page 466). 
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relation to one of the inferior th^oid veins. * According to Walton, f the inferior 
parathyroid is found as a rule in one of three positions : (1) within the fascial 
sheath of the thyroid gland, below the inferior thyroid artery and near the lower 
pole of the lobe : (2) posterior to the fascial sheath of the thyroid gland, im- 
mediately above the inferior thyroid artery : and (3) within the substance of 
the lobe of the thyroid gland near the lower end of its posterior border. 

In man, they number four as a rule ; fewer than four were found in less than 
1 per cent, of over a thousand persons (Pepere J), but more than four in over 33 per 
cent, of 122 bodies examined by Civaljeri. In addition numerous, minute islands 
of parathyroid tissue may be found scattered in the connective tissue and fat of 
the neck round the parathyroid glands proper, and quite distinct from them. 

Structure. — ^Microscopically the parathyroid glands consist of intercommunicating 
columns of cells supported by connective tissue containing a rich supply of blood-capillaries 
(sinusoids). Four t3q)es of cells have been described : (1) principal cells, large, clear and 
polygonal, with distinct cell outlines and dark nuclei which show a definite chromatin 



network, (2) neutrophil cells, which are smaller, and contain neutrophil granules and very 
dark nuclei, (3) groups of cells with oxyphil granules, and (4) pallisade cdls, which are 
principal cells forming a pallisade on the borders of the sinusoids (fig. 1257). Vesicles 
containing colloid are sometimes found. 

Vessels and Nerves. — The parathyroid glands receive a very rich hlood-supply from the 
inferior thyroid arteries or from the anastomoses between the superior and inferior thyroid 
arteries. Their lymph vessels are numerous, and are associated with those of the thyroid 
and thymus glands. Their nerve-supply is derived from the sympathetic, either directly 
from the superior or middle cervical gangHa, or indirectly through a plexus in the fascia on 
the posterior surface of the lobes of the thyroid gland. 

The Paeaganglia 

The paraganglia are found in two chief groupings : (1) as small masses of 
chromaffin cells (p. 124) placed either within the capsules of the sympathetic 
ganglia or in close contact with them ; (2) as small groups of chromaffin cells 
scattered throughout the sympathetic plexuses. The two largest masses in 
this latter group are the aortic bodies. 

* Consult an article by D. A. Welsh, Journal of Anatomy and Physiology, vol. xxxii. 

t A. James Walton, British Jowrnal of Surgery, vol. xix. 1931-32. 

i Consult Le Ghiandole paratiroidee, by A. Pepere, Turin, 1906. 
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The aortic bodies are two small brownish- coloured bodies which lie one on 
each side of the abdominal aorta at the level of the origin of the inferior mesen- 
teric artery, in intimate relationship with the abdominal aortic plexus of the 
sympathetic. They are of considerable size (8-10 mm. long) in the new-born 
child, and may be united to one another across the front of the abdominal aorta. 
After birth they gradually atrophy, and they become invisible to the naked eye 
shortly after puberty. 

Stmcture.— The aortic bodies consist of masses of polygonal or cubical epithelium, 
imbedded in a wide-meshed capillary plexus. The cell-bodies stain brown or yellow when 
treated with chromic salts. 


The Stjpraeenal Glands (figs. 1258, 1259) 

The suprarenal glands are two small, fiattened bodies of a yellowish colour, 
situated, one on each side of the median plane, at the posterior part of the 
abdomen, behind the peritoneum, and immediately above and in front of the 
upper end of the kidney. They are surrounded by areolar tissue containing a 



Right 


Left. 


considerable amount of fat. Each gland consists of an outer cortical portion, 
which is rich in lipoids and contains no chromaffin tissue, and an inner medullary 
portion, which stains deeply with chromic salts. It would appear that the two 
parts of the gland are functionally distinct from each other, although even that 
is not yet certain. They are derived from different sources in the embryo 



(p. 125) and in many fishes they exist as separate entities. In man it is not un- 
common to find small masses of tissue, identical with the suprarenal cortex, in 
the neighbourhood of the gland or in other situations. They are termed ' cortical 
bodies.’ Ontogenetically, phylogenetically, structurally, and, probably, funct- 
ionally, the cortex and the medulla of the suprarenal gland are distinct from 
each other, but anatomically they constitute a single entity and are therefore 
described as such in this section. 

The right gland is somewhat pyramidal in shape, bearing a resemblance to 
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Fig. 1260. — ^Vertical section of cortex of suprarenal 
gland of dog. (B6hm and V. Davidoff.) (From 
Sharpey-Schafer’s Essentials of Histology.) 


CapsiLle 


Zona glomemlosa 


> Zona fasdcvXata 


a cocked hat ; the left is semilunar, and is usually larger and extends to a higher 
level than the right. They measure from 30 mm. to 50 mm. in height ; about 
30 mm. in breadth, and from 4 mm. to 6 mm. in thickness. The average weight 
of each is from 3 gm. to 4 gm. 

Relations. — ^The right suprarenal glared is situated behind the inferior vena 
cava and the right lobe of the liver, and in front of the Diaphragm and upper 
end of the right kidney. It is roughly triangular in shape ; its base, usually 
directed downwards, is in contact with the medial and anterior surfaces of the 
upper end of the right kidney. Frequently the base is related to the upper part 
of the medial border of the 
right kidney and not to its 
upper pole . Its anterior surface 
looks forwards and laterally, 
and has two areas : a medial, 
narrow and non-peritoneal, 
which lies behind the inferior 
vena cava ; and a lateral, 
somewhat triangular, in con- 
tact with the liver . The upper 
part of the latter surface is 
devoid of peritoneum, and is 
in relation with the lower and 
medial angle of the bare area 
of the liver, while its inferior 
portion may be covered by 
peritoneum, reflected on to it 
from the inferior layer of the 
coronary ligament ; occasion- 
ally the duodenum overlaps 
the inferior portion. A little 
below the apex, and near the 
anterior border of the gland, 
there is a short furrow termed 
the hilum, from which the 
right suprarenal vein emerges 
to join the inferior vena cava. 

Its posterior surface is divided 
into upper and lower parts by 
a curved ridge ; the upper, 
slightly convex, rests upon 
the Diaphragm ; the lower, 
concave, is in contact with 
the upper end and the adja- 
cent part of the anterior sur- 
face of the right kidney. The 

thin medial border of the gland is related to the right coeliac ganglion, which lies 
medial to its lower part, and to the right (inferior) phrenic artery, as the vessel 
courses upwards and laterally on the right crus of the Diaphragm. 

The left suprarenal gland is crescentic in shape, its concavity being adapted 
to the medial border of the upper part of the left kidney. Its medial border is 
convex, its lateral concave ; its upper end is narrow, its lower rounded. Its 
anterior surface has two areas : an upper, covered with the peritoneum of the 
lesser sac, which separates it from the cardiac end of the stomach and some- 
times from the superior extremity of the spleen ; and a lower, which is not 
covered with peritoneum, but is in contact with the pancreas and splenic artery. 
The hilum, which is directed downwards and forwards, is placed near the lower 
part of the anterior surface. From it the left suprarenal vein emerges to join 
the left renal vein. Its posterior surface is divided into two areas by a ridge ; 
the lateral area rests on the kidney, the medial and smaller, on the left crus of 
the Diaphragm. The convex medial border related to the left coehac ganglion, 
which lies medial to its lower part, and to the left phrenic and left gastric 
arteries, as they run upwards on the left crus of the Diaphragm. 

G.A. 2 Y 2 
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Small accessory suprarenal glands are often found in the areolar tissue 
round the suprarenal glands ; they are sometimes present in the spermatic cord 
and epididymis, and in the broad hgament of the uterus. 

Stnictuie. — ^The suprarenal gland is closely invested by a capsule of fibro-areolar tissue 
ftom which trabeculae pass into the substance of the gland ; the capsule may contain 
smooth muscular fibres. On section, the gland is seen to consist of two portions (fig. 1260) : 
an external, the cortex, and an iutemal, the medulla. The cortex constitutes the larger 
part of the organ, and is of a deep yellow colour ; the medulla is soft, pulpy and of a dark 
red or brown colour. 

The cortex (fig. 1260) consists of a fine connective tissue network, in which is imbedded the 
glandular epithelium . The epithelial cells are polyhedral in shape and possess rounded nuclei ; 
many of the cells contain coarse granules, others lipoid globules. Owing to the differences in 
the arrangement of the cells three distinct zones can be made out : (1) The zona glomerulosa, 
situated beneath the capsule, consists of cells arranged in rounded groups, with here and 
there indications of an alveolar structure. (2) The zona fasciculata, continuous with the 
zona glomerulosa, is composed of columns of cells arranged in a radial manner ; these cells 
contain fine granules and in many instances globules of lipoid material. (3) The zona 
reticularis, in contact with the medulla, consists of cylindrical columns of cells irregularly 
arranged ; these cells often contain pigment-granules which give this zone a darker appear- 
ance than the rest of the cortex. 

The medulla is extremely vascular, and is composed of a mass of large, finely granular 
chromaffin cells, permeated by venous sinusoids. This portion of the gland is richly 
supplied with non-meduUated nerve-fibres, and here and there sympathetic ganglion cells 
are found. 

The suprarenal gland is large in the foetus, owing to the great development of the inner 
layer of the cortex. This layer has been named the boundary zone by ElUott and Armour. 
Its cells contain no lipoid granules. This zone disappears soon after birth and is absent in 
anencephalic foetuses. 

In connexion with the development of the medulla from the sympathochromaffin tissue, 
it is to be noted that this portion of the gland secretes a substance, named adrenalin, which 
has the property of stimulatmg all sympathetic nerve-endings. 

Vessels and Nerves. — The arteries supplying the suprarenal glands are numerous and of 
comparatively large size ; they are derived from the aorta, and the phrenic and renal 

arteries. In the cortical part of the 
gland they break up into capillaries 
which end in the sinusoids of the 
medullary portion ; the latter open 
into the veins near the centre of 
the medulla. 

The suprarenal vein emerges from 
the hilum of the gland ; that of the 
right gland opens into the inferior 
vena cava, that of the left into the 
left renal vein. 

The lymph vessels end in the 
lateral aortic glands. 

The nerves are exceedingly 
numerous, and are derived from 
the splanchnic nerves through the 
cceliao and renal plexuses, and, 
according to Bergmann, from the 
phrenic and vagus nerves. They 
enter the lower and medial part of 
the capsule, traverse the cortex, 
and end around the cells of the 
medulla. They have numerous small 
ganglia developed upon them in the 
medullary portion of the gland. 

The Caeotid Bodies 

The carotid bodies, two in 
number, are situated one on 
each side of the neck, behind 
the common carotid artery at 
its point of bifurcation into the 
external and internal carotid 


Fig. 1261 . — section of the carotid body, showing 
nerve-fibres distributed to the cells, (de Castro.) 
(From Sharpey-Schafer’s Essentials of Histology.) 



a, Myelinated fibre dividing into two fine branches ; cell 
closely surrounded by nerve-fibrils ; c, section of a small nerve, 
composed of several myelinated fibres ; /, a nerve-fibril appar- 
ently ending within the cytoplasm of a cell : g. a nerve-nbril 
ending between the cells. 
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trunks. They are reddish-brown in colour, and oval in shape, the long diameter 
measuring about 5 mm. 

Structure. — Each is invested by a fibrous capsule and consists largely of spherical or 
irregular masses of chromaffin cells (fig. 1261) — the masses being more or less isolated 
from one another by septa which extend inwards from the deep surface of the capsule. 
The cells are polyhedral in shape, and each contains a large nucleus imbedded in finely 
granular protoplasm. Numerous nerve-fibres, derived from the superior cervical ganglion 
of the sympathetic trunk, and from the glossopharyngeal nerve, are distributed throughout 
the organ, and a network of large, sinusoidal capillaries ramifies amongst the cells. De 
Castro believes that the nervous constituents have a higher functional value than the 
chromaffin cells, and he regards the gland, not as an endocrine organ, but as a sensory organ 
associated with the vascular system and, possibly, concerned with the regulation of blood- 
pressure. It is not improbable that some functional significance may be attached to the 
intimate topographical relationship of the carotid body to the carotid sinus (p. 700). 

The carotid bodies are derived from the masses of sympathochromaffin cells which give 
origin to the superior cervical ganglia of the sympathetic trunks. 


The Coccygeal Body 

The coccygeal body is placed in front of, or immediately below, the tip of the 
coccyx. It is about 2*5 mm. in diameter and is irregularly oval in shape ; 
several smaller nodules are found around or near the main mass. 


Fig. 1262. — section through the coccygeal body. (Walker.) (From Sharpey- 
Schafer’s Essentials of Histology.) 



1, Blood-sinusoids ; 2, gland-cells ; 3, connective tissue stroma. 

Structure. — The coccygeal body consists of irregular masses of round or polyhedral cells 
(fig. 1262), the cells of each mass being grouped around a dilated, sinusoidal capillary vessel. 
Each cell contains a large, round or oval nucleus, the protoplasm surrounding which is 
clear and is not stained by chromic salts.* The coccygeal body probably has a sympatho- 
chromaffin origin but, owing to the fact that it cannot be identified before the fourth month, 
the details of its development are uncertain. 

* Consult the following article : “ tJber die menschliche Steissdruse,” von J . W . Thomson 
Walker, Afohiv fur mikrosko'pisGhe Anatomde und Entwickelungsgeschidhte^ Band 64, 1904. 
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The Thymus (fig. 1263) 

The thymus increases in size until the age of puberty, after which it dwindles 
and imdergoes a gradual involution. Hammer maintains that it may persist 
and function even in advanced life. If examined when its growth is most active, 
it will be found to consist of two lobes placed in close contact along the 
median plane, situated partly ia the thorax, partly in the neck, and extending 
from the fourth costal cartilage upwards, as high as the lower border of the 
thyroid gland. It is covered by the sternum, and by the origios of the Sterno- 
hyoid and Sternothyroid muscles. Below, it rests upon the pericardium, being 
separated from the aortic arch and great vessels by a layer of fascia. In the 
neck it lies on the fi-ont and sides of the trachea, betod the Sternohyoid md 
Stemoth 3 ?roid muscles. The two lobes generally differ in size ; they are occasion- 
ally united by connective tissue, so as to form a single mass ; sometimes they 
are separated by an intermediate lobe. The th 3 unus is of a pinkish-grey colour, 

Tig. 1263. — The thymus of a full-time foetus. Exposed in situ. 



soft, and lobulated on its surfaces. At birth it weighs about 13 gm., and at 
puberty between 35 and 40 gm. ; it is heavier in the male than in the female. 
Small nodules of thymic tissue may be found in the neighbourhood of the 
thyroid gland, and are frequently closely associated with the parathyroid 
glands. 

Structure. — Each lateral lobe is composed of numerous lobules held together by delicate 
areolar tissue, the entire gland beiug enclosed in an investing capsule of a similar but 
denser structure. The primary lobules vary in size and are made up of a number of small 
nodules or follicles, which are irregular in shape and are more or less fused together, especi- 
ally towards the interior of the gland. Each follicle (fig. 1264a) is from 1 mm. to 2 mm. 
in diameter and consists of a cortical and a medullary portion ; it is enclosed in a connective 
tissue capsule, from which septa pass into its substance, but do not extend as far as the 
medullary portion of the follicle. The cortical portion, is mainly composed of lymphocytes, 
supported by a network of finely branched cells, which is continuous with a similar network 
in the medullary portion. This network forms an adventitia to the blood-vessels. In the 
medullary portion the lymphoid cells are fewer, and the reticulum is coarser than in the 
cortex ; it contains nest-fike bodies,, termed the concentric corpuscles of HassaU. These 
corpuscles are composed of a central mass, consisting of one or more granular cells, and 
of a capsule which is formed of concentrically arranged epithelioid cells (fig. 1264b). Eosino- 
phil and pol^orphonuclear leucocytes are also found in the gland. 

Each follicle is surrounded by a vascular plexus, from which vessels pass into the interior, 
and radiate from the periphery towards the centre, forming a second zone just within the 
margin of the medullary portion. In the centre of the medullary portion there are very few 
vessels, and they are of minute size. 

The cortical part begins to atrophy before the medullary part, and its decrease in size 
is mainly owing to a diminution in the number of lymphocytes. 
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Vessels and Nerves. — The blood-supply of the thymus is scanty. The arteries are derived 
from the internal mammary, and the superior and inferior thjrroids. The veins end in the left 
innominate vein, and in the thyroid veins. The lymph vessels are described on p. 879. 
The nerves are exceedingly minute ; they are derived from the vagi and sympathetic. 
Branches from the descendens h3rpoglossi and phrenic reach the investing capsule but do not 
penetrate the substance of the gland. 

Applied Anatomy , — Sudden death — ‘ thymus death ’ — with heart-failure, and with or 
without acute respiratory embarrassment, has been recorded in a number of infants and 
children in whom the thymus was considerably enlarged, and the lymphatic tissues through- 
out the body showed general hypertrophy, but who showed no other evidence of disease. 
Such deaths have often occurred during the administration of anaesthetics, particularly 
chloroform. How far the enlarged thymus was responsible for the death of these patients, 
and, if it was responsible, how far its action was mechanical, are points that have been 

Fig. 1264. — ^A, A section through a follicle of the thymus of a kitten, x 60 
B, a corpuscle of Hassall. x 350. Stained with picrocarmine. 



much disputed. Short of producing this sudden death, it appears that thymic enlargement 
may cause attacks of respiratory stridor, or noisy and difficult breathing, and spasmodic 
attacks of asthma — ‘ thymic asthma ’ — ^which may be frequently repeated and may even 
result in death. 


The Spleen (Lien) (fig. 1265) 

The spleen is situated principally in the left hypochondriac region of the 
abdomen, but its upper end extends into the epigastric region ; it lies between 
the fundus of the stomach and the Diaphragm. It is the largest of the ductless 
glands, and is of an oblong, flattened form, soft, of very friable consistence, 
highly vascular, and of a dark purplish colour. 

Relations. — The diaphragmatic surface is convex, smooth and faces upwards, 
backwards, and to the left, except at its upper end, where it faces slightly 
medially. It is in relation with the under surface qf the Diaphragm, which 
separates it from the ninth, tenth, and eleventh ribs of the left side, and the 
intervening lower borders of the left lung and pleura. 

The visceral surface (fig. 1265) is directed towards the abdominal cavity, and 
presents gastric, renal, pancreatic and colic impressions. 

The gastric impression, directed forwards, upwards, and medially, is 
broad and concave. It is in contact with the posterior wall of the stomach, from 
which it is separated by a recess of the greater sac. It presents near its lower 
hmit a long fissure, termed the hilum. This is pierced by several irregular 
apertures for the entrance and exit of vessels and nerves. 
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The renal impression, which is very gently concave, is placed on the lower 
part of the visceral surface and is separated from the gastric impression above 
by a raised margin. It is directed medially, downwards and a little backwards, 
and is related to the upper and lateral part of the anterior surface of the left 
kidney and, sometimes, to the upper pole of the left suprarenal gland. 

The colic impression is placed at the lateral extremity of the spleen and is 
usually flattened. It is related to the left colic flexure. 

The pancreatic impression, when present, is small and is placed between the 
colic impression and the lateral part of the hilum. It is directly related to the 
tail of the pancreas. 

The superior border separates the diaphragmatic surface from the gastric 
impression. It is usually convex upwards and is marked, near its lateral end, 


Fig. 1265. — The visceral surface of the spleen. 



by one or two notches of variable depth. The inferior border separates the renal 
impression from the diaphragmatic surface and lies between the Diaphragm and 
the upper part of the lateral border of the left kidney. It is blunter and more 
rounded than the superior border and corresponds to the lower margin of the 
eleventh rib. 

The medial end of the spleen is blunt and rounded in most cases. It is 
directed towards the vertebral column and lies on a level with the twelfth 
thoracic vertebra. The lateral end is more expanded, and commonly takes the 
form of a margin connecting the lateral ends of the upper and lower borders. 
It is related to the left colic flexure and to the phrenicocolic ligament. 

The spleen is almost entirely surrounded by peritoneum, which is firmly 
adherent to its capsule. Recesses of the greater sac intervene between the spleen 
and the stomach, and between the spleen and the left kidney. It develops in the 
upper part of the dorsal mesogastrium (p. 179) and remains connected to the 
stomach and to the posterior abdominal wall by two folds of peritoneum. One, 
termed the lienorenal ligament, is derived from the peritoneum where the wall 
of the general peritoneal cavity comes into contact with the lesser sac between 
the left kidney and spleen ; the splenic vessels pass between its two layers 
(fig. 1162). The other fold, termed the gastrosplenic ligament, also consists of 
two layers, and is formed by the meeting of the walls of the greater and lesser 
sacs between the spleen and stomach (fig. 1162) ; the short gastric and left 
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gastro-epiploic branches of the splenic artery run between its two layers. 
The lateral part of the lateral end of the spleen is in contact with the plirenico- 
colic ligament (p. 1314). 

The size and weight of the spleen vary at different periods of life, in different 
individuals, and m the same individual under different conditions. In the adult 
it is usually about 12 cm. in length, 7 cm. iu breadth, and 3 or 4 cm. in thickness, 
and weighs about 200 gm., but it tends to diminish in size and weight with 
advancing age. 

The size of the spleen slowly increases during digestion, and varies according to the state- 
of nutrition of the body, being large in highly fed, and small in starved, animals. In malarial 
fever it is greatly enlarged, and may weigh as much as 9 khos. 

Frequently in the neighbourhood of the spleen, and especially in the gastrosplenic liga- 
ment and greater omentum, small encapsulated nodules of splenic tissue may be found. 


Fig. 1266. — A transverse section through the spleen, showing the trabecular tissue 
and the splenic vein and its tributaries. 



either isolated or connected to the spleen by thin bands of splenic tissue. They are known 
as cLCcessory spleens. 

Structure. — The spleen is invested by two coats : an external serous and an internal 
filbro-elastic coat. 

The eoctemal, or serous^ coat is derived ffom the peritoneum ; it is thin, smooth, and in 
the human subject intimately adherent to the fibro-elastic coat. It invests the entire 
organ, except at the hilum and along the lines of reflection of the lienorenal and gastro- 
splenic ligaments. 

The fibrO’dastic coat, or tunica albuginea, invests the organ, and at the hiluTvi is reflected 
inwards upon the vessels in the form of sheaths. From these sheaths, as well as from the 
inner surface of the fibro-elastic coat, numerous small fibrous bands, termed trabeculce 
(fig. 1266), are given off in all directions ; these unite to form the framework of the spleen, 
in the interspaces of which the splenic pulp is contained. 

The fibro-elastic coat, the sheaths of the vessels, and the trabeculae, are composed of 
white, and yellow elastic, fibres, the latter predominating. It is owing to the presence of 
the elastic tissue that the spleen possesses a considerable amount of elasticity, which 
allows of the very great variations in size that it presents under certain circumstances. 
In addition to these constituents there is a small amount of non-striped muscular fibre. 
In some mammals (e.g. dog, pig, and cat) the trabeculse consist chiefly of muscular tissue. 

The splenic pulp is a soft mass of a dark reddish-brown colour ; it consists of a fine 
reticulum of fibres, continuous with those of the trabeculse, to which fiat, branching cells 
are applied. The meshes of the reticulum are filled with blood, in which, however, the 
white corpuscles are found to be in larger proportion than they are in ordinary blood. 
Large, rounded cells, termed splenic cells, are also seen; these are capable of amoeboid 
movement, and often contain pigment and red blood-corpuscles in their interior. The 
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cells of the reticulum possess rouiid or oval nuclei, and like the splenic cells they may 
contain pigment-granules in their cytoplasm ; they do^ not stain deeply with carmme, 
and in this respect differ from the cells of the lymphatic nodules. In the young spleen 


Fig. 1267. — transverse section through the human spleen, showing the 
distribution of the splenic artery and its branches. 



giant cells may be found, each containing numerous nuclei or one compound nucleus. 
Nucleated red blood-corpuscles have also been found in the spleen in young animals. 

Blood-vessels of the spleen. — The splenic artery (p. 765) is remarkable for its large calibre 
in proportion to the size of the organ, and also for its tortuous course. It divides into six or 
more branches, which enter the hilum of the spleen and ramify throughout its substance 

Fig. 1268. — section through a portion of the human spleen. Stained with 
hsematoxylin and eosin. x 15. 



(fig. 1267), receiving sheaths from an involution of the external fibrous tissue. Similar 
sheaths also invest the nerves and veins. 

Fach branch runs in the transverse axis of the organ, from within outwards, diminish- 
ing in size during its transit, and giving off in its passage smaller branches, some of which 
pass to the anterior, others to the posterior, part. These ultimately leave the trabecular 
sheaths, and terminate in the proper substance of the spleen in small tufts or pencils of 
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minute arterioles, which open into the interstices of the reticulum formed by the branched 
sustentacular cells. The branches of the splenic artery are ‘ end arteries ’ (p. 690). 

The arterioles differ m structure from the larger arterial vessels in that their outer coat 
consists of lymphoid tissue. This coat exhibits localized spheroidal thickenings, termed 
the lymphatic nodules {Malpighian bodies) of the spleen (fig. 1268). These bodies vary in 
size from about 0-25 mm. to 1 mm. in diameter. In transverse sections the artery, in the 
majority of cases, is found in an eccentric position. The lymphatic nodules are visible to 
the naked eye on the surface of a fresh section of the organ, appearing as minute semi- 
opaque dots of a whitish colour in the dark substance of the pulp. The reticulum of the 
lymphoid tissue is made up of extremely fine fibrils, and is comparatively open in the centre 
of the body, but closer at its periphery. 


Fig. 1269. — Thin section of spleen-pulp of child, highly magnified, showing the 
mode of origin of a small vein in the interstices of the pulp. (E. Sharpey- 
Schafer.) x400. (^Toxa Essentials of Histology.) 



fl, Blood in pulp ; a\ blood in vein ; 6, phagocyte in vein ; c, branched cell of pulp ; 
d, phagoc:^ic splenic cell. 

The arterioles end by opening freely into the splenic pulp ; their walls become much 
attenuated, they lose their tubular character, and the endothelial cells ramify, their pro- 
cesses being directly connected with those of the reticular cells of the pulp. The blood thus 
finds its way into the interstices of the reticulated tissue of the splenic pulp. It is then 
collected by the rootlets of the veins, which begin much in the same way as the arteries end 
(fig. 1269). The connective tissue corpuscles of the pulp arrange themselves in rows, in 
such a way as to form an elongated space or sinus. They become elongated and spindle- 
shaped, and overlap each other at their extremities, and thus form a sort of endothelial 
lining of the path or sinus, which is the radicle of a vein. On the outer surface of these 
sinuses delicate transverse fines or markings, which are due to minute elastic fibrils arranged 
in a circular manner, are seen. Thus the channel obtains an external investment, and 
gradually becomes converted into a small vein, which after a short course acquires a coat 
of ordinary connective tissue, lined with a layer of endothelial cells continuous with 
the supporting cells of the pulp. The smaller veins unite to form larger ones : these do not 
accompany the arteries, but soon enter the trabecular sheaths of the capsule, and by their 
junction form six or more vessels. These emerge from the hilum and, uniting, constitute 
the splenic vein (p. 842), which is the largest radicle of the portal vein. 

The veins are remarkable for their numerous anastomoses. 

The lymph vessels are described on p. 868. 

The nerves are derived from the coefiac plexus and are chiefly non-medullated. They are 
distributed to the blood-vessels and to the smooth muscle of the capsule and trabeculae. 




1426 SPLAJfOHNOLOGY 

Applied Anatomy , — Injury of the spleen is less common than that of the liver, on account 
of its protected situation and connexions. It may be ruptured by direct or indirect violence ; 
tom by a broken rib ; or injured by a punctured or gunshot wound. When the organ is 
enlarged the chance of rupture is increased. The great risk is haemorrhage, owing to the 
vascularity of the organ and the absence of a proper system of capillaries. The injury, 
however, is not necessarily fatal, and this would appear to be due, in a great measure, to 
the contractile power of the capsule, which narrows the wound and prevents the escape of 
blood. In cases where the diagnosis is clear, and the symptoms indicate danger to life, 
laparotomy must be performed, and the spleen removed. When removing the spleen it 
must be remembered that the tail of the pancreas is in contact with it, and should be avoided 
when the vessels are ligatured. 
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S URFACE anatomy deals with the relationships of structures to the surface 
of the body, and, in order that these relationships may be determined, use 
is made of surface landmarks which can be identified easily. Many subcutaneous 
as well as many deeper structures produce irregularities in the surface contour 
of the body which can be appreciated on inspection ; others, while yielding no 
visible sign of their presence, can be felt through the skin, and are therefore 
capable of identification by means of palpation. Most of the deeper structures 
can neither be seen nor felt through the skin, but a knowledge of their topo- 
graphical relations in the body makes their reference to visible or palpable 
landmarks a matter of relatively little difficulty. 

Bones, cartilages, muscles and tendons provide most of the visible and palp- 
able landmarks. When bony or cartilaginous landmarks are being sought, 
their recognition is facilitated by the relaxation of the muscles in their neigh- 
bourhood. On the other hand, muscles and tendons can be identified most 
easily when they are thrown into contraction and, preferably, when they are 
working under load. In cases where arteries are placed superficially and lie on 
bone, their position can be indicated accurately as their pulsations render their 
identification easy. Nerves, similarly placed, can be rolled under the skin 
against the bone and can be identified in that way. A few other structures, 
e.g. the parotid duct, the spermatic cord, etc., can also be felt through the skin. 

In the succeeding pages the subject-matter is treated regionally, and in each 
case a description of the visible and palpable landmarks precedes the description 
of the surface relations of the other structures in the region. It would be possible 
to enumerate the surface relations of all the structures in the human body, but, 
while all the important visible and palpable landmarks will be included, the sur- 
face relations of other struct\ires will be described only in those cases where the 
information is likely to be of practical value and may be utilised in connexion 
with the examination or treatment of patients. 


THE SURFACE ANATOMY OF THE UPPER LIMB 

The Shouldee ahd Axillaey Regions 

Surface landmarks. — The clavicle forms a landmark which is both visible and 
palpable. Its outline can be traced from its expanded sternal end, which is the 
lateral boundary of the suprasternal notch, to its flattened acromial extremity. 
The line of the acromioclavicular joint is anteroposterior, but it is not easy to 
identify except in those oases where the upper border of the lateral end of the 
clavicle presents a well-marked ridge. The small depression which lies below 
the clavicle at the junction of its two curves constitutes the inf raclavicular fossa 
(deltoideopectoral triangle) (fig. 1283) and intervenes between the surface eleva- 
tions produced by the clavicular origins of the deltoid and the pectoralis major 
muscles. 

The rounded lower, or lateral, border of the pectoralis major forms the 
anterior axillary fold and is rendered more conspicuous when the abducted arm 
is adducted against resistance ; it extends from the lower end of the lateral lip 
of the bicipital groove (intertubercular sulcus) of the humerus downwards and 
medially to the chest wall. When the arm is flexed to a right angle and main- 
tained in that position against gravity, the clavicular head of the muscle is thrown 
into contraction, while the sternocostal head is relaxed. The lower border of the 
clavicular head can then be traced from the sternal end of the clavicle to the 
lower border of the anterior axillary fold, and it corresponds to the line of separa- 
tion of the two heads of the muscle. \^en the flexed arm is extended against 
resistance, the clavicular head becomes relaxed, but the sternocostal head stands 
out in bold relief. 



1428 SURFACE ANATOMY 

The acromion can be traced forwards along its medial margin from the 
acromioclavicular joint to its tip, and then backwards along its lateral margin 
across the top of the shoulder until it meets the crest of the scapular spine at 
the prominent acromial angle, From this angle the crest of the scapular spine 
(fig. 1286) runs downwards and medially to reach the medial border of the bone 
opposite the spine of the third thoracic vertebra. It is subcutaneous and is 
both visible and palpable. The medial border of the scapula is hidden in its 
upper part by the trapezius muscle, but, below the spine, it can be traced 
downwards and slightly laterally to the inferior angle (fig. 1286), which 
usually overhes the seventh intercostal space at the level of the spine of 
the seventh thoracic vertebra. When the arm is raised above the head, the 
position of the medial border is indicated by an oblique furrow. Although 
it is covered by the teres major and latissimus dorsi muscles, the inferior 
angle can easily be felt when it is approached from below, and it can be 
seen moving laterally and forwards round the chest wall when the arm is 
raised above the head. 

The rounded contour of the normal shoulder is caused by the bulky deltoid 
muscle (fig. 1286), the limits of which can be determined accurately when the 
arm is maintained in the abducted position against gravity. The tendon of 
insertion can be identified about half-way down the lateral aspect of the 
humerus, and from its anterior aspect the anterior border of the muscle can be 
traced upwards and medially, across the tendon of the pectoralis major, to 
form the lateral boundary of the infraclavicular fossa. The posterior border of 
the muscle runs upwards and medially from the posterior aspect of the tendon 
of insertion and crosses the back of the shoulder to reach the crest of the 
scapular spine near its medial end. As it passes from its origin to its insertion 
the deltoid muscle is spread out over the lateral aspect of the greater tuberosity 
of the humerus, and it is actually this bony relationship which accounts for the 
normal rounded contour of the shoulder. When the greater tuberosity is dis- 
placed medially — a condition which is present in dislocation of the shoulder 
joint — ^the deltoid descends vertically to its insertion and the normal, rounded 
contour is lost. 

The apex of the coracoid process can be made out indistinctly under cover 
of the anterior fibres of the deltoid. It lies 2*5 cm. vertically below the clavicle 
at the junction of the lateral fourth with the rest of the bone. 

The posterior fold of the axilla, which reaches a lower level on the humerus 
than the anterior fold, is produced by the latissimus dorsi and the underlying 
teres major muscle. Both take part in adduction of the arm and, when attempts 
are made to adduct the abducted arm against resistance, the posterior fold of 
the axilla is accentuated and the lower, or lateral, border of the latissimus dorsi 
can be traced downwards to its attachment to the iliac crest. 

When the arm is raised above the head, the lower five or six serrations of the 
serratus anterior muscle (fig. 1270) can be seen on the lateral aspect of the chest ; 
they point downwards and forwards and interdigitate with the serrations of the 
external oblique muscle along a zigzag line. 

The greater tuberosity of the humerus constitutes the most lateral bony point 
m the shoulder region (fig. 1287, and PI. Ill) and projects laterally below and 
in front of the acromial angle. It can be felt indistinctly on deep pressure 
through the deltoid muscle. The lesser tuberosity lies on the anterior aspect of 
the shoulder, 3 cm. below the tip of the acromion. If deep pressure is made 
through the deltoid at this point, the resistance due to the lesser tuberosity can 
be felt, and the bony prominence slips away from the examining finger when 
the humerus is rotated laterally, or medially. 

The pulsation of the lower part of the axillary artery can be felt on palpation 
of the ruedial side of the arm, just in front of the posterior axillary fold, and 
in this situation the great nerves derived from the brachial plexus can be felt 
as tense cords when the arm is abducted. On deep pressure the median nerve 
can be rolled against the humerus, and tingling sensations are induced thereby 
in the central part of the palm of the hand. 

The skin covering the shoulder is smooth and freely movable on the under- 
lybig structures. In the axilla there are numerous hairs and many sudoriferous 
and sebaceous glands. 



1429 


THE SHOULDER AKD AXILLARY SECTION 

Surface relations of other structures. — The axillary artery can be mapped 
out most conveniently when the arm is raised to a right angle with the trunk. 
It can be represented by a broad line drawn laterally from the middle of the 
clavicle to the point at which the pulsation of the vessel is felt. The axillary 
vein is closely applied to the medial side of the artery. In the upper part of 
its course the cephalic vein can be indicated by a line drawn upwards along the 
anterior border of the deltoid muscle, across the infraclavicular fossa, to end 
under cover of the clavicular head of the pectoralis major. 

Fig. 1270. — The left side of the thorax. 



When the arm is by the side the anterior edge of the glenoid cavity can be 
marked out on the front of the shoulder by a line, 3 cm. long, drawn downwards 
from a point just lateral to the tip of the coracoid process. This line, which 
should be very slightly concave laterally, lies over the lower half of the shoulder 
joint. 

The mammary gland covers a somewhat circular area, but its periphery is 
irregular and can be represented best by a wavy line. This line commences at 
the margin of the sternum opposite the sternal angle and runs downwards to 
the sternal end of the sixth costal cartilage. It is continued laterally, with a 
gentle convexity downwards, to the midaxillary line and then upwards into the 
axilla, where the tail of the gland reaches as far as the axillary vessels under 
cover of the pectoralis major muscle. Einally, the line curves medially along 
the second rib and cartilage to the sternum. In the male, the nipple lies over 
the fourth intercostal space (fig. 1291), rather more than 10 cm. from the 
median plane ; in the female, especially when the breast is pendulous, it is found 
at a lower level. 
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SUEFAOE ANATOMY 


The Arm ahd Elbow Region 

Surface landmarks. — ^Wken the arm is grasped firmly, the shaft of the humerus 
can be made out, but the strong muscles that clothe it obscure its outline and 
render it indistinct. At the lower end of the bone the medial epicoudyle 
(fig. 1271) forms a conspicuous landmark and can be examined readily, 
especially when the elbow is flexed passively. The ulnar nerve lies posterior to 
the base of the epicondyle and can be rolled from side to side against the bone. 
The lateral epicondyle, which lies on a more anterior plane when the arm is by 
the side (p. 346), is not so prominent, but its posterior surface can be felt, and 
its lateral margin can be traced up into the lateral supracondylar ridge, when 
deep pressure is exerted. If the extended elbow is viewed from behind, a well- 
marked depression can be seen to the lateral side of the middle line. It is 
boimded laterally by the fleshy elevation formed by the superficial group of the 
extensor muscles of the forearm, and medially by the lateral side of the 
olecranon. The floor of the depression contains, in its upper part, the posterior 
surface of the lateral epicondyle and, in its lower part, the head of the radius. 


Fig. 1271. — ^The back of the right upper limb, showing the surface 
markings for the bones and nerves. 



Although covered with the annular ligament and the anconeus muscle, the head 
of the radius can be felt to rotate when the forearm is alternately pronated 
and supinated. Between the lateral epicondyle and the head of the radius a 
transverse depression can be felt ; it corresponds to the humeroradial part of 
the elbow joint. 

When the elbow is extended, the apex of the olecranon can be felt on, or 
just above, the line joining the two epicondyles, nearer to the medial than to 
the lateral side (fig. 1271). When the elbow is flexed, the apex of the olecranon 
descends, and the three bony points form the angles of an isosceles triangle. 
In this position of the limb the proximal surface of the olecranon can be explored, 
but it is covered with the tendon of insertion of the triceps and can only be made 
out indistinctly. The posterior surface of the olecranon is subcutaneous and 
tapers from above downwards ; it can be felt without diffi culty immediately 
below the apex. 


On the front of the arm, the biceps (fig. 1273) is a conspicuous elevation, 
di min ishing above, where it is covered wdth the pectoralis major tendon, and 
again below where it gives place to its tendon just above the elbow. Shallow 
furrows inchcate its medial and lateral borders. When the elbow is flexed 
against resistance the muscle is thrown into contraction, and its tendon of 
insertion can be grasped between the finger and thumb and followed down into 
the cubital fossa. From the medial border of the tendon the sharp, upper 
margin of the bicipital aponeurosis can be traced downwards and mediallv to the 
^evation caused by the superficial group of the flexor muscles of the forearm. 
The aponeurosis is crossed, almost at right angles, by the median cubital vein, 
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which can usually be seen through the skin running upwards and medially from 
the cephalic vein to join the basilic vein. 

The coracohracTiialis muscle forms an inconspicuous rounded ridge on the 
upper part of the medial side of the arm and in the lower part of the lateral wall 
of the axilla (fig. 1273). It overlaps the upper part of the brachial artery and can 
be identified by its close relationship to the vessel. 

On the posterior aspect of the arm, the lateral head of the triceps forms an 
elevation, medial and parallel to the posterior border of the deltoid muscle ; 
it stands out prominently, when the elbow is extended actively. The fieshy 
mass which lies to its medial side, and disappears above under cover of the 
deltoid muscle, is produced by the hug head of the triceps. 

The pulsation of the brachial artery can be felt in the furrow along the 
medial side of the biceps and, at its upper part, in the depression behind 
the coracobrachialis muscle. In its lower part, it lies close to the medial side 
of the biceps tendon, but on a more posterior plane, and it disappears behind 
the bicipital aponeurosis. It can be marked out by a line drawn from the ter- 
mination of the axillary artery downwards and slightly laterally to a point at the 
level of the neck of the radius in the middle line of the limb. It should be noted 
that, although at its upper end the brachial artery lies medial to the humerus, it 
lies directly in front of the lower end of the shaft of the bone. 

Surface relations of other structures. — ^The musculocutaneous nerve can be 
represented in the arm by a line drawn from the lateral side of the axillary 
artery 3 cm. above its termination ; it passes downwards and laterally across 
the elevations produced by the coracobrachialis and the biceps to the lateral 
side of the biceps tendon of insertion. The median nerve is intimately related 
to the brachial artery throughout its course in the arm. Placed at first on the 
lateral side, the nerve crosses in front of the vessel about half-way down the 
arm and thereafter descends close to its medial side into the cubital fossa 
(fig. 1274) . The ulnar nerve can be represented by a line which follows the medial 
side of the upper part of the brachial artery, but diverges from it half-way down 
the arm and runs downwards and medially to the base of the medial epicondyle. 
The radial nerve (fig. 1271) in the arm corresponds to a line drawn from the 
commencement of the brachial artery and carried downwards and laterally 
across the elevations produced by the long and lateral heads of the triceps 
to the junction of the upper and middle thirds of a line joining the lateral 
epicondyle to the insertion of the deltoid muscle. (This line represents the edge 
of the lateral intermuscular septum of the arm.) The hue of the nerve is then 
continued downwards on the front of the arm to the level of the lateral epi- 
condyle, where it lies 1 cm. or less to the lateral side of the tendon of the biceps. 
The circumflex nerve crosses the humerus about 2 cm. above the mid-point of a 
line joming the tip of the acromion to the insertion of the deltoid muscle 
(fig. 1287). 

The level of the elbow- joint is situated 2 cm. below the line joining the two 
epicondyles (PI. V, fig 1). It is not horizontal but slopes downwards and medi- 
ally from its lateral end and this obliquity produces the " carrying angle ’ 
(p. 467). On the posterior surface of the limb, the level of the joint can be 
determined more easily, as the humeroradial articulation can be felt through 
the skin (p. 1430). 


The Fobeabm and Wbist 

Surface landmarks. — The depression in the middle of the upper part of the 
front of the forearm corresponds to the cubital fossa (fig. 1273). The fleshy eleva- 
tion which forms its medial border is formed by the pronator teres and the 
superficial group of the flexor muscles of the forearm ; it does not extend upwards 
much above the level of the medial epicondyle. The elevation which forms 
the lateral border of the cubital fossa is formed by the brachioradialis and the 
superficial group of the extensor muscles of the forearm ; it extends upwards to 
a much higher level than the medial border of the fossa. The brachioradialis 
is the most superficial of the muscles on the lateral side ; it is thrown into 
contraction when the forearm — ^preferably in the semiprone position — ^is fiexed 
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against resistance, and it then stands out as a prominent ridge, extending 
upwards beyond the level of the elbow- joint on the lateral side of the arm. 

The line separating the'flexors from the extensors on the back of the forearm 
is indicated by a longitudinal furrow, which is seen best when the elbow is fully 
flexed. This furrow corresponds to the posterior border of the ulna (fig. 1272), 
which is subcutaneous throughout its whole extent, from the subcutaneous 
surface of the olecranon above to the styloid process of the ulna below. The 
large fleshy mass on the medial side of the furrow is produced by the flexor 
digitorum profundus^ covered with the aponeurosis which binds the flexor carpi 
ulnaris to the posterior border of the ulna. The fleshy mass on the lateral side 
of the furrow is produced by the extensor carpi ulnaris, extensor digiti minimi, 
extensor digitorum and the radial extensors of the wrist, in that order from the 
medial to the lateral side. The limits of the extensor carpi ulnaris can be 
determined during adduction of the hand, and those of the extensor digiti 
minimi, during extension of the little finger. 

In the lower part of the forearm the fleshy bellies of the muscles merge into 
their tendons and the breadth of the forearm becomes diminished correspond- 
ingly (fig. 1272). An oblique elevation is visible on the lateral part of the dorsal 
aspect at the junction of the lower fourth with the rest of the forearm. It 


Fig-. 1272 . — The back of the right upper limb. 



becomes more conspicuous when the thumb is extended, as it is produced by 
the extensor pollicis brevis and the abductor pollicis longus, which come to 
the surface in the interval between the extensor carpi radialis brevis and the 
extensor digitorum, where the fleshy bellies of these muscles merge into their 
tendons. Although the bodies of the radius and ulna — apart from the posterior 
border of the latter — can only be felt indistinctly, their lower ends form land- 
marks which are both visible and palpable. The expanded lower end of the 
radius forms a slight surface elevation on the lateral side of the wrist, about 
1 cm. above the base of the thenar eminence. Its lateral aspect is obscured by 
the tendons of the abductor pollicis longus and the extensor pollicis brevis, but, 
unless the thumb is actively extended, it can be traced downwards into the 
styloid process. The salient ridge which marks the anterior limit of the lateral 
aspect of the lower end of the radius is easily felt ; it gives attachment to the 
lateral end of the extensor retinaculum (dorsal carpal ligament). To its medial 
side, the radial pulse indicates the position of the radial artery at this level. 
The anterior border of the lower end of the radius projects forwards, and, despite 
the overlying tendons, can be felt as a transverse ridge, which lies nearly 2 cm. 
above the base of the thenar eminence. The posterior aspect of the lower end of 
the radius is also partly obscured by tendons, but can be palpated without 
difficulty. It presents a more or less well-marked tubercle, which is grooved 
obhquely by the extensor pollicis longus tendon and separates the groove for 
the extensor carpi radiahs brevis from the groove for the extensor digitorum and 
the extensor indicis. This tubercle lies in line with the cleft between the index 
and the middle fingers. 

The rounded head of the ulna (fig. 1272) forms a surface elevation on the 
medial part of the posterior aspect of the wnst, when the hand is pronated ; 
and can be gripped between the finger and thumb, when the supinated hand 
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is flexed passively. The styloid process of the uhm projects downwards from the 
posteromedial aspect of the head of the bone. It lies at a higher level, and on 
a more posterior plane, than the styloid process of the radius. The relative posi- 
tions of these two bony points can be determined satisfactorily, if the wrist is 
grasped firmly between the finger and thumb and pressure is exercised in an 
upward direction. 

When the wrist is flexed against resistance, two tendons stand out pro- 
minently on its anterior aspect ; the more lateral is the flexor carpi radialis and 
the more medial is the palmaris longus (fig. 1273), which lies approximately in 
the middle line of the limb. On the ulnar side the tendon of the flexor carpi 
ulnaris can be identified, and between it and the palmaris longus the flexor 
tendons for the little and ring fingers can be felt indistinctly. 

When the thumb is extended, an intertendinous depression, known as the 
‘ anatomical snufi-box,’ is seen on the lateral aspect of the wrist just below the 
prominence caused by the lower end of the radius. It is bounded in front by 
the tendons of the abductor pollicis lougus and the extensor pollicis brevis, which 
lie close to each other, and behind by the tendon of the extensor pollicis longus, 


Fig. 1273. — The front of the right upper limb. 



which stands out conspicuously. The tendons of the radial extensors of the wrist 
can be identified on the back of the carpus most easily when the fist is alter- 
nately clenched and relaxed ; the extensor carpi radialis longus tendon is partly 
obscured by the extensor pollicis longus, but the tendon of the extensor 
carpi radialis brevis, which is situated more medially, can be felt without 
difficulty. 

The bones of the carpus are, for the most part, obscured by the flexor tendons, 
the flexor retinaculum (transverse carpal ligament), and the muscles of the 
thenar and hypothenar eminences. Certain of them, however, can be palpated 
and identified. The pisiform bone forms an elevation which can be seen and felt 
on the palmar aspect of the wrist at the medial part of the base of the hypo- 
thenar eminence ; it can be moved over the articular surface of the triquetral 
bone, when the wrist is kept passively flexed. The hook of the hamate hone can be 
identified, although it is not so prominent ; it lies 2*5 cm. below the pisiform 
bone and is in line with the ulnar border of the ring fihger. On deep pressure in 
this situation, the superficial division of the ulnar nerve can be rolled from side 
to side over the tip of the hook. The tubercle of the scaphoid bone is situated at 
the base of the thenar eminence and is crossed by the tendon of the flexor carpi 
radialis, by which it is partly hidden. In many subjects it forms a small eleva- 
tion on the surface. Immediately beyond it, but covered with the muscles of 
the thenar eminence, the crest of the trapezium may be recognised, when deep 
pressure is exercised. 

On the medial side and front of the forearm the skin is thin and smooth, 
and contains few hairs but many sweat glands ; on the lateral side and 
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back of the forearm it is thicker, and contains more hairs but fewer sweat 

relations of other structures.— The ulmr nerve in the foreaim corre- 
sponds to a line drawn from the base of the medial epicondyle of the humeras 
to the lateral edge of the pisiform bone ; in the lower part of the fo^arm this 
line lies along the lateral side of the flexor carpi ulnaris tendon The nlmr 
artent commences in the middle line of the limb, opposite the neck of the radius, 
and can be represented in the upper, and deepest, part of its course by a hne 
which passes downwards and medially, across the elevation produced by 
the superficial flexor muscles of the forearm, to reach the lateral side of the 
nlnflT nerve at the junction of the upper third with the lower two-thirds of 
the forearm. In the rest of its course in the forearm the ulnar artery lies 

along the lateral side of the ulnar nerve. t , . ■« ^ xi. 4 . • x- 

The Tn> 6 dici 7 i 716 TV 6 enters the forearm on the medial side 01 the terniination 
of the brachial artery (fig. 1274) and runs vertically downwards, approximately 
in the middle line of the limb. At the wrist it projects lateraUy from under 


Fig. 1274. The front of the right upper limb, showing the surface 

markings for the bones, arteries, and nerves. 



cover of the palmaris longus tendon. When that tendon is absent, the position 
of the nerve can be mapped out 1 cm. to the medial side of the flexor carpi 
radialis tendon. The radial artery commences opposite the neck of the radius 
on the medial side of the tendon of the biceps and runs downwards and laterally 
through the forearm to the wrist, where its pulsation can be felt in the interval 
between the flexor carpi radialis tendon medially, and the salient lower part 
of the anterior border of the radius laterally. It continues downwards across the 
anterior margin of the expanded lower end of the radius and then passes back- 
wards, deep to the abductor polhcis longus and extensor pollicis brevis tendons, 
to gain the ^ anatomical snufl-box,’ where again its pulsation can be felt. The 
upper part of the line which represents the radial artery runs downwards across 
the medial part of the elevation produced by the brachioradialis and the super- 
ficial group of extensor muscles on the Jhont of the forearm. 

The radial nerve (fig. 1274) gives off its posterior interosseous branch at the 
level of the lateral epicondyle, 1 cm. to the lateral side of the tendon of the biceps 
and then runs vertically downwards. In the middle third of the forearm it lies 
along the lateral side of the radial artery, but in the lower third it inclines back- 
wards to reach the ‘ anatomical snuff-box.’ The posterior interosseous nerve can 
be represented by a line which passes downwards and backwards (across the 
elevation formed by the brachioradialis and the superficial group of the extensor 
muscles of the forearm), to reach the junction of the upper and middle thirds of a 
line joining the middle of the posterior aspect of the head of the radius to the 
dorsal tubercle on the lower end of the same bone. The lower two-thirds of this 
line roughly correspond to the rest of the course of the nerve. 
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The flexor retinaculum (transverse carpal ligament) can be outlined in the 
proximal part of the hand. Its lower border, concave downwards, can be indi- 
cated on the surface by a curved line joining the hook of the hamate bone to the 
crest of the trapezium ; its upper border by a curved line, concave upwards, 


Fig. 1275. — The s3niovial sheaths of the tendons on the back of the wrist. 
(From a preparation by J. C. B. Grant. ) 



joining the pisiform bone to the tubercle of the scaphoid. The extensor retin- 
aculum (dorsal carpal ligament) forms an oblique band, about 2 cm. broad, across 
the lateral and posterior aspects of the wrist. At its lateral extremity it is 
attached to the salient, lower end of the anterior border of the radius, above the 
styloid process and in front of the abductor pollicis longus tendon ; at its medial 
extremity, it reaches the medial side of the carpus and the tip of the styloid 
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process of the ulna. The obliquity of the ligament, which is much higher on 
the lateral than it is on the medial side, is a very charactpstic feature. The 
tendons which pierce or pass deep to the extensor retinaculum and their 

synovial sheaths are shown in fig. 1275. j • ■ . 

The line of the wrist joint corresponds to a Ime, convex upwards, joming 
the styloid process of the radius to that of the ulna (PL VI, fig. 2). 

The Hand 

Surface landmarks.— The skin of the palm of the hand is marked by a 
number of creases, which, however, are of little value as points of reference. 
The thenar eminence, or hall of the thumb, is a fleshy elevation, produced by the 

abductor and the flexor 
Fig. 1276 .— -The palm of the left hand, showing the poUicis brevis. The hy^o- 
positions of the skin creases and the bones, and eminence on the medial 

the surface markings for the palmar arches. 

by the corresponding mus- 
cles of the little finger, but 
is not so prominent. Trans- 
verse skin creases cross the 
palmar aspects of the fingers 
in three situations ; the most 
proximal crease is placed 
at the junction of the digit 
with the palm and lies nearly 
2 cm. distal to the metacarpo- 
phalangeal joint ; the inter- 
mediate crease lies opposite 
the proximal interphalangeal. 
joint ; and the distal crease 
is placed just proximal to the 
distal interphalangeal joint. 

The medial border of the 
hand is formed by the medial 
aspect of the hypothenar 
eminence, but the lateral 
border is formed by the dor- 
sal aspect of the metacarpal 
hone of the thumb, which can 
be palpated throughout its 
whole extent (p. 363). 

The lateral part of the 
dorsal aspect of the hand 
shows a fleshy elevation, 
which becomes more conspic- 
uous when the thumb is 
adducted. It is caused by 
the first dorsal interosseous 
muscle and becomes firmly contracted when attempts are made to abduct the 
index finger actively against resistance. 

The heads of the metacarpal bones form the prominence of the knuckles, that 
of the middle finger being the most prominent. Their convex, palmar aspects 
can be felt on deep pressure over the fronts of the metacarpophalangeal joints 
and can be gripped between finger and thumb. On deep pressure over the distal 
aspect of the head of a metacarpal bone, the base of the corresponding proximal 
phalanx can be felt, and the line of the metacarpophalangeal joint can be deter- 
mined on the back of the hand ; its position must be noted both when the 
fingers are flexed and when they are extended. The dorsal aspects of the shafts 
of the metacarpal bones of the fingers can be felt indistinctly ; only the distal 
portions of the third and fourth can be identified, becausf=^ tl\eir proximal 
portions are obscured by the extensor tendons. 

The interphalangeal joints can be felt on the dorsal aspect of the flexed finger. 
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just distal to the prom in ences caused, by the heads of the proximal and middle 
phalanges. 

The skin of the palm of the hand is tough and thick, and is covered with a 
thick layer of epidermis, but these characteristics are less marked on the thenar 


Fig. 1277. — The synovial sheaths of the tendon on the front of the wrist and 
digits. (From a preparation by J. C. B. Grant.) 
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eminence. It is exceedingly sensitive and very vascular, but is devoid of hairs 
and sebaceous glands. Along the lines of the flexion creases of the digits, the 
skin is bound down by fibrous bands. The proximal segments of the fingers are 
joined to one another on the palmar aspect by folds of skin which constitute the 
‘ web ’ of the mngers ; these folds are placed opposite the centres of the proximal 
phalanges and their free margins are in line with the flexion creases at the roots 
of the fingers. Since the web is restricted to the palmar aspect, the fingers 
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appear shorter when viewed from in front than they do when viewed from he- 
hM. Over the fingers and thumb the skin is thinner, especially opposite the 
flexures of the joints, and over the distal phalanges ; it is disposed in numerous 
lines in consequence of the arrangement of the papillae^ which it contains. 
These lines form distinctive and permanent patterns, which can be used for 
purposes of identification. On the back of the hand and fingers, the skin is 
freely movable on the underlying parts. 

■ Surface relations of other structures —The superficial palmar arch is con- 
tinuous with the ulnar artery opposite the lateral side of the pisiform bone. Its 
course can be marked out by a line drawn downwards in front of, or medial to, 
the hook of the hamate bone and then curved laterally, with a downward con- 
vexity, across the palm to the thenar eminence. The lowest part of its curve 
just reaches the level of the palmar surface of the extended thumb. The curva- 
ture of the vessel is subject to considerable variation, and it frequently forms 
the arc of a larger circle than it does in fig. 1276. The deep palmar arcA- can be 
represented by a horizontal line, 4 cm. long, drawn from a point just distal to 
the hook of the hamate bone ; it lies 1*2 cm. proximal to the superficial arch. 

The common synovial sheath of the flexor tendons of the digits extends upwards 
into the forearm for 2*5 cm. above the flexor retinaculum (transverse carpal 
ligament) (fig. 1277). In this situation its medial border corresponds roughly to 
the lateral edge of the flexor carpi ulnaris tendon, and its lateral border to the 
medial edge of the flexor carpi radialis tendon. It becomes narrower as it passes 
behind the flexor retinaculum but it wddens again in the palm. Its medial por- 
tion is continued distally along the lateral margin of the hypothenar eminence 
on the tendons for the little finger, but, with this exception, the common 
synovial sheath does not extend beyond the level of the palmar surface of the 
extended thumb. The digital synovial sheaths of the index, middle and ring 
fingers extend, in each case, from the base of the distal phalanx to the head of 
the corresponding metacarpal bone. 


THE HEAD AND NECK 
The Cranium 

Surface landmarks (fig, 1278). — ^The external occipital protuberance is sub- 
cutaneous and can be felt at the upper end of the median nuchal furrow, 
which is plainly visible at the back of the neck ; it can be recognised without 
difficulty when it is approached from below. The inion is a point situated on 
the protuberance in the median plane. Above the protuberance the skull 
presents a backward convexity and the point of greatest curvature is named 
the maximum occipital point. Above and in front of the maximum occipital 
point an irregular depression, which corresponds to the lambda (p. 328), can be 
felt in the median plane. 

The area between the two eyebrows overlies a slight elevation on the frontal 
bone which is termed the glabella. Below this elevation a well-marked depress- 
ion can be seen and felt at the root of the nose ; it overlies the frontonasal 
suture and is termed the nasion (fig. 1278). Traced laterally, the glabella be- 
comes continuous with the superciliary arch, which is a rounded, bony ridge 
placed a short distance above, and parallel with, the supra-orbital margin. The 
frontal eminence lies above and lateral to the superciliary arch and, although its 
size is subject to considerable variation, it can be felt without much difficulty. 
The supra-orbital margin can be recognised along the line of the eyebrow. 
Rounded in its medial third, it. becomes sharper in its lateral part and the 
junction between the two portions is marked by the supra-orbital notch, which 
can be felt, when present, 2*5 cm. from the median plane. The lateral margin of 
the orbital opening is a sharp edge, which can easily be felt and is formed by 
the frontal process of the zygomatic bone. The lateral surface of this process 
can be felt through the skin, and the frontozygomatic suture (fig. 1278) can be 
recogmsed as a slight, irregular depression at its upper end. The posterior 
border of the zygomatic process of the frontal bone, although partially obscured 
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by tbe attachment of the temporal fascia, can be traced upwards from the 
fronto-zygomatic suture into the temporal line, which curves upwards and back- 
wards to become continuous with the superior of the two temporal lines on 
the parietal bone. Above and behind the auricle this line turns downwards and 
forwards to become continuous with the supramastoid crest. The parietal 
eminence lies above the posterior part of the superior temporal line and can 
be recognised most satisfactorily when the hand is placed fiat on the side of 
the head. The line joining the two parietal eminences is the greatest transverse 
diameter of the head. 

The mastoid process is hidden by the lobule and the lower part of the concha 
of the auricle. Its anterior border and lateral aspect can be palpated but its 
tip and posterior border are obscured by the attachment of the sternomastoid 

Fig. 1278. — A side view of the head, showing the surface relations of the bones. 
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and splenius capitis muscles. At its base, about 3 cm. to 4 cm. above its tip, 
the supramastoid crest can be felt and traced upwards and backwards into the 
superior temporal hne. 

Immediately in front of the upper part of the tragus the superficial temporal 
artery crosses the posterior root of the zygoma at th.e pre-auricular point, and its 
pulsation can be felt in this situation. Just in front of the pre-auricular point 
the two roots of the zygonm unite and the arch can be traced forwards to the 
prominence of the cheek bone ; its upper border is obscured by the temporal 
fascia, and its lower border, by the masseter muscle. The posterior root of the 
zygoma is continuous with the supramastoid crest, but the continuity is hidden 
by the auricle. The upper border of the zygomatic arch can be traced for- 
wards tiU it meets the frontal process of the zygomatic bone at thje jugal point 
(p. 329). 

If the hand is placed flat on the side of the head, the contraction of the 
temporal muscle can be appreciated when the teeth are clenched. Owing to 
the dense, unyielding character of the temporal fascia, the muscular elevation 
is limited to the region immediately within ,the superior temporal line. 

Although the pterion (p. 251) does not form a visible or a palpable land- 
mark, it is convenient at this stage to indicate that its centre corresponds to a 
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point, approximately 3*5 cm. or less behind, and 1*5 cm. above, the fronto- 
zygomatic suture (fig. 1278). 

The skin of the scalp is intimately connected to^ the underlying epicranial 
aponeurosis by numerous fibres, an arrangement which makes it impossible to 
pick up a fold of the skin in this situation between the fingers and thumb. It 
can however be moved about with the epicranial aponeurosis on the skull, as the 
subaponeurotic layer of the scalp is loose in texture. 

Surface relations of the Brain. — The superomedial margin of the cerebral hemi- 
sphere corresponds to a paramedian line drawn from a point a little above and 
a little lateral to the inion forwards to a point just above and lateral to the 
nasion. The superciliary margin of the hemisphere can be represented by a 
line which arches upwards and laterally a little above the eyebrow, commencing 
at the anterior end of the superome^al margin and reaching the zygomatic 
process of the frontal bone ; from the latter point the line of the margin ascends 
to the pterion. The temporal pole lies opposite to a line drawn, with a forward 
convexity, from the pterion to the middle of the upper border of the zygomatic 
arch. The inferolateral margin of the cerebral hemisphere corresponds to a line 
drawn backwards from the lower limit of the temporal pole just above the upper 
border of the zygomatic arch to cross the auricle a little above the external 
auditory meatus (fig. 1279). It then descends slightly to reach the posterior 
end of the superomedial margin. 

The central sulcus can be represented by a line which commences on the 
superomedial margin of the hemisphere, 1*2 cm. behind its mid-point (or 1*2 cm. 
behind the mid-point of the line which joins the nasion to the inion in the 
median plane). From there it runs, with a somewhat sinuous course, down- 
wards, forwards and laterally, making an angle of 70° with the median plane, 
and terminates 5 cm. vertically above the pre-auricular point. The motor area 
of the cortex occupies a strip, 1 cm. broad, in front of the central sulcus, and 
the somaesthetio area, a similar strip behind it. 

The lateral sulcus ends opposite to the pterion by dividing into its three 
rami. Its posterior ramus (fig. 1279) can be represented by a line drawn back- 
wards with an upward inolination from the pterion ; it passes just below the 
lower end of the central sulcus and, about 7 cm. from the pterion, turns upwards 
to end under the parietal eminence. The superior temporal sulcus lies about 
1 cm. below the posterior ramus of the lateral sulcus and exhibits a similar 
curve. The higher auditory centre lies in the area between these two sulci. 
Immediately behind the lower end of the central sulcus. The anterior and middle 
parts of the inf erior parietal lobule (supramarginal and angular gyri) lie under 
the parietal eminence and surround the upturned ends of the posterior ramus of 
the lateral sulcus and the superior temporal sulcus respectively. The higher 
visual centre is situated partly on the lateral surface of the hemisphere, immedi- 
ately in front of the occipital pole, but the larger part of the area lies on the 
medial surface. 

The inferior cornu of the lateral ventricle lies immediately below the line which 
represents the superior temporal sulcus. A needle, introduced at a trephine 
hole the centre of which is 3 cm. behind and 3 cm. above the middle of the 
external auditory meatus, and passed in the direction of the tip of the opposite 
auncle, enters the inferior cornu at a distance of 5 cm. from the surface. In 
X-ray photographs of the skuU, when air has been injected into the ventricles, 
the uppermost part of the helix rises just above the fioor of the inferior cornu, 
the anterior end of which lies about 2 cm. vertically above the pre-auricular 
point. The cerebellum occupies the area immediately below the line of the 
transverse sinus {vide infra). 

Surface relations of other structures. — ^The superior sagittal sinus commences 
at the glabeUa and can be represented by a line drawn upwards and backwards 
in the median plane and continued downwards, posteriorly, to the inion. 
Narrow in front, the line widens as it passes backwards until, near its termina- 
tion, it may be 1*2 cm. broad. The transverse sinus (fig. 1279) commences at 
the inion and runs laterally, with a slight upward convexity, along the 
infero-lateral margin of the cerebral hemisphere. Opposite the base of the 
mastoid process it becomes the sigmoid sinus, which passes downwards 
close to the posterior border of the process to a point 1*2 cm. from its tip. 
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The lines which represent the edges of these sinuses should be at least 1*2 cm. 
apart. 

The middle meningeal artery (fig. 1279) enters the skull opposite a point a 
little in front of the pre-auricular point and can be represented by a line drawn 
forwards and slightly upwards to a second point, 2 cm. above the middle of 
the zygomatic arch. There the artery divides and its anterior division runs 
upwards and slightly forwards to the pterion and then upwards and back- 
wards (fig. 1279) in the direction of the mid-point between the inion and 
the nasion. The posterior division runs backwards and upwards towards the 
lambda. 

The trigeminal (semilunar) ganglionll<b^ at a distance of 4*5 cm. to 5 cm. from 
the lateral aspect of the head, a little in firont of the pre-auricular point. The 


Fig. 1279. — The relations of the brain and the middle meningeal artery to the 

surface of the skull. 



cavernous sinus lies close to the medial side of the ganglion but extends beyond it 
both in an upward and in a forward direction. 

The hypophyseal fossa is traversed by a straight line joining the nasion to 
the inion at a depth of 6 cm. to 7 cm. from the nasion (PI. I, fig. 1). 


The Face 

Surface landmarks. — ^The bridge of the nose is formed by the articulation 
between the two nasal bones ; it ends above at the nasion, which is often 
termed the root of the nose. The margins of the bony anterior nasal aperture 
can be felt through the akin above the bulging ala nasi. Sharp and distinct 
laterally, the margin is rounded inferiorly, but, in the median plane, the 
anterior nasal spine can be recognised on upward pressure over the posterior 
portion of the free part of the nasal septum. 

G.A. 2z 
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The prominence of the cheek, which lies below and lateral to the eye, is 
formed by the zygomatic bone (fig. 1280). The lateral surface of the bone can 
readily be felt through the skin ; it can be traced upwards into the frontal pro- 
cess, backwards into the zygomatic arch and forwards into the zygomatic pro- 
cess of the maxilla. The postero-inferior border of the bone is obscured by the 
masseter muscle when the teeth are clenched, but it can be determined when the 
muscle is relaxed and can be traced into continuity with the lower border of the 
zygomatic process of the maxilla, which can be felt without difficulty above the 
crown of the first upper molar tooth. The infra-orbital margin can be examined 
both in its lateral, zygomatic, and in its medial, maxillary portion. Below the 
orbit, the anterior surface and the alveolar process of the maxilla can be 
recognised. 

Ahnost the whole of the outer surface of the mandible can be felt through 
the skin, although the coronoid process is hidden by the zygomatic bone and 
most of the ramus is covered with the masseter muscle. The angle can be 
identified below and in front of the lobule of the auricle and can be traced up- 
wards into the posterior border of the 
Fig. 1280 . — An outline of the side of the face, ramus and forwards into the lower 

showing the chief surface markings. border of the body of the bone. The 

outer aspect of the body can be palp- 
ated throughout the whole of its 
extent and the projection of the 
mental protuberance is easily identi- 
fied. The condyloid process lies im- 
mediately in front of the lower part 
of the tragus (fig. 1280) ; it is partly 
obscured by the parotid gland and 
the temporomandibular ligament, but 
it can be felt to pass forwards and 
downwards when the mouth is opened. 
The masseter muscle covers most of 
the ramus : its posterior border corre- 
sponds to a line drawn from the lower 
border of the zygomatic arch, just in 
front of the condyle, to the angle of 
the mandible ; its anterior border, to a 
line drawn downwards and backwards 
from the postero-inferior border of the 
zygomatic bone, vertically below the 
lateral margin of the orbit, to a point 
on the lower border of the mandible, 
2-5 cm. in front of the angle. The 
outline of the muscle can be deter- 
mined when the teeth are clenched, 
and the ^parotid duct can be rolled 
across its anterior border a little below 
the zygomatic bone. The coronoid 
process of the mandible is not easy to examine, although the lower part of its 
anterior border can readily be felt through the inside of the mouth. If a finger 
tip is placed in the angle between the masseter muscle and the zygomatic bone 
the anterior border of the coronoid process can be felt indistinctly when the 
mouth is opened. 

The oral fissure lies opposite the cutting edges of the upper incisor teeth, 
and the angle of the mouth lies just in front of the first premolar tooth. 

The pulsation of the facial artery can be felt immediately in front of the 
lower end of the anterior border of the masseter muscle (fig. 1280), and again 
opposite the angle of the mouth. In the latter situation the cheek must be 
gripped lightly between a finger placed inside the mouth and the thumb placed 
on the skin surface ; the artery will be identified 1*2 cm. or more from the angle 
of the mouth. When the lateral part of the lip is gripped in a similar manner, 
the pulsation of the corresponding labial artery can be felt from the mucous 
surface at a distance of 0*5 cm. from its free margin. 
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The skin of the face is thin and freely movable, except over the alse and 
apex of the nose, where it is thicker and firmly adherent to the deeper tissues. 

The surface anatomy of the mouth (pp. 1262 and 1284), the eye (p. 1184) 
and the ear (pp. 1190 and 1196) have already been described. 

Surface relations of other structures.— The parotid gland (fig. 1280) occupies 
the depression behind the ramus of the mandible and extends forwards on to 
the masseter muscle. Its anterior border can be represented by a line drawn 
downwards and forwards from the upper border of the mandibular condyle to 
a point a little above the centre of the masseter muscle, and then downwards 
and backwards to a point a little behind and a little below the angle of the 
mandible. Its upper border lies below the external auditory meatus and is 
concave upwards and backwards ; it corresponds to a curved line drawn down- 
wards and backwards from the upper border of the condyle, across the lobule 
of the auricle, to the mastoid process. Its posterior border follows a straight 
line joining the ends of its upper and 
anterior borders. The parotid duct 
(p. 1442) may be represented by 
rather less than the middle third of 
a line drawn from the lower border 
of the concha to midway between 
the ala of the nose and the red 
margin of the upper lip ; its terminal 
part runs almost horizontally medi- 
ally and opens into the vestibule of 
the mouth on a small papilla oppo- 
site to the second upper molar tooth. 

The facial nerve enters the parotid 
gland as soon as it emerges from the 
stylomastoid foramen, which lies 
about 2 cm. deep to the middle of 
the anterior border of the mastoid 
process . In the gland it runs laterally 
and forwards and in this part of its 
course it can be indicated by a short 
horizontal line drawn on the upper 
part of the lobule of the auricle (fig. 

1284). Its zygomatic and buccal 
branches pass forwards across the 
neck of the mandible. 

The facial artery (fig. 1280) enters 
the face at the lower part of the ant- 
erior border of the masseter muscle 
(p. 1442). It corresponds to a line 
(frawn from this point upwards and 
forwards to a point 1*2 cm. lateral to 
the angle of the mouth, and thence 
upwards to the medial angle of the 
eye, curving forwards almost to the ala of the nose. The anterior facial vein 
can be represented by a line drawn downwards and backwards from the medial 
angle of the eye to the lower part of the anterior border of the masseter muscle, 
just behind the facial artery. 

The mandibular notch can be represented by a line, concave upwards, which 
commences at the front of the condyloid process and curves forwards to the 
anterior part of the zygomatic arch (fig. 1280). It is about 1*2 cm. deep and is 
concealed by the masseter muscle. The mandibula/r nerve, as it descends from 
the foramen ovale, lies opposite the posterior part of the mandibular notch at a 
distance of 4 cm. from the surface. The auriculotemporal nerve corresponds to a 
line drawn backwards from the mandibular nerve across the neck of the mandible 
and then upwards across the pre-auricular point behind the superficial temporal 
artery. The inferior dental nerve corresponds to a line drawn from the mandi- 
bular nerve to the centre of the masseter muscle. Its terminal, mental, branch 
emerges from the mental foramen, which lies midway between the upper and 


Fig. 1281. — ^An outline of the bones of the 
face, showing the positions of the frontal 
and maxillary sinuses. 
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lower borders of the mandible, in the adult, and vertically below the interval 
between the premolar teeth. The lingmil nerve (fig. 1280) lies deep to the 
mandible in its whole course, and can be represented by a Ime drawn downwards 
and forwards from the mandibular nerve to a point a little below and behind 
the last molar tooth. With a finger placed inside the mouth the nerve can 
be pressed against the bone in this situation. Thence the line is continued 
forwards, with an upward concavity, along the body of the mandible. 

Where the maxillary nerve crosses the pterygopalatine fossa, it lies about 
5 cm. deep to the surface, opposite to, or just behind, the jugal point (p. 1439). 
Continuing forwards, it emerges, as the infra-orbital nerve, from the infra- 
orbital foramen, which lies vertically below the supra-orbital notch and 1 cm. 
below the lower margin of the opening of the orbit. 

The cutaneous distribution of the divisions of the trigeminal nerve on the 
face and scalp is shown in fig. 949. 

The pTiaryngotympanic tube (auditory tube), which lies deep to the mandib- 
ular nerve, is situated opposite to the posterior part of the mandibular notch, 
at a distance of 4*5 cm. from the surface. 

The tonsil lies behind the third molar tooth and can be represented as an oval 
area over the lower part of the masseter muscle, i.e. just above and in front of 
the angle of the mandible (fig. 1284). 

The frontal sinus (p. 1162) can be represented on the surface as a triangular 
area above and lateral to the root of the nose (fig. 1281). The angles of the tri- 
angle are formed by (1) the nasion, (2) a point 2‘5 cm. above the nasion and 
(3) the junction of the medial third with the rest of the supraorbital margin. 
The maxillary sinus (p. 1163) extends upwards to the fioor of the orbit, and the 
infra-orbital margin may be taken to represent its roof. Its inferior limit 
corresponds to a fine drawn across the alveolus of the maxilla, opposite the 
second premolar and the molar teeth, on a level with the lower border of the ala 
of the nose (fig. 1281). 


The Neck 

Surface landmarks. — The sternomastoid muscle {hgs, 1282, 1283) forms a 
prominent, visible landmark, which intervenes between the regions of the 
anterior and posterior triangles of the neck. When the head is rotated to 
one side and tilted forwards, the muscle of the opposite side is rendered tense. 
Below, the sternal head stands out as a clean-cut cord crossing the sterno- 
clavicular joint, but the clavicular head, which extends for one-third of the way 
along the clavicle, is not so prominent. The anterior border, which is thick and 
rounded, extends upwards from the sternal head to the anterior border of the 
mastoid process ; the posterior border, which is difi&cult to feel, ascends from 
the junction of the medial and middle thirds of the clavicle to the mid-point 
between the mastoid process and the inion. Inferiorly the sternal heads are 
separated by the suprasternal notch, a surface depression limited below by the 
upper border of the manubrium stemi and, on each side, by the prominent 
sternal end of the clavicle. 

In the median plane the laryngeal prominence (fig. 1284), or Adam’s apple, 
can be felt easily, and can be seen in men although it may not always be 
visible in women. The anterior portions of the upper borders of the two 
thyroid laminae can be palpated and the thyroid notch can be identified. 
Above the thyroid cartilage the skin is drawn backwards below the chin to 
the hyoid bone, the body of which can be felt above and behind the laryngeal 
prominence. When the throat is gripped between the finger and thumb, just 
above the thyroid cartilage, and the opposing digits are moved upwards and 
downwards, the greater cornu of the hyoid bone can be recognised and traced 
backwards to its tip. Below the thyroid cartilage in the median plane the 
arch of the cricoid cartilage can be felt ; it is on a level with the lower part of 
the cricoid lamina, which lies opposite the body of the sixth cervical vertebra. 
The depression between the arch of the cricoid and the thyroid prominence 
corresponds to the cricothyroid ligament. Below the arch of the cricoid the 
upper rings of the trachea can be made out, but they are partly obscured by the 
isthmus of the thyroid gland. 
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When the finger tips are placed on the anterior border of the sternomastoid 
muscle below the level of the laryngeal prominence, the pulsation of the common 
carotid artery can be appreciated, especially if pressure is exerted backwards and 
laterally. Above the level of the laryngeal prominence and below the angle 
of the mandible no difiS.culty is experienced in feeling the pulsation of the 
external carotid artery, which tends to emerge from under cover of the muscle 
in this part of its course. 

Approximately midway between the tip of the mastoid process and the 
angle of the mandible, the tip of the transverse ^process of the atlas offers resistance 
to deep pressure through the parotid gland. The tips of the other cervical trans- • 
verse processes are nearer to the median plane ; with the exception of the 
sixth, they cannot be palpated. The carotid tubercle on the transverse process 
of the sixth cervical vertebra lies at the level of the arch of the cricoid cartilage. 


Fig. 1282 . — front view of the neck. 
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about 3 cm. from the median’iplane. It lies behind the common carotid artery 
and the sternomastoid musclej but it can often be recognised. 

Behind the sternomastoid muscle the position of the 'posterior triangle 
of the neck may be indicated by a shaUow depression (fig. 1284) which extends 
from the back of the head to the middle third of the clavicle and is always deepest 
in its lower part [greater supraclavicular fossa]. The anterior border of the 
trapezius, which forms its posterior boundary, can be seen in muscular subjects, 
especially when resistance is opposed to elevation of the shoulder. In the lower 
part of the triangle, the inferior belly of the omohyoid muscle can often be seen 
in thin subjects ; it forms an obhque ridge, running medially, forwards and 
upwards, which appears and disappears, as the muscle contracts and relaxes 
during speech. 

When the arm is by the side the trunks of the brachial plexus can be felt as 
a bunch of tense cords in the angle between the clavicle and the sternomastoid 
muscle. The subclavian artery is the only other important structure which can 
be identified in the posterior triangle of the neck. The pulsation of its terminal 
part can be recognised when pressure is exerted downwards behind the middle 
of the clavicle, and, in this situation, the artery can be compressed against the 
upper surface of the first rib. 
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At the back of the neck the nuchal furrow (p. 1438) overlies the tips of the 
spines of the cervical vertebrae. At its lower end the spine of the seventh cervical 
vertehrcL can be seen and can be identified jfrom the fact that it is the highest, and 
sometimes the only, visible projection in this region. The spines of the other 
cervical vertebrae can be felt indistinctly and that of the axis lies about 5 cm. 
below the inion (p. 1438). The muscular elevation on each side of the nuchai 
furrow is produced by the semispinalis capitis, covered with the splenius capitis 
(in part) and the trapezius. 

The skin of the front and side of the neck is thin and easily moved 
about over the underlying structures. At the back of the neck it is thicker 
and less movable, being bound down by numerous fibres to the deeper tissues, 

Surface relations of other structures. — ^The common carotid artery (fig. 1284) 
can be represented by a broad line drawn upwards and backwards from the 


Fig. 1283 . — An anterolateral view of the head and neck. 



sternoclavicular joint, along the anterior border of the sternomastoid as far as 
the level of the upper border of the thyroid cartilage. From this point the 
external carotid artery ascends to a point midway between the tip of the mastoid 
process and the angle of the mandible. It should be represented by a broad line, 
which is gently convex forwards in its lower half and as gently concave forwards 
in its upper half. The origin of the lingual artery lies opposite the tip of the 
greater cornu of the hyoid bone, and its initial upward loop is crossed by the 
nerve. The internal carotid artery corresponds to a broad line 
drawn upwards from the termination of the common carotid artery to the 
posterior border of the condyle of the mandible. 

The internal jugular vein (fig. 1285) can be represented by a broad line drawn 
downwards from the lobule of the ear to the medial end of the clavicle ; its 
lower bulb lies behiad the little depression [lesser supraclavicular fossa] 
which marks the interval between the sternal and the clavicular heads of 
the sternomastoid. 

As tlm glossopharyngeal, vagus, accessory and hypoglossal nerves he at the 
base 01 the skull, their position can be indicated opposite the lower and anterior 
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part of the tragus. The glossopharyngeal nerve corresponds to a line, drawn 
downwards and forwards from that point, passing above the angle of the man- 
dible and then continuing forwards for a short distance along the lower border 
of the mandible. The vagus nerve can be represented by a line drawn down- 
wards from the same point, along the medial side of the internal jugular vein, 
to the medial end of the clavicle. The accessory nerve (fig. 1285) corresponds to 
a line which passes downwards from the lower and anterior part of the tragus 
to the tip of the transverse process of the atlas. From the latter the line is 
continued downwards and backwards, across the elevation produced by the 
sternomastoid and the depression corresponding to the posterior triangle of 
the neck, to a point on the anterior border of the trapezius, 6 cm. above 
the clavicle. The hypoglossal nerve follows the same line as the vagus until it 


Fig. 1284. — The surface relations of some of the important structures in 
the face and neck. 
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reaches a point a little above and a httle behind the tip of the greater cornu 
of the hyoid bone. It then bends sharply forwards and curves upwards to 
a point approximately midway between the angle and the symphysis of the 
mandible when the head is tilted backwards. 

The external jugular vein can be marked out by a line drawn downwards 
from a point a little below and behind the angle of the mandible to reach the 
clavicle just lateral to the posterior border of the sternomastoid. Behind the 
clavicle it joins the subclavian vein, which corresponds to a short but broad fine, 
drawn along the clavicle from a little medial to its mid-point to the medial 
edge of the clavicular head of the sternomastoid (fig. 1285). 

The subclavian artery (fig. 1284) can be represented by a broad line, convex 
upwards, drawn from the sternoclavicular joint to the middle of the lower 
border of the clavicle ; the summit of the curve lies 2 cm. above the clavicle. 

The scalenus anterior lies entirely behind the sternomastoid ; its lateral 
border corresponds to a line drawn from a point, at the level of the upper border 
of the thyroid cartilage and 2*5 cm. from the median plane, downwards and 
laterally to the lower border of the clavicle at the junction of its medial and 
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middle thirds ; its medial border, to a line drawn from a point, opposite the 
arch of the oiicoid cartilage, 2*5 cm. from the median plane, downwards and 
laterally to a second point, 1 cm. medial to the lower end of the lateral 

border. . . i. • i 

The suprcLclcivicuUiT 'po/ft of th& brcLchial plexus lies in the triangular area 
bounded by the upper border of the clavicle, the lateral border of the scalenus 
anterior and a line drawn from the arch of the cricoid cartilage to the middle 
of the clavicle. 

The subrrwLndihular salivary gland (fig. 1280) can be represented on the surface 
as an oval area, lying partly above and partly below the posterior half of the 
lower border of the mandible. Its upper limit commences at the angle of 
the mandible and passes forwards with a gentle convexity upwards to reach a 

Fig. 1285. — The side of the neck, showing some of the important surface 
landmarks and surface markings. 
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point midway between the angle and the symphysis ; it rarely extends upwards 
more than 1*5 cm. above the lower border of the bone. Its lower limit can be 
indicated by a line with a downward convexity, which reaches as low as the 
greater cornu of the hyoid bone. 

The thyroid gland has such a characteristic shape that, when the position 
of the isthmus has been determined, there should be no difficulty about the 
outline of the lobes. The upper border of the isthmus corresponds to a 
line, 1*5 cm. long, drawn across the trachea, 1 cm. below the arch of the cricoid 
cartilage ; its lower border, to a similar line, 2 cm. lower down. The broad, 
lower pole of the lobe extends downwards for 1 cm. from the lateral end 
of the lower border of the isthmus and then laterally, with a downward con- 
vexity, for 2 cm. to 2*5 cm. The narrow, upper pole of the lobe lies on 
a level with the laryngeal prominence a little in front of the anterior border of 
the sternomastoid. Lines joining the upper pole to the lateral end of the upper 
border of the isthmus and to the lateral end of the lower pole complete the 
outline of the lobe of the gland (fig. 1285). 

The level of the vocal folds can be indicated on the anterior border of the 
thyroid cartilage a little above its mid-point. 
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The cervical plexus lies behind the internal jugular vein above the level of 
the thyroid cartilage. Its cutaneous branches become superficial along the 
posterior border of the sternomastoid muscle. The anterior cutaneous nerve of 
the neck corresponds to a line drawn across the muscle from the mid-point on its 
posterior border. The great auricular and lesser occipital nerves appear at a* 
slightly higher level ; the former runs upwards towards the lobule of the 
auricle, while the latter ascends along the posterior border of the muscle to 
reach the scalp. The descending cutaneous branches emerge below the anterior 
cutaneous nerve and diverge as they run downwards. The phrenic nerve lies 
behind the sternomastoid and the internal jugular vein ; it corresponds to a line 
drawn from a point, 3*5 cm. from the median plane and on a level with the 
upper border of the th37roid cartilage, downwards to the sternal end of the 
clavicle. 

The sympathetic trunk can be represented by a line drawn from the sterno- 
clavicular joint to the posterior border of the condyle of the mandible. The 
superior cervical ganglion lies on this line, between the tip of the transverse 
process of the atlas vertebra and the greater cornu of the hyoid bone : the 
middle cervical ganglion, opposite, or just below, the arch of the cricoid 
cartilage ; and the inferior cervical ganglion, about 3 cm. above the sterno- 
clavicular joint. 

The cervical pleura (fig. 1291) rises above the clavicle and the sternal end 
of the first rib. It can be represented by a line, convex upwards, drawn from 
the sternoclavicular joint to the junction of the medial and middle thirds of 
the clavicle. The summit of the curve lies about 3-5 cm. above the clavicle. 
The same line represents the outline of the apex of the lung. 


THE BACK 

Surface landmarks. — A. median furrow overlies the tips of the spines of the 
vertebrae ; its upper or nuchal part has already been described (p. 1446). In the 
upper thoracic region the furrow is shallow, and elevations^ produced by the 
tips of the spines of the seventh cervical and first (and sometimes the second) 
thoracic vertebrae can be seen and felt. The identification of the remaining 
thoracic, spines is not easy, even in a thin subject when the trunk is fully flexed, 
owing to the manner in which they overlap one another in the midthoracic 
region. The third thoracic spine lies opposite the root of the scapular spine 
(p. 1428) and the seventh lies opposite the inferior angle of the scapula, pro- 
vided that the arm is at rest by the side. The twelfth thoracic spine lies opposite 
the mid-point of a line drawn from the inferior angle of the scapula to the iliac 
crest.* 

The median furrow is deepest at the small of the back (fig. 1286), but it 
widens out below into a flattened, triangular area, the apex of which lies at 
the commencement of the natal cleft (p. 1469) and corresponds to the third 
sacral spine. The two basal angles of this triangular area are formed by two 
symmetrically placed dimples, which overlie the posterior superior iliac spines, 
and the line joining them passes through the second sacral spine. It should be 
observed that the posterior superior spine lies over the centre of the sacro-iliac 
joint. 

On each side the median furrow is bounded by a broad elevation produced 
by the sacrospinalis muscle (fig. 1286). The lateral border of this elevation 
crosses the ribs at their angles, passing medially as it ascends. The identifica- 
tion of the upper ribs on the dorsal aspect is very difficult, but the eighth rib, 
which lies immediately below the inferior angle of the scapula, can be recog- 
nised with certainty. Below the eighth, the ninth, tenth and eleventh, and the 
twelfth when it projects beyond the sacrospinalis, can all be identified. 

The surface landmarks of the scapula have been described on p. 1428. 

At the lower part of the back the iliac crest can be palpated throughout its 
whole length, and can be traced backwards and upwards from the anterior 

* Arthur Robinson and B. B. Jamieson, Surface Anatomy, London, 1928. 

G.A. 2 z 2 
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superior spine (p. 1465) to its highest pointy which lies behind the mid-point of 
the crest and opposite the interval between the spines of the third and fourth 
lumbar vertebrae. From these the crest can be traced downwards and medially 


Fig. 1286. — The surface anatomy of the back. 
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Just below the crest there is a shallow furrow, termed the iliac furrow ; it 
is caused by the lateral abdominal muscles, which bulge over the crest, forming 
a thick, oblique roU. 

Surface relations of other structures. — The lower limit of the spinal cord 
corresponds to the interval between the spines of the first and second lumbar 
vertebrce. This corresponds approximately to the level of the elbow joint when the 
arm is by the side. The subarachnoid space extends downwards to the horizontal 
level of the upper border of the third sacral spine (fig. 1288). 

As already described (p. 1083) the roots of the spinal nerves become 
gradually longer from the first cervical to the coccygeal, and the levels at which 


Fig. 1287. — A diagram showing the relation of 
the spinal cord to the dorsal surface of the ' 
trunk. The bones are outlined in red. 
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they are attached to the spinal cord are therefore higher than the levels at 
which they emerge from the intervertebral foramma. The positions of the 
nerve roots relative to the vertebral column are shown in fig. 1289 and in the 
table attached thereto, page 1452. 

The tips of the transverse processes of the thoracic vertebrae lie 3 cm. to 
4 cm. from the median plane, but this distance diminishes from above down- 
wards. The tip of the transverse process of the third lumbar vertebra, which 
is the longest lumbar transverse process, is 4*5 cm. from the median plane. 

The cervical pleura and the apex of the lung reach the level of the seventh 
cervical spine at a distance of 2*5 cm. from the median plane. 
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The hywer limit of the pleural sac extends down to a point 2 cm. lateral to 
the upper border of the twelfth thoracic spine and can be indicated by a line 
drawn downwards and laterally from this point to cut the lateral border of the 
sacrospinalis just where the tip of the twelfth rib emerges from under cover of 
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Fig. 1289. — A scheme showing the 
relations of the vertebral spines to 
the regions of attachment of the 
spinal nerves. (After Reid.) 
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the muscle. The lower limit of the lung is 5 cm. above the lower limit of the 
pleura in quiet respiration (fig. 1290). 

can be mapped out on the dorsal aspect of the trunk within 
Morris parallelogram, which is included between two horizontal lines, drawn 
through the eleventh thoracic and the third lumbar spines, and two vertical 
lines, drawn 2*5 cm. and 9*5 cm. from the median plane (fig. 1290). The centre 
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of the hiluin lies opposite the lower border of the first lumbar spine. The ureter 
corresponds to a line drawn downwards from the lower part of the hilum, 4 cm. 
from the median plane, to the dimple which overlies the posterior superior iliac 
spine. It lies, as a rule, medial to the tips of the transverse processes of the 
lumbar vertebrae. 


Fig. 1290. — The lower limits of the lung and pleura, viewed from behind. 


The lower portions of the lung and pleura are shown on the right side 



The spleen varies so much in its size and shape that outlines drawn on the 
surface of the body can be only approximately accurate. For all practical pur- 
poses it may be taken as occupying an area mapped out by a line covering the 
middle three-fifths of the eleventh rib of the left side and a curved line which 
joins its two ends and extends upwards and forwards to the ninth rib (fig. 1290). 
On percussion over the spleen, dulness should not extend forwards beyond the 
midaxillary line when the organ is of normal size. 


THE THORAX 

Surface landmarks. — The sternal angle forms a ridge which can easily be felt 
through the skin ; traced laterally, it leads to the second costal cartilage, which 
can be identified with certainty. The sternal end of tine first costal cartilage may 
be felt immediately below the medial end of the clavicle, but it is by no means 
a conspicuous landmark. The third and succeeding ribs (with the possible ex- 
ception of the twelfth) can all be palpated, and confusion may be avoided if 
the ribs are identified from above downwards, starting at the second. As the 
cartilages of the fifth, sixth and seventh ribs approach the sternum, the in- 
tervals between them become narrower (fi.g. 304) and it is best, in passing 
downwards, to pass gradually further from the sternum. At the sternal ends 
of the second, third and fourth intercostal spaces the margin of the sternum 
can be felt indistinctly. 

The costal margin, which is formed by the cartilages of the tenth, ninth, eighth 
and seventh ribs, can be seen through the skin, except in fat subjects. The two 
margins enclose the infrasternal angle (subcostal angle), where a shallow depres- 
sion is visible in most cases ; this depression overlies the xiphoid process. At the 
apex of the angle the xiphisternal joint may be felt as a short transverse ridge. 

The apex-beat of the heart can often be seen and can always be felt a little be- 
low and a little medial to the left nipple (p. 1429). As a general rule it will be 
found in the fifth intercostal space about 9 cm. (3| inches) from the median plane. 

Surface relations of other structures. — The internal mammary artery can be 
represented by a line which begins 2 cm. above the sternal end of the clavicle 
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and runs domiwards, 1-2 cm. from the lateral mar^ of the sternum or 3-6 cm. 
from the median plane, to the sternal end of ,, 

The surface relations of the cervical pleura (p. 1449) of the lower limit 
of the pleural sac dorsaUy (p. 1452) have alre^y been descnbed. The coaio- 
mediastinal lines of pleural reflectum are difierent on the two sides. On the right 
side the line commences at the sternoclavicular jomt and doirowards and 
medially to reach the midpoint of the sternal angle (fig. 1291) ; it then con- 
tinues downwards, vnth a slight inclination to the left to reach the ^phistemal 
ioint. On the left side, the line follows a similar course mtil the level of the 
fourth costal cartilage is reached ; there it bends to the left to reach the sternal 


Fig. 1291 .— The front of the thorax, showing the surface relations of the bones, 
lungs (purple), pleurss (blue), and heart (red outline). 



A. Aortic valve. P. Pulmonary valve. 

B. Mitral valve. T. Tricuspid valve. 


margia, which it follows to the left extremity of the xiphisternal joint. The 
costodiaphragmatic line of reflection (fig. 1291) can be represented by a line which 
commences opposite the xiphisternal joint and passes downwards and back- 
wards, gradually receding from the costal margin.. In the midaxillary line it 
crosses the tenth rib and then ascends as it passes medially to reach the lateral 
border of the sacrospinalis opposite the tip of the twelfth costal cartilage 
(p. 1449). 

The outline of the apex of the lung corresponds to the outhne of the cervical 
pleura (p. 1449), and the anterior nuirgin of the right lung can be regarded 
as identical with the costomediastinal Ime of pleural reflection. The anterior 
margin of the left lung corresponds also to the costomediastinal line of pleural 
reflection, above the level of the fourth costal cartilage. At that level it passes 
laterally for 3*5 cm. before curving downwards and medially to reach the 
sixth costal cartilage 4 cm. from the median plane (fig. 1291). The lower border 
of the lung can be represented, during quiet respiration, by a line drawn from 
the lower end of the anterior border to reach the eighth rib in the midaxillary 
Ime, where it lies nearly 10 cm. above the costal margin ; the line is then con- 
tinued medially and slightly upwards across the back to a point 2 cm. lateral 
to the tenth thoracic spine (fig. 1290). 
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The oblique fissure of the lung commences opposite a point 2 cm, lateral to 
the second thoracic spine, and can be represented by a line drawn downwards 
and laterally across the scapula, below and roughly parallel to the posterior 
border of the deltoid muscle. Attempts to continue the line uninterruptedly 
round to the anterior aspect of the chest are unsatisfactory. The fissure can, 
however, be represented on the front of the chest by a line drawn from a point, 
3 cm. lateral to, and at the level of, the nipple, downwards and medially to reach 
the sixth costal cartilage 7-5 cm. from the median plane. When the hand is 
placed on the back of the head, the upper part of the oblique fissure corresponds 
to the vertebral border of the scapula. The transverse fissure of the right lung 
can be indicated by a line drawn from the median plane laterally along the fourth 
right costal cartilage. At its lateral end the transverse meets the oblique fissure, 
but owing to the bulk of the anterior axillary fold, attempts to carry the lines of 
these fissures to their meeting place in the mid-axillary line are unconvincing. 

The heart. — The sternocostal surface of the heart can be projected on to 
the anterior chest-wall and forms an irregular, quadrangular area. The right 
border (fig. 1292) of the heart corresponds to a line drawn from the upper border 
of the right third costal cartilage, 1-2 cm. from the margin of the sternum, 
downwards to the sixth costal cartilage. This line is gently convex to the 
right and is at its maximum distance from the median plane — 3*7 cm. — ^in the 
fourth intercostal space. It represents the lateral aspect of the right atrium. 
The continuation of this line in an upward direction marks the lateral border 
of the superior vena cava and, in a downward direction, the lateral border of the 
inferior vena cava. 

The lower border of the heart can be represented by a line joining the lower 
end of the right border to the apex-beat (p. 1453) ; it passes through the xiphi- 
sternal joint, and corresponds for the most part to the lower margin of the right 
ventricle (p. 672). The left border of the heart is represented by a line drawn 
from the apex-beat upwards and medially to a point on the lower border of the 
left second costal cartilage, 1*2 cm. from the sternal margin. This line is convex 
upwards and to the left ; with the exception of its upper part, which demarcates 
the left auricle, it corresponds to the left ventricle (p. 672). 

It is customary to complete the quadrangular area by a line which joins the 
upper ends of the right and left borders, and corresponds roughly to the upper 
limits of the atria. 

The 'pulmonary orifice (fig. 1291) lies partly behind the upper border of the 
left third costal cartilage and partly behind the sternum. It can be represented 
by a horizontal line, 2*5 cm. long. Two parallel lines, drawn from the extremities 
of this line upwards and slightly to the left to reach the second costal cartilage, 
map out the pulmonary trunk. 

The aortic orifice (fig. 1291) lies below and a little to the right of the 
pulmonary orifice. It corresponds to a line, 2*5 cm. long, drawn from the 
medial end of the left third intercostal space downwards and to the right. 
Two parallel lines, drawn from the extremities of this line upwards and to the 
right as far as the right half of the sternal angle, outline the ascending aorta. 

The right atrioventricular, or tricuspid, orifice (fig. 1291) can be represented 
by a line, 4 cm. long, commenciag in the median plane opposite the fourth 
costal cartilage, and passing downwards and slightly to the right. The centre 
of this line should be opposite the middle of the fourth mtercostal space. The 
left atrioventricular, or mitral, orifice lies behmd the left half of the sternum 
opposite the fourth costal cartilage and can be represented by a line, 3 cm. long, 
passing downwards and to the right. 

The atrioventricular groove can be outlined, with sufficient accuracy for all 
practical purposes, by joining the lower end of the line markmg the tricuspid 
orifice to the upper end of the line marking the mitral orifice. The anterior 
interventricular groove corresponds to a line drawn downwards from the left 
extremity of the pulmonary orifice, parallel to the left border of the heart, to 
the lower border. 

The area of superficial cardiac dulness is a roughly triangular area, bounded 
medially by a line drawn in the median plane from the level of the fourth costal 
cartilage to the xiphisternal joint ; inferiorly, by a horizontal line drawn to 
the left for 6 cm. from the xiphisternal jouit ; and, superiorly, by a curved line, 
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convex upwards and to the left, joining the ends of the other boundaries. It 
corresponds to the portion of the heart which is not covered with lung. 

The arch of the aorta (fig. 1292) lies behind the lower half of the manubrium 
sterni ; its convex, outer border can be mapped out by a line which commences 
behind the right extremity of the sternal angle and arches upwards and to the 
left, through the centre of the manubrium, to end behind the sternal extremity 
of the left second costal cartilage. Owing to its backward inclination, the arch 
is considerably foreshortened when projected on to the surface (PI. XIII, fig. 1), 
The descending thoracic aorta commences behind the sternal end of the left 


Fig. 1292. — A diagram showing the relations of the opened heart to the front 
of the thoracic wall. 



Ant, Anterior segment of tricuspid valve. AO. Aorta. A.P. Anterior papillary muscle. In. Innom- 
inate artery. L.0.0. Left common carotid artery. L.S. Left subclavian artery. L.V. Left ventricle. 

P.A. Pulmonary artery. it.A. Right atrium. R.V. Right ventricle. V.S. Ventricular septum. 

second costal cartilage and can be mapped out as a band, 2*5 cm. broad, 
which runs downwards and medially to reach the median plane 2 cm. above 
the transpyloric plane (p. 1458). 

The innominate artery (fig. 1292) can be represented by a broad line drawn 
upwards and to the right from the centre of the manubrium to the right sterno- 
clavicular joint. The left common carotid artery corresponds to a broad line drawn 
upwards and to the left from a point a little to the left of the centre of the 
manubrium to the left sternoclavicular joint. The left subclavian artery arises 
immediately to the left of the origin of the preceding artery and corresponds 
to a fine drawn upw:ards to the left sternoclavicular joint. 

The superior vena cava extends from the lower border of the first to the upper 
border of the third costal cartilage of the right side. It is 2 cm. wide and is 
partly imder cover of the right margin of the sternum. The right innominate 
vein is formed behind the medial end of the right clavicle and extends down- 
wards and medially to the lower border of the right first costal cartilage close 
to the sternum it should be represented by two parallel lines, 1-5 cm. apart. 
The left inTiominate vein commences behind the sternal end of the left clavicle 
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and passes downwards and to the right, behind the sternoclavicular joint 
and the upper half of the manubrium, to the lower end of the right 
innominate vein ; it also should be represented by two parallel lines, 1*5 
cm. apart. 

The tTCtcJiBCi can be mapped out by two parallel lines, 2 cm. apart, which 
commence immediately below the arch of the cricoid cartilage and terminate 
at the sternal angle, inclining very slightly to the right as they descend. From 
the termination of the trachea, the right bronchus runs downwards and to the 
right for 2*5 cm. to gain the hilum of the right lung opposite the sternal end 
of the third right costal cartilage. The left bronchus descends from the same 
point but makes a smaller angle with the trachea ; it passes downwards and 
to the left for 5 cm. before it enters the hilum of the left lung behind the left 
third costal cartilage, 3-5 cm. from the median plane. 

The oesophagus corresponds to two parallel lines, 2*5 cm. apart, which com- 
mence at the lower border of the arch of the cricoid cartilage. At first they 
incline to the left as they descend, but they soon curve towards the right, 
and a little below the sternal angle they are eq^uidistant from the median 
plane. Thereafter they incline to the left again to reach the left seventh 
costal cartilage, where the centre of the oesophagus lies 2*5 cm. from the 
median plane. 

The thoracic duct begins about 2 cm. above the transpyloric plane (vide infra) 
and very slightly to the right of the median plane. It can be represented by a 
line which ascends in the median plane to the sternal angle and then inclines 
to the left, until, about 2-5 cm. above the clavicle, it lies 2 cm. from the 
median plane. Finally, it passes laterally for 1-2 cm. and then turns down- 
wards to end behind the clavicle. 

In the child the thymus lies behind the manubrium and the upper half 
of the body of the sternum, and it may project for a short distance into the 
neck. 
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Surface landmarks. — The linea alba (fig. 1293) can be seen as a linear depres- 
sion in the median plane. Below the umbilicus it is visible only in young, 
muscular subjects, but between the umbilicus and the xiphoid process it can 
usually be recognised without much difficulty. At its lower end the linea alba 
terminates at the upper border of the pubic symphysis, which can be felt indis- 
tinctly. From this point the pubic crest can be traced laterally to the pubic 
tubercle. The linea semilunaris (fig. 1293) is a curved groove which can be seen 
marking the position of the lateral border of the rectus abdominis ; it crosses 
the costal margin at or near the tip of the ninth costal cartilage and terminates 
below at the pubic tubercle. 

The interval between the linea alba and the linea semilunaris is occupied 
by the rectus abdominis. In lean and muscular subjects transverse de- 
pressions may be seen crossing its surface, one at the umbilicus and one 
midway between the umbilicus and the xiphoid process ; they indicate the 
position of the tendinous intersections which cross the surface of the muscle 
(p. 568). 

The umbilicus forms an important landmark. In the young adult it lies on 
a level with the intervertebral disc between the third and fourth lumbar vertebrae, 
but as age advances, it tends to sink to a somewhat lower level. 

The spermatic cord can be grasped between the finger and thumb at the neck 
of the scrotum, and the vas deferens can be identified in its substance owing 
to its characteristic cordlike consistence. If the skin of the scrotum is in- 
vaginated in an upward and lateral direction the spermatic cord can be followed 
up to the superficial inguinal ring. If the examining finger is then directed 
backwards the crura of the ring can be recognised. 

The costal margin and infrasternal (subcostal) angle (p. 1453), the iliac 
crest (p. 1449) and the inguinal ligament (p. 1465) are dealt with in other 
sections. 
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Certain artificial landmarks are helpful in facilitating the reference of ab- 
dominal viscera to the surface of the abdomen. Of these, the most useful is the 
transpyloric plane (fig. 1294), which is drawn round the body, midway between 


Fw. 1293. — The surface anatomy of the front of the thorax and abdomen. 
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symphysis, indicates the position of the arcuate line (linea semicircularis) 
(p. 569). 

The line along which the fleshy fibres of the external oblique muscle merge 
into its aponeurosis is parallel with and 0*5 cm. lateral to the linea semilunaris. 
Just above the level of the anterior superior iliac spine, it bends laterally towards 
that bony point (fig. 595). It should be noted carefully that no fleshy fibres 
of the external oblique muscle descend below the line joining the anterior 
superior spine of the ilium to the umbilicus. The line along which the fleshy 
fibres of the internal oblique muscle merge into its aponeurosis begins near 
the tip of the tenth costal cartilage (fig. 599) and runs downwards and 
slightly medially to a point about 2*5 cm. vertically above the medial end of 
the inguinal ligament. The line along which the fleshy fibres of the transversus 
abdomims merge into its aponeurosis is curved, with its convexity laterally. 
It begins just medial to the costal margin below the xiphisternal joint and 
runs downwards and laterally, crossing the linea semilunaris at the level of 
the tip of the tenth costal cartilage. Opposite the umbihcus it lies 1*5 cm. 
to 2 cm. lateral to the linea semilunaris, and it then curves downwards and 
medially to a point 2*5 cm. vertically above the medial end of the in gninal 
ligament. 

The centre of the deep inguinal ring lies 1 cm. above the midpoint of the 
fine joining the anterior superior iliac spine to the pubic tubercle ; the centre 
of the superficial inguinal ring hes 1 cm. above and the same distance lateral 
to the pubic tubercle. The line of the inguinal canal, which is about 3-7 cm. 
long, can be obtained by joining these two points (fig. 1297). 

The inferior epigastric artery (fig. 1297) can be represented by a line drawn 
from the midpoint of the line joining the anterior superior iliac spine to the 
pubic symphysis upwards towards the umbilicus. 

The seventh and eighth intercostal nerves (fig. 980) turn upwards as they cross 
the costal margin. The seventh follows the margin closely, but the eighth 
corresponds to a line drawn upwards and medially from the tip of the ninth 
costal cartilage, at a distance of 0*5 cm. medial to the costal margin. The lower 
intercostal nerves continue forwards in the lines of the corresponding intercostal 
spaces. 

Surface relations of structures within the abdominal cavity.* — ^The stomach 
lies in the upper left quadrant of the abdominal cavity and part of its outline 
overlies the lower ribs and cartilages of the left side. The cardiac orifice (fig. 
1294) lies behind the seventh costal cartilage 2*5 cm. to the left of the median 
plane and can be represented by two short, parallel lines, 2 cm. apart, inclining 
downwards and to the left. It is placed 10 cm. from the surface of the abdom- 
inal wall and is 40 cm. (16 inches) from the incisor teeth. The pylorus (fig. 1294) 
lies on the transpyloric plane, 1*2 cm. to the right of the median plane, and can 
be outlined by means of two short, parallel lines, 2 cm. apart, directed upwards 
and to the right. The lesser curvature of the stomach can be mapped out by 
joining the right margin of the cardiac orifice to the upper (or left) margin of 
the pylorus by means of a curved J -shaped line, which descends at its lowest 
point below the transpyloric plane. The fundus of the stomach corresponds to 
a line, convex upwards, drawn from the left margin of the cardiac orifice and 
reaching its summit in the left fifth intercostal space just below the nipple. A 
curved line, convex to the left and downwards, drawn from the fundus to the 
lower, or right, margin of the pylorus, outlines the greater curvature. It cuts 
the left costal margin between the tips of the ninth and tenth costal cartilages 
and extends downwards to the subcostal plane. 

* The relations detailed in. this section refer to the body in the recumbent position, but 
it must be remembered that posture is not the only factor which ajBEects the position of the 
viscera. Respiratory movements and the condition of the hollow organs as regards contents 
exercise an important influence. In addition there is a wide range of individual variation, 
associated, in part at least, with the type of chest, and there is an appreciable range of 
variation in the same individual examined at different times, and independent of the 
factors already noted. It follows, therefore, that in the absence of such accessories as 
X-ray photographs attempts to outline the viscera, especially the hollow viscera, on the surface 
of the living model may prove very unsatisfactory, and that the markings given in this 
section, as well as the outlines shown in the accompanying flgures, must be regarded as 
variable within very wide limits. 
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The duodenum* (fig. 1296) hes entirely above the umbilic^, and is about 
2-5 cm wide. Its first part passes upwards and to the right for 2-5 cm. firom 
the pylorus (PI. XV, fig. 1), and from its upper end the second paH runs down- 
wards for 7 -5 cm., lying medial to the right lateral plane. The third part passes 
from the lower end of the second part transversely to the left, above the 
umbilicus, and after crossing the median plane, turns upwards into the fourth 
part. The latter ends at the duodenojejunal flexure, which is situated 2-5 cm. 
to the left of the median plane and 1 cm. below the transpylorio plane. 


Fig. 1294, The surface relations of the stomach, liver and large intestine. 



The pancreas (fig. 1296) stretches obliquely across the posterior abdominal 
wall,* lying more to the left than to the right of the median plane. Its head lies 
within the curve formed by the first, second and third parts of the duodenum 
and its nech passes upwards and to the left behind the pylorus. Its body can 
be represented by two parallel lines, 3 cm. apart, drawn upwards and to the left 
for 10 cm. to 12 cm. from the neck. 

The liver (fig. 1296), which occupies the upper right quadrant of the abdom- 
inal cavity, is roughly triangular in shape when projected on to the anterior 
aspect of the trunk. Its upper border corresponds to a line drawn through the 
xiphisternal joint and ascending to the right to a point a little below the right 

* See footnote on p. 1459. 
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nipple, and ascending less sharply to the left to a point a little below and medial 
to the left nipple. Its right border corresponds to a curved line, convex to the 
right, drawn from a point a little below the right nipple to a point 1 cm. .below 
the right costal margin at the tip of the tenth costal cartilage. Its lower border 
can be represented by joiimg the lower end of its right border to the left end 
of its upper border ; this line should cross the median plane at the transpylpric 
plane, should show a slight concavity opposite the right linea semilunaris and 
may be slightly concave to the left in its upper part. The fundus of the gall 
bladder (fig. 1294) can be outlined on the surface in the angle between the right 
costal margin and linea semilunaris ; it occupies the notch indicated above on 
the lower border of the liver. The bile duct corresponds to a line which begins 
5 cm. above the transpyloric plane and 2 cm. to the right of the median plane, 
and runs downwards for 7*5 cm., inclining to the right in its lower half. 

The area which is bounded on the right by the lower margin of the left 
lobe of the liver, above by the left lung, on the left by the spleen and below 
by the costal margin, overlies the stomach and is often termed Traube’s 
space. 

The ccecum * (fig. 1294) occupies the triangular area bounded by the right 
lateral plane, the transtubercular plane and the fold of the groin (p. 1465). The 


Fig. 1296. — Skiagrams of a half-filled stomach, showing the influence of 
posture. (After A. F. Hurst.) 

A B 



ileocolic orifice lies opposite the point of intersection of the transtubercular and 
the right lateral planes, and 2 cm. below this point the vermiform appendix opens 
into the csecum.f (PL XVII.) 

The ascending colon * (fig. 1294), which is usually about 5 cm. wide, hes 
immediately to the right of the right lateral plane and ascends from the trans- 
tubercular plane to midway between the subcostal and the transpyloric 
planes. 

The transverse colon * (fig 1294) can be represented by a band, 5 cm, wide, 
drawn from the upper end of the ascending colon downwards and medially to 
the umbilicus and then upwards and laterally to cross the transpyloric plane 
to the left side of the left lateral plane. 

The descending colon * (fig. 1294) is usually contracted and is little more than 
2 cm. broad ; it can be represented by a band which commences above the 
transpyloric plane and descends, just lateral to the left lateral plane, as far as 
the fold of the groin (p. 1465). 

The kidney * lies with its upper and lateral part under cover of the costal 
margin, and its long axis is directed downwards and laterally, so that its upper 
pole is nearer to the median plane than its lower pole. The viscus measures 
11 cm. long and 6-5 cm. wide, but, owing to foreshortening its width is reduced 

* See footnote on p. 1459. 

t McBumey marked the base of the vermiform appendix opposite the junction of the 
lower and middle thirds of the line joining the anterior superior iliac spine to the umbilicus. 
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to 5 cm. when it is projected on to the anterior surface of the trunk. The centre 
of the tiilnm lies 5 cm. from the median plane ; that of the right kidney lies^ a 
little below the transpyloric plane, that of the left kidney a little above it. 
With the aid of these measurements the kidney can be mapped out on the 
anterior surface of the abdomen with sufficient accuracy for all practical pur- 
poses (fig. 1296). The outlines of the kidneys on the posterior surface of the body 

are described on p. 1452. , , i j x i 

The pelvis of the ureter lies opposite the hilum of the kidney and extends 
downwards to a point 5 cm. below the transpyloric plane and the same distance 
from the median plane (PI. II, fig. 2). The ureter can be represented by a hue 
drawn downwards and slightly medially from the lower end of its pelvis 
towards the pubic tubercle ; as it enters the pelvis it crosses the termination 
of the common ihac artery {vide infra). 


Tig. 1296. — The siirface relations of the duodenum, pancreas and kidneys. 



The suprarenal glands can be mapped out on the surface immediately medial 
to the costal margin. The left gland, which measures 4-5 cm. long and 2 cm. 
wide, is closely applied to the medial border of the left kidney above the hilum ; 
the right gland, which is triangular in outline and measures 3 cm. long and 
3 cm. wide, is placed at the upper pole of the right kidney. 

The abdominal aorta (fig. 1297) commences in the median plane 2*5 cm. 
above the transpyloric plane. As it descends it inclines slightly to the left and 
it divides into its terminal branches opposite a point 1*2 cm. below the umbilicus 
and the same distance from the median plane. It can be represented by two 
parallel lines, about 2 cm, apart. 

The common iliac artery corresponds to the upper third of a broad line 
drawn from the lower end of the aorta, with a slight convexity to the lateral 
side,' to the midpoint between the anterior superior iliac spine and the pubic 
symphysis. The external iliac artery corresponds to the lower two-thirds of 
the same line. 

The artery (fig. 1297) arises opposite the commencement of the abdo- 
minal aorta. The left gastric artery corresponds to a line drawn from the coeliac 
artery upwards and to the left, in the direction of the cardiac orifice of the 
stomach (p. 1459). The splenic artery can be represented by a wavy line drawn 
to the left and slightly upwards for about 10 cm. from the coeliac artery. The 
hepatic artery can be marked out by a line drawn to the right and downwards 
from the coeliac artery for 2*5 cm. and then vertically upwards for 2 cm. to 
3 cm. 
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The superior mesenteric artery (fig. 1297) begins in the median plane at, or 
just above, the transpyloric plane. Its course can be indicated by a line, gently 
convex to the left, drawn from this point to the intersection of the transtuberc- 
ular and right lateral planes. The line of the artery corresponds in a general 
way to the line of the root of the mesentery, which, however, extends upwards 
to the duodenojejunal fiexure (p. 1460). 

The renal artery arises from the lateral aspect of the aorta, 1-5 cm. below the 
transpyloric plane and corresponds to a broad line drawn laterally for 4 cm. 
In the case of the left artery the line should incline upwards across the trans- 
pyloric plane. 

The inferior mesenteric artery can be represented by a line which com- 
mences 2*5 cm. above the umbilicus and 1-2 cm. to the left of the median 


Fig- 1297. — The surface relations of the aorta, inferior vena cava, ureters 
and inguinal canal. 



plane, and runs downwards and slightly to the left to a point 4 cm. below 

the umbilicus. i. v i 

The inferior vena cava (fig. 1297) begins on, or ]ust below, the transtubercular 
plane and its centre lies 2-5 cm. from the median plane. It can be represented 
by two vertical lines, 2-5 cm. apart, drawn upwards from this pomt to the 
sternal end of the right sixth costal cartilage (p. 1455). A line, drawn do^m- 
wards and lateraUy from the lower end of the inferior vena cava to a 
1 cm. medial to the midpoint of the line joining the pubic symphysis to the 
anterior superior iliac spine, outlines the common and the external ilrnc veins. 
This line is slightly convex to the lateral side, the curvature being greater on 

Sal vein, which is 1 -5 cm. to 2 cm. wide, corresponds to a broad band 
drawn upwards and to the right for 5 cm. from a point on the transpyloric 
plane 1 -2 cm. to the right of the median plane. 
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The PEEIHEIfM 

The anaZ orifice lies in the median plane of the posterior part of the perineum 
about 4 cm. in jfront of the tip of the coccyx, which can be felt at the bottom of 
the natal cleft. The skin around the anus is thrown into a series of converging 
folds, which are continued upwards into the lower part of the anal canal. The 
filrm covering the scrotum is rough and corrugated, but over the penis it is 
smooth and thin. A median ridge, which indicates the position of the scrotal 
raphe, extends forwards from the anus, over the scrotum to the penis. The 
testes can be palpated through the skin of the scrotum, and along the posterior 
border of each the curved epididymis can be identified. The spermatic cord and 
the vas deferens have already been described (p. 1457). 


Fig. 1298. — A median sagittal section through the male pelvis. 



orifice 


The external genital organs in the female have been described on pp. 1405 
to 1407. 

The whole outline of the pubic arch can be felt through the skin, from the 
pubic symphysis to the ischial tuberosity. Posteriorly, on each side, the edge 
of the sacrotuberous ligament can be felt on deep pressure under the medial 
part of the lower border of the gluteus maximus (p. 1470). 

The rectum and anal canal, — ^A finger inserted through the anal orifice enters 
the anal canal, which passes upwards and forwards for about 2-5 cm. and 
then bends sharply backwards into the rectum. The finger is first grasped by 
the external and then by the internal sphincter, and at the upper end of the 
canal it encounters the resistance of the puborectalis ; beyond this it may reach 
the lowest of the horizontal rectal folds. In front (fig. 1298) the bulb of the penis 
and the membranous part of the urethra are first identified and then, about 4 cm. 
above the anal orifice, the prostate can be felt ; beyond this the seminal vesicles, 
if enlarged, and the base of the bladder may be recognised. Posteriorly the 
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pelvic surfaces of the lower part of the sacrum and the coccyx may be 
palpated. 

The vagina . — finger inserted into the vagina comes into contact above 
with the vaginal portion of the cervix uteri, and the lips of the external os uteri 
can be palpated. In front of the cervix, the finger passes into the anterior 
vaginal through which the base of the bladder may be examined. Behind 
the cervix, the finger passes into the posterior vaginal fornix, through which 
the contents of the recto-uterine pouch can be felt (fig. 1299). If the opposite 


Fig. 1299. — A median sagittal section through the female pelvis. 
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is placed on the lower part of the abdominal wall and firm pressure 
exercised, the whole of the cervix and body of the uterus can be examined 
between the two hands, and the experienced observer can determine the con- 
dition of the ovaries and the uterine tubes. _ _ _ , 1 . i. 

A line drawn transversely in fi^ont of the ischial tuberosities passes through 
the perineal body ; it is situated 2-5 cm. in front of the anus, or about ^dway 
between the anus and the neck of the scrotum, in the male (midway between 
the anus and the vaginal orifice in the female). 


THE LOWER LIMB 
The Front oe the Thigh 

Surface landmarks.— An oblique skin crease, which is termed the /old 0 / the. 
groin (fig. 1300), marks the junction of the firont of the tlngh with the pterior 
Ibdoi^al waU. It corresponds fairly accurately to the ^r^^nal Imrmnt. 
The anterior superior spine of the ilium, which hes at the lateral end of the told, 
can always be palpated, but, on account of the normal tilt of the pelvis the 
smaU surface elevation often visible in this situation is produced, not by the 
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spine but by the adjoining part of the crest. At its medial end the fold reaches 
the pubic tubercle (p. 1457). Just below the midpoint of the line joining the 
anterior superior ihac spine to the pubic symphysis, the pulsation of the femoral 
artery can be felt, and in this situation the vessel can be compressed against the 
superior ramus of the pubis. The shaUow depression which lies immediately 
below the fold of the groin corresponds to the femoral triangle (fig. 1300). It 
is bounded on the lateral side by the straplike sartorius muscle, which can be 
both seen and felt in the living subject, especially when the thigh is flexed against 
gravity and is, at the same time, shghtly abducted and rotated laterally. 
The muscle can be traced downwards and medially from the anterior 

superior spine of the ilium 

!Fig. 1300. ^The front and medial surface of the across the front of the hmb to, 

right thigh. approximately, half-way down 
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the medial side of the thigh (fig. 
1300). In the lower part of 
its extent it passes vertically 
downwards across the medial 
condyle of the femur to reach 
its insertion. The bulky, fleshy 
mass at the upper part of the 
medial side of the thigh is 
formed by the adductor grou^ 
of muscles. At its upper and 
medial end, the tendon of 
origin of the adductor longus 
can be identified immediately 
below the pubis. 

When the thigh is flexed 
against gravity and the knee 
is extended, an angular de- 
pression becomes apparent im- 
mediately below the anterior 
superior iliac spine. It is 
bounded medially by the sar- 
torius and laterally by the tensor 
fascice lafce, which forms a firm 
rounded prominence. This de- 
pression overlies the straight 
head of origin of the rectus 
femoris and the anterior inferior 
iliac spine, but neither of these 
structures can be palpated satis- 
factorily. The forward con- 
vexity of the front of the thigh 
is caused by the curvature of 
the femur, covered with the 
vastus intermedins and the 


rectus femoris. The fleshy 
bulge which lies medial to the upper half of the patella is produced by the 
lower fibres of the vastus medialis. 

The flattened, appearance of the lateral aspect of the thigh is caused by 
the iliotibial tract, which stands out as a strong, visible ridge on the antero- 
lateral aspect of the knee, when the leg is extended against gravity. This 
ridge forms the lateral boundary of the depression which lies above and 
lateral to the patella and is limited above by the lower fibres of the vastus 
lateralis. 


tubercle (fig. 1301) on the medial condyle of the femur can be 
felt m the lower part of the thigh. It is the highest point on the medial condyle 
identified most satisfactorily when it is approached from above. If 
the hand (fingers pointmg downwards) is placed flat on the medial side of the 
thigh and carried downwards to the knee, the tip of the middle finger comes 
into contact with the adductor tubercle. The cord-like tendon of the adductor 
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wagnus can be recognised on deep pressure immediately above the tubercle 
and can be traced downwards to its insertion into the bone 

of other structures.— The /emomi arferyenters the thigh at 
the fold of the grom, at a pomt midway 

1 X. Z • 


Fig. 1301. — The front of the right thigh, 
showing the Surface markings for the 
bones, the femoral artery, and the 
femoral nerve. 


between the anterior superior iliac 
spine and the pubic symphysis. It 
can be represented by the upper two- 
thirds of a line joining that point to 
the adductor tubercle (fig. 1301) when 
the flexed thigh is abducted slightly 
and rotated laterally. The proximal 
third of this line lies in the depression 
corresponding to the femoral triangle 
and its middle third lies on the surface 
of the sartorius muscle. It must be 
remembered that, although the femoral 
artery lies in front of the head of the 
femur as it leaves the pelvis, it lies 
at some distance to the medial side 
of the shaft until it reaches the lower 
end of the subsartorial (adductor) 
canal. The femoral vein lies close to 
the medial side of the artery in the 
upper part of the femoral triangle, but 
in most of its course it lies behind 
the artery, inclining to its lateral side 
below. The femoral nerve enters the 
thigh 1-2 cm. to the lateral side of the 
femoral artery and can be represented 
by a vertical line in this situation, not 
more than 2-5 cm. long. 

The hip-joint lies 1*2 cm. vertically 
below the middle third of the inguinal 
ligament (PI. VIII), which is approxi- 
mately parallel to the rim of the aceta- 
bulum (fig. 1301). When the joint is 
extended, a part of the anterior aspect 
of the head of the femur lies immed- 
iately below the acetabular rim and is 
crossed by the femoral vessels. 

The centre of the saphenous opening 
(fossa ovalis) lies nearly 4 cm, below 
and lateral to the pubic tubercle, and 

the long saphenous vein can be represented by a line drawn from a little 
below this point to the adductor tubercle ; the vessel is very rarely visible 
in the thigh on account of the fat that covers it. 



The Region of the ICneb 

Surface landmarks. — The patella can be identified readily, and, when the 
quadriceps is relaxed, can be tilted and moved on the lower end of the femur. 
Its lower limit lies more than 1 em. above the line of the knee-joint (PI. IX). The 
ligamentum patellce can be traced downwards from the apex of the patella to 
the tibial tubercle (fig. 1302), and its edges can be pipped between the finger 
and thumb when the knee is partly extended against gravity. When the knee 
is flexed passively, the medial surface of the medial condyle and the lateral 
surface of the lateral condyle of the femur can be palpated, and portions of the 
femoral articular surface can be examined on each side of the lower part of 
the patella. When the knee is extended passively, the sartorius forms a 
slight elevation over the posterior part of the medial condyle. The tibial 
condyles form visible and palpable landmarks at the sides of the ligamentum 



1468 


SURFACE ANATOMY 


Biceps femoris 
Popliteal fossa 


Quadriceps 
I femoris 

\ 

Patella 


Tubercle 
of tibia 


Gastrocnemius 

Peroneus 

longus 


Tibialis anterior 


patellae ; the lateral condyle is the more prominent. When the knee is flexed 
passively the anterior margins of the tibial condyles can be felt readily, 
and each forms the lower boundary of a depression at the side of the patellar 
ligament. 

The large and deep depression which can be seen at the back of the knee 
when the joint is actively flexed against resistance corresponds to the popliteal 
fossa. It is bounded on the lateral side by the prominent tendon of the biceps 
femoris, which can be traced downwards to the head of the fibula (fig. 1303). This 
bony point forms a slight surface elevation on the upper part of the postero- 
lateral aspect of the leg and lies vertically below the posterior part of the lateral 

condyle of the femur, not less 

Fia. 1302.-The lateral mirface of the right leg. 1 of the 

knee-joint, Ihe lateral popliteal 

(common peroneal) nerve (fig. 
1303) runs downwards and later- 
ally across the back of the head 
of the fibula and then curves 
forwards round the neck of the 
bone. In both situations it can 
be rolled against the bone, but at 
the neck of the fibula it is placed 
deep to the peroneus longus and 
cannot be felt so distinctly. 
Three tendons can be felt on the 
medial side of the popliteal fossa. 
The semitendinosus is the most 
lateral, and the gracilis the most 
medial. These two tendons 
stand out sharply and can be 
seen when the knee is flexed 
against resistance and the limb 
is adducted actively. The third 
tendon is the semimembranosus ; 
it is more deeply situated and 
can be felt in the interval be- 
tween the other two. In ad- 
dition, it is much thicker than 
the others and broadens rapidly 
as it is traced upwards. 

When the knee is flexed pass- 
ively, the pulsation of the pop- 
liteal artery can be felt on deep 
pressure over the middle line of 
the popliteal fossa. 

Surface relations of other 
structures. — ^The popliteal artery 
(fig. 1303) can be represented 
by a line which begins at the junction of the middle and lower thirds of 
the thigh, 2*5 cm. medial to the middle line of the back of the limb, and runs 
downwards and laterally to reach the middle line at the level of the knee- 
joint. It then descends vertically to the level of the tibial tubercle. The 
medial popliteal (tibial) nerve corresponds to a line which commences at the 
upper angle of the popliteal fossa and runs downwards in the middle line. 
At first lateral to the popliteal artery, the nerve gradually crosses the 
vessel to gain its medial side. The lateral popliteal nerve (fig. 1305) can be 
indicated by a line drawn from the upper angle of the popliteal fossa, along 
the medial side of the tendon of the biceps femoris to the back of the head of 
the fibula ; it is then curved downwards and forwards round the neck of the 
bone. 

The line of the knee-joint corresponds to the upper margins of the tibial 
condyles and can be represented by a line drawn round the fimb at this level. 
In the angles between this line and the edges of the ligamentum patellae the an- 
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terior iiorns of tllG soniillinar Fia. 1303. — The back of the left lower limb, 
cartilages can be indicated. showing the surface markings for the bones, 
The suprapatellar bursa ex- vessels, and nerves. 


tends upwards for at least 
6 cm. above the patella. 

The Gluteal Regioh and the 
Back oe the Thigh 

Surface landmarks , — The 
bulky prominence of the but- 
tock is caused by three factors : 
( 1 ) the forward tilt of the pelvis, 
which throws the ischium back- 
wards ; (2) the size of the 
gluteus maximus ; and (3) the 
large amount of subcutaneous 
fat. The horizontal gluteal fold 
(fig. 1304) marks the upper 
limit of the back of the thigh ; 
it does not correspond to the 
lower border of the gluteus 
maximus but is caused by 
fibrous connexions between the 
skin and the deep fascia. The 
natal cleft, which separates the 
buttocks inferiorly, commences 
above at the third or fourth 
sacral spine. 

The iliac crest, which forms 
the upper limit of the buttock, 
has already been described 
(p. 1449). 

The greater trochanter of the 
femur lies a hand’s breadth 
below the tubercle of the iliac 
crest. When the body is in 
the upright posture, the lateral 
surface and posterior margin of 
the trochanter can be felt 
through the skin. Above and 
behind it there is a shallow 
depression, which overlies the 
aponeurosis of the gluteus 
maximus. 

The tuberosity of the ischium 
is covered with the gluteus 
maximus when the hip- joint is 
extended, but it can be identi- 
fied without difficulty when the 
joint is flexed. It is placed 
about 5 cm. from the median 
plane and about the same 
distance above the gluteal fold 
(fig. 1303). 

The rounded fleshy mass 
which occupies the upper part 
of the back of the thigh is 
formed by the biceps femoris, 
on the lateral side, and the 
semitendinosus and the semi- 
membranosus, on the medial 
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side. These muscles stand out boldly when the knee 
Fig. 1304.— The back of the left lower limb. 
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Medial malleolus 
Tendo calcaneus 


is flexed against resistance, 
and can then be traced up- 
wards till they disappear 
under cover of the gluteus 
maximus to reach the 
ischial tuberosity. 

Surface relations of 
other structures. — ^The 
upper border of the glut- 
eus maximus muscle com- 
mences on the iliac crest 
about 3 cm. lateral to the 
posterior superior spine 
and runs downwards and 
laterally to the apex of 
the greater trochanter ; its 
lower border corresponds 
to a line drawn from the 
ischial tuberosity, through 
the midpoint of the gluteal 
fold, to a point 9 cm. below 
the greater trochanter. The 
sciatic nerve (flg. 1303) 
enters the gluteal region 
2*5 cm. lateral to the 
midpoint of the line join- 
ing the posterior superior 
iliac spine to the ischial 
tuberosity. It can be re- 
presented by a broad line 
drawn downwards and 
laterally from this point 
to cross the line joining 
the ischial tuberosity to 
the apex of the greater 
trochanter just medial to 
its mid-point. It is then 
continued vertically down 
the back of the thigh to 
the upper angle of the pop- 
liteal fossa, where it divides 
into the medial and lateral 
jpofiliteal nerves^ if it has 
not already done so at a 
higher level. 

The inferior gluteal 
artery enters the buttock 
to the medial side of the 
point at which the sciatic 
nerve emerges from the 
pelvis. The superior glut- 
eal artery emerges from the 
pelvis at the junction of 
the upper and middle 
thirds of a line joining the 
posterior superior iliac 
spine to the apex of the 
greater trochanter. 

It should be observed 
that the line joining the 
posterior superioriliac spine 
to the ischial tuberosity 
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passes through both the posterior inferior iliac spine and the spine of the 
ischium (fig. 1303). 

A line drawn fi^om the anterior superior iliac spine to the most prominent 
part of the tuberosity of the ischium crosses the apex of the greater trochanter 
and the centre of the acetabulum ; it is frequently termed Nelaton’s line. A 
line joining the apices of the greater trochanters should be parallel to the line 
joining the two anterior superior iliac spines. These lines are occasionally 
useful for clinical purposes. 


The Leg and Ankle Regions 

Surface landmarks.^ The fiat, anteromedial aspect of the leg conforms to 
the subcutaneous medial surface of the tibia. Above, this surface merges into 
the medial condyle of the tibia and below it is continuous with the visible 
prominence of the medial malleolus. The 

sinuous anterior border of the tibia, or shin, 1305.-~The lateral surface of the 
can be felt distinctly in most of its extent, right leg, showing the surface mark- 
but, below, it is somewhat masked by the for the bones, the anterior tibial 

tendon of the tibialis anterior, which lies to *^® 

its lateral side. Ihe long saphenous vein 
can often be seen as it runs upwards and 
backwards across the medial surface of the 
tibia, a little above the medial malleolus. 

It then ascends along the medial side of the 
leg to the knee, where it crosses the medial 
condyle of the femur. 

The lateral malleolus of the fibula (fig. 

1305) forms a conspicuous projection on 
the lateral side of the ankle. It descends 
to a lower level than the medial malleolus 
and is placed on a more posterior plane. 

The lateral aspect of the lateral malleolus 
is continuous above with an elongated, 
triangular area of the shaft of the fibula, 
which is also subcutaneous. Immediately 
in front of the base of the lateral malleolus, 
the lateral part of the anterior margin of 
the lower end of the tibia can be made out, 
and the line of the ankle joint can be 
gauged from it. 

The muscles in the anterior osteofascial 
compartment of the leg form a gentle pro- 
minence over the upper two-thirds of its 
anterolateral aspect, and this prominence 
is accentuated when the foot is actively 
dorsifiexed and inverted. In the lower 
third of the leg, the muscles give place to 
their tendons. The tendon of the tibialis 
anterior can be seen just lateral to the 
anterior border of the tibia and traced 
downwards and medially across the front of 
the ankle to the medial side of the foot ; the 
other tendons cannot be examined satis- 
factorily above the ankle. 

During active eversion and plantar flexion of the foot, the peroneus longus 
muscle (fig. 1302) can be seen as a narrow ridge on the lateral aspect of the leg. 
It hides the peroneus brevis, and both muscles cover the lateral aspect of the 
fibula, rendering its examination difficult. The tendon of the peroneus longus 
can be felt behind the triangular subcutaneous area of the fibula, but it dis- 
appears behind the lateral malleolus, where it is bound down by the superior 
peroneal retinaculum. 
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The bulky prominence of the calf of the leg is formed by the gastrocnemius 
and the soleus, both of which can be identified when the foot is plantar-flexed 
against resistance, or when the heel is raised from the ground, e.g. in standing 
on tiptoes. The medial head of the gastrocnemius descends to a lower level 
than the lateral head. The soleus projects from under cover of the gastro- 
cnemius (fig. 1304), especially on the lateral side, and its fieshy belly extends 
to a lower level. Roth muscles end below in the conspicuous tendo calcaneus, 
which can be gripped between the finger and thumb and followed down to its 
insertion into the posterior aspect of the calcaneum. 

Immediately above the medial malleolus and close to the medial border of 
the tibia, the tendons of the tibialis posterior and flexor digitorum hngus can 


Fig. 1306 . — ^The synovial sheaths of the tendons round the ankle. Lateral aspect. 
(From a preparation by J. 0. B. Grant.) 
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be felt when the foot is actively inverted and plantar-fiexed, but they are not 
conspicuous landmarks. 

Surface relations of other structures. — ^The anterior tihial artery (fig. 1305) 
can be represented by a line which begins 2*5 cm. below the medial side of the 
head of the fibula and runs downwards and slightly medially to the midpoint 
between the two malleoli. Deeply placed above, the vessel is relatively super- 
ficial at the ankle, where it lies behind the tendon of the extensor hallucis longus. 
The anterior tibial nerve (deep peroneal nerve) commences on the lateral aspect 
of the neck of the fibula ; it is directed downwards and medially and soon comes 
into relationship with the anterior tibial artery, which it accompanies to the 
ankle. The musculo-cutaneous nerve (superficial peroneal nerve) also begins on 
the lateral aspect of the neck of the fibula ; it descends to a point on the anterior 
border of the peroneus longus, at the junction of the middle and lower thirds of 
the leg, where it pierces the deep fascia and divides into medial and lateral 
branches, which gradually diverge as they descend to reach the dorsum of the 
foot. 

The superior extensor retinaculum (transverse crural ligament) (fig. 1306) can 
be represented as a band, 3 cm. deep, which passes from the anterior border of 
the triangular subcutaneous area of the fibula to the lower part of the anterior 
border of the tibia. As the tendon of the tibialis anterior descends behind the 
memal part of the ligament, it is provided with a synovial sheath which extends, 
both upwards and downwards, beyond the limits of the ligament. 

posterior tibial artery corresponds to a line drawn from the middle line 
on the back of the calf, at the level of the neck of the fibula, to a point midway 
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between the medial malleolus and the tendo calcaneus. The same line can be 
utilised to represent the posterior tibial nerve. 

The synovial sheaths which envelop the tendons of the peroneus longus and 
brevis are shown in fig. 1306. 


The Foot 

Surface landmarks. When the toes are dorsi-flexed, the extensor digitorum 
brevis forms a small elevation on the dorsum of the foot, a little in front of the 
lateral malleolus. At its posterior end the anterior part of the upper surface 
of the calcaneum can be identified, when the muscle is relaxed. When the foot 
is passively inverted, the upper and lateral part of the head of the talus can be 
both seen and felt ; it lies 3 cm. in front of the lower end of the tibia, and is 
obscured by the extensor tendons when the toes are dorsi-flexed. The tendon 
of the tibialis anterior , which stands out conspicuously on the medial side during 
dorsi-flexion of the ankle joint combined with inversion of the foot, can be 
traced downwards and medially to the medial cuneiform bone. When the toes 
are dorsi-flexed, the tendon of the extensor hallucis longus can be identified lateral 
to the tibialis anterior, and still more laterally — ^immediately in front of the 
lateral part of the lower end of the tibia — ^the extensor digitorum longus and the 
peroneus tertius tendons are crowded together as they pass through the fibrous 
loop of the inferior extensor retinaculum (cruciate ligament) (p. 650). After 
traversing the loop, the tendons diverge to their insertions. The synovial sheaths 
which envelop these tendons are shown in fig. 1306. 

The dorsal venous arch forms a conspicuous feature on the dorsum of the 
foot, especially when it is warm, e.g. after a hot bath ; it curves, convex 
forwards, across the metatarsus. The long saphenous vein arises from its 
medial end and runs upwards and backwards in front of the medial malleolus 
(p. 1471), while the short saphenous vein arises from its lateral end and passes 
backwards below, and then upwards behind, the lateral malleolus. 

The dorsal aspects of the bodies of the metatarsal bones can be felt more or 
less distinctly, but they tend to be obscured by the extensor tendons of the 
toes. Half-way along the lateral border of the foot, the tubercle on the base 
of the fifth metatarsal bone forms a distinct projection, which can be both seen 
and felt. 

The flat, lateral surface of the calcaneum can be palpated on the lateral aspect 
of the heel and can be traced forwards, below tlie lateral malleolus, where it 
is hidden by the tendons of the peroneus longus and brevis. The peroneal 
tubercle, when present and pronounced, can be felt 2 cm. below the tip of the 
lateral malleolus ; immediately above it the peroneus brevis tendon can be 
traced forwards to the tubercle on the base of the fifth metatarsal bone, when 
the foot is actively everted and plantar-flexed. 

On the medial side of the foot, the sustentaculum tali can be felt 2 cm. verti- 
cally below the medial malleolus ; it is partly obscured by the flexor digitorum 
longus tendon and the flexor retinaculum (fig. 1307). Behind and below the 
sustentaculum tali, the medial aspect of the calcaneum can be felt indistinctly. 
The tuberosity of the navicular bone is the most conspicuous bony landmark on 
the medial side and sole of the foot. Usually visible, it can always be felt 
2-5 cm. in front of the sustentaculum tali. The medial cuneiform bone has 
already been identified, and its joint with the first metatarsal bone can be 
felt as a narrow groove in its upper and medial part (PI. XII). 

When the foot is placed on the ground it rests on the posterior part of the 
inferior surface of the calcaneum, the heads of the metatarsal bones and, to a 
lesser extent, on its lateral border. The instep, which corresponds to the medial 
longitudinal arch of the foot (p. 516) is elevated from the ground. The tubercles 
of the calcaneum can be examined, but they are obscured by the tough fibro- 
fatty pad which covers them. The heads of the metatarsal bones, also covered 
with a thick pad, form the ball of the foot ; at this level the foot is widest, owing 
to the slight splay of the metatarsal bones as they pass forwards. 

On the dorsum of the foot the skin is thin, loosely connected to the sub- 
jacent parts and containing a few hairs ; on the plantar aspect, and especially 

a.A. 3 A 
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over the heel, the epidermis is of great thickness and hairs and sebaceous glands 
are absent, as in the palm of the hand. . - . 

Surface relations of other structures. — The stem of the inferior extemor 
retinaculum (cruciate crural ligament) (p. 650) is attached to the anterior part of 
the upper surface of the calcaneuin. It can be represented by a band, about 
1 -5 cm. wide, which passes medially on to the dorsum of the foot. On the medial 
side of the tendons of the extensor digitorum longus, the band divides into two 
diverging limbs, each 1 cm. wide. The upper limb passes to the medial mall- 
eolus ; the lower passes round the medial aspect of the foot to gain the plantar 
aspect. The dorsalis pedis artery corresponds to a line drawn from the midpoint 
between the two malleoli to the proximal end of the first intermetatarsal space 

(fig. 1305). . 1 1. 1 

The calcaneocuboid joint lies 2 cm. behind the tubercle on the base of the 
fifth metatarsal bone, and is practically in line with the talonavicular joints the 


Fig. 1307. — ^The synovial sheaths of the tendons round the ankle. Medial aspect. 
(From a preparation by J. C. B. Grant.) 



Plantaris ^'endo calcaneus 

position of which may be gauged from the head of the talus (p. 1473). These 
two joints together constitute the transverse tarsal joint. The tarsometatarsal 
joints lie on a line joining the tubercle of the fifth metatarsal bone to the tarso- 
metatarsal joint of the great toe. When the latter joint cannot be felt on the 
medial border of the foot, its position may be indicated 2*5 cm. in front of the 
tuberosity of the navicular bone. The joint between the second metatarsal 
and the intermediate cuneiform bone lies 2 mm. to 3 mm. behind the line of the 
other tarsometatarsal j oints (PL XII) . The metatarsophalangeal joints lie 2 *5 cm. 
behind the webs of the toes. 

The flexor retinaculum (laciniate ligament) (fig. 1307) forms a broad band, 
2*5 cm. wide, which passes downwards and backwards from the medial malleolus 
to the medial aspect of the heel ; its lower border runs from the tip of the mall- 
eolus to the medial tubercle of the calcaneum. The tibialis posterior tendon lies 
under cover of the flexor retinaculum close to its tibial attachment and then 
curves forwards in the interval between the medial malleolus and the susten- 
taculum tali to reach the tuberosity of the navicular bone. The flexor digitorum 
longus tendon curves forwards below the tibialis posterior, lying on the medial 
aspect of the sustentaculum tali ; from there it passes forwards and laterally 
to the centre of the sole of the foot, where it breaks up into tendons for the 
lateral four toes. 'The flexor hallucis longus tendon lies below the sustentaculum 
tali and, as it passes forwards to the great toe, it crosses the line of the flexor 
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digitorum longus opposite the interval between the sustentaculum tali and the 
tuberosity of the navicular bone, i.e. below the ‘planiur calcaneonavicular liga~ 
ment, which can be represented in this interval. The synovial sheaths which 
envelop these tendons are shown in fig. 1307. 

The medial plantar artery and nerve commence under cover of the flexor 
retinaculum, midway between the medial malleolus and the prominence of the 
heel. From this point a line drawn forwards in the direction of the first inter- 
digital cleft as far as the navicular bone represents, with sufficient accuracy, 
both the nerve and the artery. The latercd plantar artery and nerve can be 
represented by a line drawn from the same starting-point forwards and laterally 
to a point 2*5 cm. medial to the tubercle of the fifth metatarsal bone. A line 
drawn medially from that point, with a slight forward convexity, to the 
proximal end of the first intermetatarsal space represents the plantar arch and 
the deep branch of the lateral plantar nerve. 
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ABDOMEN, 1302 
age changes, 1373 
contents, 1302 
subdivisions, 1303 
surface anatomy, 1457 
Abdomen proper, 1302 
pelvis, 1304 
age changes, 1373 
cavity, 1302 
contents, 1302 
peritoneum, 1305 
planes and regions, 1303 
position of viscera, 1305 
walls, applied anatomy, 571, 
1343 

arteries, 760 to 775 
fascia, 559, 572 
lymph drainage, 875 
lymph glands, 864 
muscles, anterolateral, 559 
posterior, 572 
nerves, 1108, 1111 
veins, 834 

Abduction at joints, 430 
Accommodation of eye, 1170 
Acetabulum, 368, 377 
ossification, 379 
sex differences, 383 
Acromion, 334, 336 
ossification, 336 
surface anatomy, 1428 
Actions of muscles, 520 
Adam’s apple, 1227 
Adduction at joints, 430 
Adenoids, 1299 
Aditus of larynx, 1233 
applied anatomy, 1245 
in deglutition, 1298 
muscles acting on, 1237 
of lesser sac of peritoneum, 
1306, 1309 
development, 175 
of tympanic antrum, 1197 
applied anatomy, 1204 
Adminiculum linese albse, 564, 
570 

Adrenalin, 1418 
After-birth, 82 
Agger nasi, 319, 1158 
Air-cells, of lungs, 1251, 1260 
mastoid, 300 
development, 207, 301 
mucous membrane, 1202 
Air-sinuses. /S^ee Sinus, paranasal 
Akanthion, 328 
Ala nasi, 1155 
of vomer, 260, 276, 314 
Albinism, 13 
Albino, 1170 
Allantois, 71, 73, 172 
Alveoli, air of lungs, 1259 
dental, 1281 
development, 1281 
mandibular, 277, 1281 
maxillary, 93, 1281 
mammary, 1408 


Alveoli (cont.) 
of pancreas, 1348 
of salivary glands, 1271 
Alveus hippocampi, 997 
Ameloblasts, 1279, 1280 
Amitosis, 2 
Amnion, 73 
cavity, 54 
of reptilia, 57 

Amphioxus, early development, 
62 

Ampulla, of bile duct, 1325, 
1348, 1359 

of lacrimal canaliculi, 1188 
of rectum, 1338 
of semicircular canals, 1204, 
1205 

of semicircular ducts, 1207, 
1209 

structure, 1210 
of uterine tube, 1396 
of vas deferens, 1385 
Anaphase of cell division, 2 
Anastomosis, 690 
around aiMe joint, 797 
on back of thigh, 792 
cruciate, 781, 791 
around elbow joint, 748 
around knee joint, 796 
of portal and systemic circu- 
lation, 844, 1342 
post-costal, 150 
post-transverse, 150 
pre-aortic, 155 
precostal, 150 
around scapula, 738 
somatic, 151 

Anatomical snuff box, 1433 
Angioblast, 72, 132, 133 
Angiology. See Systems, blood 
vascular, 661 
Angle, acromial, 334 

surface anatomy, 1428 
carrying, 343, 461, 1431 
of eye, lateral, 1184 
medial, 1184 
infrastemal, 238, 1453 
iridocorneal, 1166 
of mandible, 279 
age changes, 282 
surface anatomy, 1442 
of mouth, 1263, 1442 
of neck of femur, 386 
of rib, 234 
sacro vertebral, 218 
sternal, 230 
surface anatomy, 1453 
subcostal, 238, 1453 
thyroid, 1228 
of torsion of femur, 386 
of humeri, 345 
Ankle j oint. See J oint, ankle 
Annulus. See also Ring 
fibrosus, 436 
ovalis, 673, 674 
stapedis, 131 


Annulus (cont.) 

tendinous communis, 1179 
Anorchism, 1384 
Anosmia, 1037 
Ansa hypoglossi, 1078, 1092 
lenticularis, 963 
peduncularis, 957 
subclavia, 1145 
Antagonist, muscular, 521 
Anteflexion of uterus, 1399 
Anteversion of uterus, 1399, 
1402 

Antihelix, 1190 
development, 132 
Antitragus, 1190 
development, 133 
Antrum folliculi of ovary, 1395 
mastoid, 297, 1197 
pyloric, 1317 
tympanic, 297, 1197 
applied anatomy, 1204 
development, 131 
growth, 319 
Anus, 1261, 1340 
imperforate, 174 
lymph drainage, 870 
AORTA, 691 

aneurysm, 695 
bulb, 692 
coarctation, 760 
development, 98, 147 
isthmus, 149, 694 
orifice, 679 

surface anatomy, 1455, 
1456, 1462 
spindle, 694 
valve, 146, 680 
vestibule, 145, 680 
abdominal, 760 
aneurysm, 762 
collateral circulation, 762 
surface anatomy, 1462 
arch, 694 
aneurysm, 696 
branches, 697 
comparative anatomy, 695 
development, 149 
peculiarities, 695, 697 
relations, 694 
surface anatomy, 1456 
ascending, 692 
aneurysm, 696 
branches, 693 
relations, 692 
surface anatomy, 1455 
descending thoracic, 757 
aneurysm, 760 
branches, 757 
collateral circulation, 760 
development, 147 
peculiarities, 760 
surface anatomy, 1456 
Aortae, primitive, 134, 147 
dorsal, 72, 134, 147, 149 
right, remnant of, 730, 760 
ventral, 72, 147 
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Apertures. 8ee also Aditus, 
Hiatus, Opening and 
Orifice 

of aqueduct of cochlea, 299, 
1206, 1207 
of vestibule, 272 
nasal, anterior, 246, 273 
posterior, 258, 273, 276, 
1157 

definitive, 95 
primitive, 94 

of ventricle, fourth, lateral, 
1028 

median, 1028 

Apex, of arytenoid cartilage, 
1230 

of axilla, 740 
of bladder, 1371 
of cochlea, 1206, 1207 
of heart, 670 
of lungs, 1253, 1254 
surface anatomy, 1449, 
1451 

of orbit, 248 
of prostate, 1391 
of sacrum, 220 
of tongue, 1283 
Aponeurosis, 519, 522 
bicipital, 594 
epicranial, 523, 524 
gluteal, 628, 631, 633 
of obliquus abdominis exter- 
nus, 560 
internus, 562 
palatine, 1264 
palmar, 613, 614 
plantar, 653, 654 
suprahyoid, 540 
of transversus abdominis, 567 
Apparatus. See also Organs and 
Systems 
lacrimal, 1187 
locomotor, 100 
development, 101 
reticular, of Golgi, 2, 883 
Appendicular skeleton, 203 
Appendix, Appendices — 
of epididymis, 1381 
epiploicae, 1314, 1332, 1340 
of larynx, 1234. See Saccule 
of larynx 
testis, 1381 
development, 190 
vermiform, 1334 
applied anatomy, 1342 
artery, 769 
at birth, 169 
development, 169 
lymph drainage, 870 
mesentery, 1314, 1335 
peculiarities, 1333 
positions, 1334 
structure, 1335 
surface anatomy, 1461 
vesiculosae of uterine tube, 
1397 

Apraxia, 992 
Aqueduct, cerebral, 952 
of cochlea, 299, 1206, 1207 
of mid-brain, 952 
development, 114 
of vestibule, 298, 1204 
external opening, 272 
Aqueous humour, 1177 
Arachnoid mater, 1026 
cerebral, 1026 
development, 124 
structure, 1027 


Arachnoid mater, spinal, 1026 
cisterns, 1027 
granulations, 1028 
structure, 1029 
Arbor vitae of cerebellum, 930 
of cervix uteri, 1400. 

ARCH, ARCHES— 
alveolar, 257, 319 
aortic, 694 
aneurysm, 696 
branches, 697 
comparative anatomy, 695 
development, 149 
peculiarities, 695, 697 
primitive, 134, 147 
relations, 694 
surface anatomy, 1456 
of atlas, anterior, 209 
development, 85 
posterior, 209, 210 
axiUary, 583 

branchial. See A., visceral 
coraco-acromial, 456 
cortical, of kidney, 1365 
costal, primitive, 85 
of cricoid cartilage, 1228. 

surface anatomy, 1444 
dental, 1273 
of mandible, 1273 
of maxilla, 1273 
of foot, 516, 517 
applied anatomy, 517 
structure, 516 
glossopalatine, 1264, 1290 
hyoid, 91 
artery, 148 
muscle mass, 100 
nerve, 92, 98 
skeletal element, 99 
longitudinal, of foot, 408 
lumbocostal, 555, 572 
mandibular, 91, 281 
artery, 148 
muscle mass, 100 
nerve, 92, 98 
skeletal element, 99 
palatoglossal, 1264, 1290 
development, 167 
palatopharyngeal, 1264, 1292 
palmar, deep, 752 
developnient, 152 
superficial, 755 
development, 152 
surface anatomy, 1438 
parieto-occipital, 979 
pharyngopalatine, 1264, 

1292 

plantar, 802 

development, 152 
injuries, 803 
surface anatomy, 1475 
pubic, 376, 380 
superciliary, 245, 246, 304 
tendinous, of pelvic fascia, 
574 

venous, dorsal, of foot, 832, 
1473 

jugular, 810 
nasal, 806 
palmar,752, 755 
plantar, cutaneous, 832 
deep, 384 _ i 

vertebral, 206 
visceral, 91, 92, 281 
arteries, 98, 147 
comparative anatomy, 91 
development, 90 
fxmctions, 91 


Arch, Arches (cont.) 
visceral, muscles of, 92, 100 
nerves of, 92, 98 
relation to pharynx, 91 , 1 67 
to stomodseum, 91, 162 
to tongue, 164 
skeletal elements, 92, 98, 
99 

structure, 92 
zygomatic, 251, 325 
Archenteron, 55, 62 
Archipallium, 119, 972, 984, 
988 

evolution, 972 
Archistriatum, 1014 
Arcus parieto-occipitalis, 979 
AREA, AREAS— 
association, of cerebral cor- 
tex, 995 

auditory, of cerebral cortex, 
995 

surface anatomy, 1440 
auditopsychic, 995 
auditosensory, 995 
bare, of liver, 1306 
of stomach, 1318, 1320 
Broca’s, 978 

of cardiac dullness, 1455 
cochlear, 272 
Cohnheim’s, 33 
cortical, of cerebrum, 991 
embryonic, 56 
comparative anatomy, 56 
differentiation of, 57 
facial, of internal auditory 
meatus, 298 

frontal, of cerebral cortex, 

992 

insular, of cerebral cortex, 
995 

intercondylar, of tibia, 396, 
397 

macular, of cerebral cortex, 
994 

motor, of cerebral cortex, 992 
relation to middle menin- 
geal artery, 713, 714 
structure, 991 
surface anatomy, 1440 
parietal, of cerebral cortex, 

994 

parolfactory, 981, 986 
peristriate, 975, 979 
piriform, 972, 983, 984, 985 
development, 118, 119, 121 
evolution, 972 
structure, 996 

postcentral, of cerebral cor- 
tex, 993 

postrema, of fourth ventricle, 
942 

precentral, of cerebral cor- 
tex, 991 

precordial, 1455 
preterminal, 120 
psychomotor, 992 
sensory, of cerebral cortex, 

993 

structure, 993 
surface anatomy, 1440 
silent, of brain, 992 
somesthetic, 993 
striate, of cerebral cortex, 
975, 979, 988 

temporal, of cerebral cortex, 

995 

vasculosa, of yolk sac, 132, 
133 
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’ Area, Areas {cont.) 

vestilDular, 298, 941, 1065, 
1066, 1204, 1214 
visual, of cerebral cortex, 
993 

surface anatomy, 1440 
visuopsychic, 994 
visuosensory, 993 
Areola of nipple, 1408 
Areolae of bone, primary, 24 
secondary, 24 
Arm, upper — 
arteries, 744 to 749 
bones, 340 to 348 
joints, 452 to 463 
lymph drainage, 859 
muscles, 593 
nerves, 1093 
surface anatomy, 1430 
veins, 822 to 825 
Armpit. See Axilla 
Arteries, 

aberrant, 760 
development, 147 
end, 760 
nerves of, 663 
structure, 662 

ARTERIES OF ORGANS AND 
REGIONS— 
of abdomen, 760 to 775 
surface anatomy, 1462, 
1463 

of abdominal wall, 737, 758, 
772, 782, 783, 789 
of anal canal, 777, 779, 1341 
of ankle joint, 797 
of arm, 744 to 749 
of arteries, 663 
of auricle of ear, 1192 
of bladder, urinary, 772, 1376 
of bone, 19, 26 
of brain, 724, 725, 726, 727, 
735 

of breast, 735, 759, 1409 
of bronchi, 697, 757, 759, 
1259, 1260 
of bulb of penis, 779 
of buttock, 781, 782 
of caecum, 769 

of caudate nucleus, 724, 725, 
726, 727 

of cerebellum, 734, 735 
of choroid of eye, 722, 723, 
1171, 1178 

of choroid plexus, 726, 735, 

1015 

of clitoris, 781, 790 
of cochlea, 1215 
of colon, 341, 769, 770, 771, 
1341 

of conjunctiva, 722, 723 
of corpus striatum, 724, 725, 
726, 727, 735 

of diaphragm, 150, 757, 772 
of duodenum, 750, 765, 767, 
1325 

of dura mater, 
cerebral, 706, 710, 713, 714, 
722 

spinal, 733, 734, 759, 773, 
782 

of ear, internal, 735, 1215 
middle, 706, 711, 712, 713, 

1202 

of epididymis, 150, 771, 772, 
777 ' 

of external auditory meatus, 
710, 711, 1194 


Arteries of Organs and Regions 
(cont.) 

of eyeball, 722, 723, 1171, 
1178 

of eyelids, 722, 723, 1187 
of face, 707, 709, 711, 715 
of fingers, 751, 752, 756 
of foot, 797, 798, 802 
of forearm, 749, 752 
of gall bladder, 765 
of hair follicles, 1222 
of hand, 750, 751, 754, 755 
of head, 700 
of heart, 685, 693, 694 
of hip-joint, 488, 778, 791 
of hyoid arch, 148 
of hypophysis, 722 
of ileum, 766, 767, 1330 
of internal capsule, 726, 727 
of intestine, large, 341, 769, 
770, 771, 1341 
small, 766, 767, 1330 
of iris, 1171 

of jejunum, 766, 767, 1330 
of kidney, 771, 1363, 1367 
of knee-joint, 792, 795, 797 
of labium majus, 781, 789, 
790 

of larynx, 706, 738, 1240 
of leg, 796, 799 
of lentiform nucleus, 725, 
726, 727, 735 
of limb, lower, 785 
development, 152 
of limb, upper, 727 
development, 152 
of lips, 709 

of liver, 763, 1354, 1355 
of lungs, 691, 757, 759, 1259 
of mammary gland, 737, 759, 
1409 

of mandibular arch, 148 
of mediastinum, 757 
of medulla oblongata, 734, 
735 

spinalis, 733, 734 
of meninges, 

cerebral, 706, 710, 713, 714 
722 

spinal, 733, 734, 759, 782 
of mid-brain, 727, 735 
of nasal cavity, 709, 715, 723, 

1160 

of nose, 1156 

of oesophagus, 738, 757, 763, 
772, 1302 
of orbit, 722 
of ovary, 772, 1396 
of palate, 706, 715, 1264 
of palm of hand, 751, 754, 755 
of pancreas, 766, 767, 1349 
of parathyroid glands, 1415 
of parotid gland, 710, 1269 
of pelvis, 775 to 783 
of penis, 781, 790, 1390 
of pericardium, 737, 757 
of perineum, 778, 790 
of pharyngotympanic tube, 
706, 708, 1199 
of pons, 735 
of prostate, 777, 1392 
of pterygoid canal, 715 
of rectum, 769, 770, 771, 777, 
779, 1341 

of retina, 722, 1176 
of saccule, 1215 
of scalp, 709, 710, 711, 714, 
1 723 


Arteries of Organs and Regions 

(cont.) 

of sclera, 1166 

of scrotum, 779, 789, 790, 
1388 

of semicircular ducts, 1215 
of seminal vesicle, 777, 1386 
of skin, 1221 
of sole of foot, 802 
of spermatic cord, 771, 777, 
784, 1387 

of spinal cord, 733, 734 
of spleen, 765, 766, 1424 
of stomach, 763, 764, 766, 
1323 

of sublingual gland, 707, 
1270 

of submandibular gland, 709, 
1270 

of suprarenal gland, 771, 772, 
1418 

of teeth, 714, 715, 1277 
of testis, 771, 777, 1383 
of thalamus, 725, 726, 727, 
735 

of thigh, 781, 785 
of thorax, 737, 739, 742, 743, 
744, 757, 758, 759 
of thumb, 751 
of thymus, 698, 737, 1421 
of thyroid gland, 698, 704, 
737, 1414 
of toes, 798, 802 
of tongue, 706, 1289 
of tonsil, 706, 709, 1293 
of trachea, 737, 1244 
of trunk, 756 

of tympanic cavity, 706, 711, 
712, 713, 1202 
membrane, 1197 
of ureter, 771, 777, 1370 
of urethra, 777, 781 
of uterine tube, 772, 777, 
1396 

of uterus, 772, 777, 1402 
of vagina, 777, 778, 790, 1405 
of vas deferens, 771, 777, 
1387 

of veins, 666 

of vermiform appendix, 769 
of vertebrae, 733, 734, 759, 
773, 782 

of vestibule, membranous, 
1215 

of visceral arches, 98, 147 
ARTERIES, NAMED— 
acetabular, of medial cir- 
cumflex femoral, 791 
of obturator, 778 
acromial, of acromiothoracic, 
742 

of suprascapular, 738 
acromiothoracic, 742 
alar thoracic, 744 
alveolar. See A., dental 
anastomotic, of inferior glu- 
teal, 781 

angular. See A., facial 
aorta. See Aorta 
appendicular, 769 
arciform, of kidney, 1368 
arcuate, of foot, 798 
auditory, internal, 735, 1215 
auricular, deep, 712 
of occipital, 710 
posterior, 710 
axial, of upper limb, 152 
of lower limb, 152 
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Arteries, Named (cont.) 
axillary, 741 

applied anatomy, 744 
branches, 742 
collateral circulation, 744 
development, 152 
injuries, 744 
peculiarities, 744 
relations, 741 
surface anatomy, 1428, 
1429 

axis, of upper limb, 152 
of lower limb, 152 
azygos, of vagina, 778 
basilar, 734 
branches, 734 
brachial, 744 
applied anatomy, 748 
branches, 747 
profunda, 747 
collateral circulation, 748 
development, 152 
relations, 744 
surface anatomy, 1431 
bronchial, 757, 1260 
peculiarities, 697 
right, 759 
buccal, 714 
. csecal, 769 
calcanean, 801 
caroticotympanic, 721 
carotid, common, 700 
aneurysm, 703 
applied anatomy, 703 
collateral circulation, 
704 

development, 148 
peculiarities, 697, 703 
relations, 700 
surface anatomy, 
1446 

left, in thorax, 700, 1456 
external, 697, 704 
applied anatomy, 704 
branches, 704 
collateral circulation, 
704 

development, 148 
in parotid gland, 1268 
peculiarities, 703 
relations, 704 
surface anatomy, 1446 
internal, 720 
applied anatomy, 721 
branches, 721 
cavernous part, 721 
cerebral part, 721 
cervical part, 721 
collateral circulation, 
727 

development, 149 
I)eculiarities, 697, 703, 
720, 721 

petrous part, 720 
surface anatomy, 1446 
carpal, anterior, of radial, 750 
of ulnar, 754 
posterior, of radial, 751 
of ulnar, 754 
cavernous, 722 
central, of brain, 724, 725, 
726, 727, 735 

central, of retina, 722, 1176 
development, 128 
distribution, 1176 
cerebellar, inferior, anterior, 
735 

posterior, 734 


Arteries, Named {cont,) 
cerebellar, superior, 734 
cerebral, anterior, 724 
development, 149 
middle, 726 
anastomosis, 727 
branches, 726 
posterior, 735 
of cerebral haemorrhaffe, 

726 

cervical, ascending, 738 
development, 151 
deep, 739 
development, 150 
transverse, 739 
branches, 739 
peculiarities, 739 
choroid, anterior, 726, 1015 
posterior, 735, 1015 
ciliary, 

in eyeball, 1171, 1178 
anterior, 723, 1171, 1178 
posterior, long and short, 
722, 723, 1171, 1178 
circumflex, femoral, lateral, 
791 

medial, 791 
fibular, 800 

humeral, anterior, 743, 744 
posterior, 744 
iliac, deep, 784 
superficial, 789 
scapular, 743 

clavicular, of acromiothor- 
acic, 742 
coccygeal, 781 
coeliac, 762 
branches, 763 
development, 150 
, peculiarities, 763 
surface anatomy, 1462 
colic, left, inferior, 770 

applied anatomy, 771 
superior, 769 
development, 150 
middle, 769 
right, 769 

collateral, intercostal, 759 
ulnar, 747 

comitans nervi ischiadici, 
781 

communicating, of brain, 
anterior, 725 
posterior, 726 
of peroneal, 801 
of posterior tibial, 802 
coronary, 693 
anastomosis, 694 
applied anatomy, 694 
peculiarities, 694 
cortical, of brain, 724, 725, 
726, 727, 735 
costocervical trunk, 739 
cremasteric, 784 
cricothyroid, 706 
cystic, 765 
dental, inferior, 714 
superior, anterior, 715 
posterior, 715 
digital, palmar, 756 
plantar, 802 
dorsalis clitoridis, 781 
linguse, 706 
pedis, 797 
branches, 798 
peculiarities, 798 
surface anatomy, 1474 
penis, 781 


Arteries, Named {cont.) 
epigastric, inferior, 783 
applied anatomy, 784 
development, 149, 151 
peculiarities, 778, 784 
relation to abnormal ob- 
turator, 778, 784 
to hernia, 784, 1344 
surface anatomy, 1459 
superficial, 789 
superior, 737 
development, 151 
ethmoidal, anterior and pos- 
terior, 722 
facial, 707 

anastomoses, 709 
applied anatomy, 709 
branches, 708 
peculiarities, 709 
relations, 707 
to tonsil, 1293 
surface anatomy, 1442, 
1443 

transverse, 711 
femoral, 785 

applied anatomy, 788 
branches, 789 
collateral circulation, 788 
compression, 788 
development, 152 
peculiarities, 788 
relations in femoral tri- 
angle, 787 

insubsartorial canal, 788 
surface anatomy, 1467 
fibular, circumflex, 800 
frontal, 748 

ganglionic, 724, 725, 726, 
727, 735 
gastric, left, 763 
accessory, 766 
development, 150 
surface anatomy, 1462 
right, 763 
short, 766 

gastroduodenal, 764 
gastroepiploic, left, 766 
right, 764 

development, 149, 150 
genicular, descending, 792 
inferior, 795 
middle, 795 
superior, 795 
genu suprema, 792 
gluteal, inferior, 781 
branches, 781 
development, 152 
peculiarities, 788 
relation to sacral plexus, 
1118 

superior, 782 

relation to sacral plexus, 
1118 

surface anatomy, 1170 
hsemorrhoidal. A., rectal 
helicine, of penis, 1390 
hepatic, 763 

development, 150 
peritoneal relations, 

1311 

in portal canal, 1355 
surface anatomy, 1462 
accessory, 766 
left, 764 
right, 764 
hyaloid, 1176, 1178 
development, 125, 127, 
128 
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Arteries, Named (cont,) 
hypogastric. 8ee A., iliac, 
internal 

hypoi)hyseal, 722 
ileal, 766, 767, 1330 
ileocolic, 769 
iliac, common, 774 
branches, 774 
collateral circulation, 
774 

development, 152 
surface anatomy, 1462 
left, 774 
right, 774 
external, 783 
branches, 783 
collateral circulation, 
785 

development, 152 
surface anatomy, 1462 
internal, 775 
at birth, 776 
branches, 777 
collateral circulation, 
783 

peculiarities, 776 
relations, 775 
iliolumbar, 782 
infraorbital, 715 
innominate, 698 
aneurysm, 699 
applied anatomy, 699 
branches, 698 
collateral circulation, 699 
development, 147 
peculiarities, 697, 699 
relations, 698 
surface anatomy, 1456 
intercostal, anterior, 737 
posterior, 758 
applied anatomy, 759 
branches, 769 
collateral, 759 
development, 150 
superior, 739 

interlobar, of kidney, 1368 
interlobular, of kidney, 1368 
interosseous, anterior, 753 
development, 152 
common, 745 
peculiarities, 745, 753 
posterior, 754 
development, 152 
recurrent, 754 
intersegmental, 149 
lumbar, 150 
seventh, 149, 152 
interventricular, 693, 694 
jejunal, 766, 767, 1330 
labial, of face, inferior, 709 
superior, 709 
of vulva, 779 
lacrimal, 722 
laryngeal, inferior, 738 
superior, 706 
lenticulostriate, 726 
lingual, 706 

applied anatomy, 707 
injury, 707 
relations, 707 
in tongue, 1289 
of inferior dental, 714 
lumbalis ima, 774 
lumbar, 772 

development, 150 
spinal branch, 773 
of iliolumbar, 782 
macular, 1176 


Arteries, Named {cont.) 

malleolar, lateral, anterior, 
797 

medial, anterior, 797 
posterior, 802 
m ammar y, external, 743 
internal, 735 
branches, 737 
development, 149, 151 
peculiarities, 697 
relations, 736 
surface anatomy, 1453 
mandibular, 148 
marginal, of pelvic colon, 771 
masseteric, 714 
mastoid, 710 
maxillary, 712 

br^ches, 712, 714, 715 
development, 147 
mandibular part, 712 
pterygoid part, 714 
pterygopalatine part, 
715 

external. See A., facial 
median, 754 
development, 152 
mediastinal, of aorta, 757 
of internal mammary, 737 
medullary, of brain, 727 
of vertebrae, 734 
meningeal, accessory, 714 
of ascending pharyngeal, 
706 

of internal carotid, 722 
middle, 706, 713 
applied anatomy, 714 
branches, 713 
development, 148 
groove for, 264 
injury, 714 

in middle cranial fossa, 
268 

surface anatomy, 714 
of occipital, 710 
of ophthalmic, 723 
recurrent, 722 
of vertebral, 733 
mental, 714 

mesenteric, inferior, 769 
applied anatomy, 771 
branches, 769 
development, 150 
superior, 766 
branches, 766 
development, 160 
surface anatomy, 1463 
mesonephric, 150 
metacarpal, dorsal, 751 
palmar, 752 
metatarsal, dorsal, 799 
first, 799 
plantar, 798 
first, 798 

musculophrenic, 737 
mylohyoid, 714 
nasal, dorsal, 724 
lateral, 709 
septal, 709 

of sphenopalatine, 715 
nasopalatine, 716 
nutrient, 19 

direction of, 26 
of femur, 791, 792 
of fibula, 801 
of humerus, 747 
of radius, 753 
of tibia, 801 
of ulna, 753 


Arteries, Named (cont.) 
obturator, 778 
branches, 778 
peculiarities, 778 
occipital, 709 
branches, 710 
peculiarities, 703 
of posterior auricular, 711 
relations, 710 
fjesophageal, of aorta, 757 
of inferior thyroid, 738 
of left gastric, 763 
omental, of gastro-epiploic, 
764, 766 
oxfiithalmic, 722 
branches, 722 
development, 149 
orbital, of infraorbital, 715 
of middle meningeal, 714 
ovarian, 772 
development, 150 
palatine, ascending, 708 
greater (descending), 716 
lesser, 715 

of ascending x>haryngeal, 
706 

palmar arch, deep, 752 
surface anatomy, 1438 
superficial, 755 
applied anatomy, 756 
development, 152 
surface anatomy, 1428 
palpebral, lateral, 722 
medial, 723 

pancreatic, of splenic, 766 
pancreaticoduodenal, in- 
ferior, 767 
superior, 765 

])ectoral, of acromiothoracic, 
742 

perforans cruris, 152 
tarsi, 152 

perforating, of foot, 801 
of hand, 752 

of internal mammary, 737 
of peroneal, 801 
of thigh, 791 
pcricardiacoifiirenic, 737 
pericardial, of aorta, 757 
of internal mammary, 737 
perineal, transverse, 779 
peroneal, 800 

branches, 801 
development, 163 
peculiarities, 801 
perforating branch, 801 
posterior superficial, 152 
pharyngeal, ascending, 706 
branches, 706 
peculiarities, 703 
of maxillary, 715 
phrenic, 772 

development, 150 
of aorta, 707 
plantar, arch, 802 
branches, 802 
injuries, 803 
surface anatomy, 1475 
lateral, 802 
branches, 802 
development, 152 
medial, 802 

development, 152 
pontine, 735 
popliteal, 793 
applied anatomy, 794 
branches, 794 
development, 152 



Arteries, Named {conU) 
popliteal, peculiarities, 794 
relations, 793 
surface anatomy, 1468 
princeps pollicis, 751 
profunda brachii, 747 
peculiarities, 744 
cervicis, 739 
development, 150 
clitoridis, 781 
femoris, 790 
branches, 791 
peculiarities, 790 
relations, 790 
linguse, 707 
penis, 781, 1390 
pterygoM, 714 

of internal carotid, 721 
of pterygoid canal, 715 
pubic, of inferior epigastric, 
778, 784 

of obturator, 778 
pudendal, accessory, 781 
external, deep, 789 
superficial, 790 
internal, 778 
branches, 779 
peculiarities, 781 
relations, 779 
pulmonary, left, 691 
right, 691 
trunk, 690 

applied anatomy, 691 
branches, 691 
development, 149 
in lungs, 1259 
orifice, 676 

surface anatomy, 1455 
surface anatomy, 1455 
radial, 749 
branches, 750 
collateral circulation, 757 
development, 152 
peculiarities, 745, 749, 750 
relations, 749, 750 
surface anatomy, 1432, 
1434 

radialis indicis, 751 
rectal, inferior, 770 
in anal canal, 1341 
middle, 777 
in rectum, 1341 
superior, 769 
in pelvic mesocolon, 1314 
in rectum, 1341 
recurrent, interosseous, 754 
of palmar arch, 752 
radial, 750 
tibial, anterior, 791 
posterior, 791 
ulnar, anterior, 753 
posterior, 753 
renal, 771, 1367 

applied anatomy, 1369 
branches, 771 
development, 150 
in hilum of kidney, 1363 
in kidney substance, 
1367 

peculiarities, 150 
surface anatomy, 1462 
accessory, 771 
interlobar, 1368 
interlobular, .1368 
left, 771 
right, 771 

retinae centralis, 722, 1176 
sacral, lateral, 782 

G.A. 
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Arteries, Named {co 7 it.) 
sacral, median (middle), 774 
saphenous, 792 
scapular, descending, 739 
transverse, 738 
scrotal, 779, 1388 
septal, 715 
sigmoid, 770 
somatic, 150 
spermatic, external, 784 
internal, 771, 1387 
sphenopalatine, 715 
spinal, anterior, 734 
posterior, 733 
of iliolumbar, 782 
of intercostal, 759 
of lateral sacral, 782 
of lumbar, 773 
of vertebral, 732 
splanchnic, 150 
splenic, 765 
branches, 766 
relation to lesser sac, 1311 
in spleen, 1424 
surface anatomy, 1462 
stapedial, 148 

sternomastoid, of occipital, 
710 

of superior thyroid, 705 
striate, 726 

hsemorrhage from, 1016 
stylomastoid, 710 
subclavian, 728 
aneurysm, 731 
applied anatomy, 731 
branches, 732 
collateralcirculation,732 
compression, 731 
development, 149 
peculiarities, 697 
surface anatomy, 1445, 
1447 

first part, left, 729 
in neck, 729 
in thorax, 729 
first part, right, 728 
relations, 729 
second part, 729 
relations, 729 
third part, 729 
relations, 729 
subcostal, 759 
sublingual, 707 
submental, 709 
subscapular, 743 
peculiarities, 744 
suprahyoid, 707 
supraorbital, 723 
suprarenal, 771 
in gland, 1418 
inferior, 771 
middle, 771 

development, 150 
superior, 772 
suprascapular, 738 
supratrochlear, of arm, 748 
of head, 724 
sural, 795 
tarsal, 798 
temporal, deep, 714 
middle, 712 
superficial, 711 

applied anatomy, 712 
branches, 711 
compression, 712 
in parotid gland, 1268 
relations, 711 
surface, 1439 
3a2 
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Arteries, Named {cont.) 
testicular, 771, 1387 
development, 150 
in spermatic cord, 1387 
in testis, 1383 
thoracic, alar, 744 
lateral, 743 

superior (suprema), 742 
thyrocervical trunk, 737 
thyroid, inferior, 737 
branches, 738 
peculiarities, 697, 703 
superior, 704 
applied anatomy, 706 
branches, 705 
peculiarities, 692, 703 
relations, 705 
thyroidea ima, 699 
peculiarities, 697 
tibial, anterior, 796 

applied anatomy, 796 
branches, 796 
development, 152 
peculiarities, 796 
relations, 796 
surface anatomy, 1472 
posterior, 799 
applied anatomy, 800 
branches, 800 
development, 152 
peculiarities, 800 
relations, 799 
surface anatomy, 1472 
posterior superficial, 152 
tonsillar, 709, 1293 
tubal, of ovarian, 772 
of uterine, 777 
tympanic, 1202 
anterior, 712 
inferior, 706 
posterior, 711 
superior, 713 
ulnar, 745 

branches, 745 
collateral circulation,757 
development, 152 
peculiarities, 745 
surface anatomy, 1434 
deep branch, 752 
ulnar collateral, inferior, 748 
superior, 747 
umbilical, 776 

changes at birth, 776 
development, 151 
in placenta, 80 
obliterated, 689, 1372 
relation to peritoneum, 
1309 

urethral, 781 
uterine, 777, 1402 
relation to ureter, 1399 
vaginal, 778 
vertebral, 732 
branches, 733 
collateral circulation, 727 
development, 149, 150 
peculiarities, 703 
relations, 732 
vesical, inferior, 777 
superior, 777 
of inferior gluteal, 781 
of obturator, 778 
zygomatic, 712 
Arterioles, 661 
rectae of kidneys, 1368 
of spleen, 1425 
Arthrology, xxxii, 425 
Articulations, 425. ;8ee Joints 
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Ascites, 844 
chylous, 851 

Association areas, 996 , 

Aster, of fertilisation, 51 
Asterion, 303, 329 
Atlas vertebra, 209 
development, 85 
dislocation, 445 
joints, 440, 443 
ossification, 225 
surface anatomy, 1446 
transverse process, 209, 210 
Atresia ani, 174 
pupillse, 128 

Atrium of heart, 135, 672 
development, 138 
nerves, 686 
septum, 672 
structure, 682 
systole, 686 
left, 677 
right, 672, 1149 
of lungs, 1259 

of middle meatus, 319, 1158 
Attachment of muscles, 520 
Auerbach’s plexus, 1332 
Auricle, of atrium, left, 672 
right, 672 

development, 138, 142 
of ear, 1190 
absence, 1194 
applied anatomy, 1194 
arteries, 1192 
cartilage, 1191 
development, 131 
lymph drainage, 852 
muscles, 100, 1191 
nerves, 1191, 1192 
skin, 1190 
structure, 1190 
supernumerary, 1194 
Auris. See Ear 
Autonomic nervous system, 
886, 1135 

Axial skeleton, 203 
Axilla, 740 
apex, 740 

applied anatomy, 686, 740 
base, 740 
contents, 740 
fascia, 740 
lymph glands, 858 
surface anatomy, 1427 
Axis, cylinder, 37, 40 
of lens, 1177 
optic, 1164 
of pelvis, 381 
Axis vertebra, 210 
development, 85 
joints, 440 

odontoid process, 210, 211 
ossification, 225 
surface anatomy, 1446 
Axon, 37, 40, 883, 884 
collaterals, 884 
cone of origin, 39, 884 
development, 108, 109, 110 
of Purkinje cells, 934 
of sympathetic cells, 1141 

Back, fascia, 646, 646 
muscles, 546 
nerves, 1087 
surface anatomy, 1449 
Band, of Baillarger, inner, 988, 
989 

outer, 988, 989 
in visuosensory area, 993 


Band, diagonal, of Broca, 986 
enamel, 1280 

furrowed, of cerebellum, 928 
moderator, 677, 684 
Banderella of Giacomini. See 
Gyrus, dentate, tail, 985 
Bar, costotransverse, 207, 208 
of seventh cervical, 213 
pericardial, 59 
Base of bladder, 1371 
of brain, 974 

of cerebral peduncles, 943 
of heart, 670 
of lung, 1253 
of prostate, 1391 
of sacrum, 218 
of skull, external, 255 
internal, 265 
of stapes, 1201 
of tongue, 1284 
Base-line of skuU, Reid’s, 1441 
Basement-membrane, 4, 14 
Basion, 328 
Bed of stomach, 1318 
Bellini, ducts, 1367 
Betz cells, 989, 991 
Bile duct. See Duct, bile 
Bladder, gall. See Gall bladder 
Bladder, urinary, 1371 
age changes, 1373 
applied anatomy, 1377 
arteries, 772, 1376 
development, 193 
extroversion, 198 
fasciculation, 1377 
in female, 1373 
interior, 1374 
ligaments, 1373 
lymphatic drainage, 873 
nerves, 1138, 1162, 1376 
peritoneal relations, 1371, 
1372 

structure, 1376 
trigone, 1374, 1376 
development, 193 
ureteric orifices, 1370, 1375 
veins, 837, 1376 
Blastocyst, 56 
Blastopore, 62 

comparative morphology, 65 
Blastula, 62 
Blood, 28 
circulation, 661 
foetal, 687 
clotting of, 30 
corpuscles, 28 
development, 132, 133 
ichthyoi(^ 133 
red, 28 
sauroid, 133 
white, 28 
islands, 133 
plastids, 133 
platelets, 30 

vessels. See Arteries, Veins 
Body, Bodies. See also Corpus 
amyloid of prostate, 1392 
anococcygeal, 1340 
aortic, 1416, 1416 
development, 126 
of axis, 211, 212 
of bones, long. See Shaft 
of Call and Exner, 1395 
carotid, 700, 1411, 1418 
development, 125, 1419 
nerves, 1419 
structure, 1419 
of caudate nucleus, 1012 


Body, Bodies (cont,) 

central, of animal cell, 2 
chromaffin, 125 
ciliary, 1169 
development, 129 
of clitoris, 1406 
coccygeal, 1148, 1411, 1419 
cortical, 1416 
of epididymis, 1381 
of fornix, 987 
of gall bladder, 1357 
geniculate, 953, 960 

development, 115, 953 
lateral, 960 

relation to optic tract, 
960 

medial, 953, 960 
Golgi, 2* 

of hyoid bone, 284 
of ischium, 375, 376 
Malpighian, of kidney, 1366 
of spleen, 1425 
of mandible, 277 
surface anatomy, 1442 
of maxilla, 316 
NTissl’s, 39, 883 * 
of pancreas, 1346 
paranephric, 1365 
paraterminal, 999 
of penis, 1389, 1392 
perineal, 576, 577, 1340, 1405 
in female, 1405 
in parturition, 576 
surface anatomy, 1465 
pineal, 953, 961 
[ development, 116, 962 
structure, 962 

pituitary. See Hjrpophysis 
cerebri 
polar, 47 

of pubis, 374, 375 
restiform. See Peduncle 
cerebellar, inferior 
of sphenoid bone, 265, 267, 
276, 289 

of sternum, 229, 231 
of stomach, 1318 
of talus, 410 
ultimobranchial, 160 
of uterus, 1398 
of vertebrae, 205 
development, 83 
vitreous, 1176 
development, 128 
Wolffian. hSee Mesonephros 
Body cavities, development, 180 
Body -stalk, 70, 73 
Bone, 18 

applied anatomy, 26 
areolae of, 24 
blood vessels, 19, 26 
canaliculi, 20, 21 
chemical composition, 22 
compact, 18 
descriptive terms, 205 
development, 22 
functions, 203 
growth, 22, 27 
histology, 20 
lamellae, 20 
lymphatic vessels, 20 
markings, 205 
nerves, 20 
ossification, 22 
physical properties, 18 
remodelljing of, 25 
spongy, 18 
structure, 18 
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Bone-cells, 21 
Bone-marrow, 12, 27 
Bones, covering, 90 
dermal, 90 
flat, 203 
irregular, 205 
long, 203 

sesamoid, 425. /See also 
Sesamoid bones 
short, 203 
sutural, 315 
carpal, 357 

surface anatomy, 1433 
cranial, 239, 285 
rider’s, 630 
of face, 316 
of foot, 407 

comparison 'vnth hand, 
422 

of hand, 357 

comparison with foot, 422 
of limbs, lower, 368 

surface anatomy, 1465 
upper, 332 

surface anatomy, 1427 
of metacarpus, 363 
of metatarsus, 417 
of pelvis, 218, 223, 368, 379 
of skull, 285,329 
surface anatomy, 1438 
of thorax, 229, 232, 238 
of vertebral column, 205 
Bones, individual. See under 
individual names 
Border, post-axial, of lower 
limb, 101, 1131 
of upper limb, 101, 1130 
pre-axial, of lower limb, 101, 
1131 

of upper limb, 101, 1130 
Bow, hypochordal, 84 
Brachium conjunctivum. See 
Peduncle, cerebellar, 
superior 

pontis. See Peduncle, cere- 
bellar, middle 

quadrigeminum inferius, 950 
superius, 950 

Brain, 957. See also Cerebrum 
arteries, 724, 725, 726, 727, 
735 

development, 60, 110 
growth, 123, 1016 
membranes, 1023 
myelination, 1022 
surface anatomy, 1440 
telencephalisation, 974 
veins, 813 
volume, 123 
weight, 1016 
Brain stem, 886 
Branchial cleft, 91, 97, 131 
fistula, 98 

Branchiomerism, 904 
Breast. See Gland, mammary 
Bregma, 244, 303, 328 
Brim of pelvis. See Inlet, of 
pelvis 

Broca’s area, 978 
Bronchiole, 1259, 1260 
Bronchus, 1243, 1259 

arteries, 697, 757, 759, 
1259 , 1260 
development, 179 
division, 1259 
nerves, 1138, 1260 
structure, 1259 
veins, 830, 1259 


INDEX 

Bronchus (cowt) 
eparterial, 1243, 1257 
hyparterial, 1243, 1257 
intrapulmonary, 1259 
left, 1243, 1257 
right, 1243, 1257 
Buds, limb, 100 
lung, 179, 180, 181 
taste, 1154, 1240, 1289 
Bulb or Bulbus — 
of aorta, 692 
cordis, 135, 142 
end, 1216 

of eye. See Eyeball 
of hair, 103 

of jugular vein, internal, 811 
of lateral ventricle, 1004 
olfactory, 971, 984 
development, 118 
evolution, 971 
structure, 995 
of penis, 1378, 1389 
artery, 779 
homologue, 197 
surface anatomy, 1464 
of urethra. S^ B. of penis 
of vestibule, 1409 
artery, 779 

Bulla ethmoidalis, 275, 277, 
309, 1158 

Bundle, Bundles. /See aZso Fas- 
ciculus and Tract 
association, 1015 
atrioventricidar, 384 , 685, 
687 

function, 685 
structure, 36 
ciliary, 527 

longitudinal, medial, 914, 
917, 924, 949 
connexions, 949 
functions, 949 
in medulla oblongata, 914, 
917 

in mid-brain, 946, 949 
in pons, 924, 925 
oval, of spinal cord, 106 
Bursa, infracardiaca, 175 
mucous. See B., synovial 
omental, 168, 174. See also 
Sac, peritoneal, lesser 
omenti majoris, 1311 
ovarica, 1394 
pharyngeal, 1291 
synovial, 426 
of acromion, 459 
of biceps brachii, 350 
femoris, 499 
of gastrocnemius, 499 
of glutei, 632, 633 
infrapatellar, deep, 498 , 
627 

subcutaneous, 449 
of infraspinatus, 591 
iiitertendinous tibial, 499 
ischial, 632 

around knee-joint, 498 
applied anatomy, 502 
of latissimus dorsi, 499 
of obturator intemus, 637 
of olecranon, 356 
of popliteus, 499 
prepatellar, 498, 502 
of psoas major, 621 
of quadratus femoris, 637 
of semimembranosus, 499 
around shoulder- joint, 459 
subacromial, 345, 459 


Bursa (conf.) 
synovial, subhyoid, 1231 
subscapular, 591 
suprapatellar, 493, 498, 
627 

surface anatomy, 1469 
of tendo calcaneus, 644 
of teres major, 593 
of trapezius, 336 
trochanteric, 637 
Buttock, arteries, 781, 782 
lymph vessels, 864 
muscles, 631 

nerves, 1087, 1118, 1120, 1127 
surface anatomy, 1469 
veins, 835 

Caecum, 1332 
anomalies, 174 
applied anatomy, 1342 
arteries, 769 
development, 169 
growth, 1333 
lymph glands, 867 
vessels, 870 

peritoneal recesses, 1314, 
1332 

structure, 1340 
surface anatomy, 1461 
Calcaneum, 407, 410 
homologue, 417 
ossification, 421 
surface anatomy, 1473 
sustentaculum tali, 412, 417 
Calcar avis, 975, 982, 1004 
development, 122 
femorale, 393, 394 
Calculus, biHaiy, 1359 
ureteric, 1370 
vesical, 1377 
Calf, 642 
Calvaria, 239 
Calyces, renal, 1364 
development, 186 
Calyculi, gustatory, 1154. See 
also Taste-buds 

Canal, adductor. See C., sub- 
sartorial 

alimentary. /9ee Tube, diges- 
tive 

allantoic, 71 
alveolar. See C., dental 
anal, 1340 

arteries, 777, 779, 1341 
development, 173, 174 
lymph vessels, 870 
mucous membrane, 1340 
nerves, 1127 
surface anatomy, 1464 
veins, 836, 1341 
atrial, 134 

carotid, 259, 260, 298, 299 
relation' to tympanic ca- 
vity, 1198 

central, of cochlea, 298 
of medulla oblongata, 905 
of spinal cord, 891, 893 
development, 105, 106 
cervical, of uterus, 1400 
condylar, anterior, 262, 263, 
287 

posterior, 262, 288 
craniopharyngeal, 88, 166, 
294 

dental, of mandible, 279 
of maxilla, 317, 318 
of epididymis, 1382 
development, 191 
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Canal (cont,) 

ethmoidal, anterior, 266, 307, 
308 

posterior, 265, 266, 307, 
308 

facial, 298 

development, 129 
facial nerve in, 1060 
in internal auditory mea- 
tus, 272 

in tympanic cavity, 1197 
femoral, 987 

relation to hernia, 1344 
gastric, 1320 
Haversian, 20 
hyaloid, 128, 1178 
development, 128 
hypoglossal. See C., condy- 
lar, posterior 
incisive, 274, 276 
of mandible, 279 
of maxilla, 320 
infraorbital, 248, 316, 317, 
318 

inguinal, 571 
contents, 1386 
development, 192 
relation to hernia, 1342, 
1343 

surface anatomy, 1459 
mandibular, 279 
mental, 279 
musculotubal, 299 
nasolacrimal, 247, 317 
formation, 276 
nephrostome, 184 
neurenteric, 58, 65 
of Nuck, 193 

palatine, greater, 255, 317, 

323 

palatinovaginal, 255, 293, 

324 

formation, 259 
pharyngeal. See 0., pala- 
tinovaginal 

for pharyngotympanic tube, 
258, 299 

pleuropericardial, 66, 181 
portal, 1356 

pterygoid, 255, 260, 269, 293 
pterygopalatine. See C., 
palatine, greater 
pudendal, 573, 577, 779 
pyloric, 1317 

reunions, 1207, 1208, 1210 
sacral, 220, 223 
semicircular, 1204, 1207 
lateral, 1205 
relation to tympanic an- 
trum, 1198 
posterior, 298, 1205 
superior, 268, 298, 1205 
in middle cranial fossa, 
268 

spiral, of modiolus, 1206 
subsartorial, 786 
surface anatomy, 1467 
for tensor tympani, 299, 1198 
uterovaginal, 1 90 
vertebral, 229 
vomerovaginal, 260, 314 
Canaliculus, biliary, 1357 
of bone, 20, 21 
for chorda tympani, anter- 
ior, 296, 1196, 1203 
posterior, 1196, 1203 
cochlear, 263, 272, 299 
dental, 1276, 1281 


Canaliculus 

innominatus, 291, 1203 
lacrimal, 1188 
development, 129 
mastoid, 254, 263, 299 
for tympanic nerve, 263, 
299 

Cap, metanephrogenic, 185 
Capillaries, 661, 664 
structure, 664 
bile, 1357 
pulmonary, 1259 
renal, intertubular, 1368 
Capitate bone, 357, 362 
homology, 417 
ossification, 366 
Capitulum of humerus, '343, 
346 

Capsule, articular, 427. See 
Ligaments, capsular 
auditory, 88, 129 
chondrification, 88 
of Bowman. See C., glomer- 
ular^ 

external, of cerebrum, 1012, 

1014 

of Glisson. See C., hepato- 
biliary 

glomerular, 1366, 1367 
hepato-biliary, 13J'2, 1355 
internal, of cerebrum, 1009, 
1010 

applied anatomy, 1016 
arteries, 726, 727 
relation to corpus stria- 
tum, 1010, 1011 
of kidney, 1365 
of lens, 1177 
of lymph glands, 846 
nasal, 89, 310 
otic, 88, 129 
of prostate, 1392 
“ of spleen, 1423 
of thymus, 1420 
of thyroid gland, 538 
vascular, of lens, 127 
Caput caecum coli, 1333 
Carpus, 203, 357, 360 
bones, 357 to 367 
comparison with tarsus, 422 
homologues, 416 
joints, 473 
movements, 475 
surface anatomy, 1433 
Cartilage, 15 

articular, 427 
cellular, 15 

chemical composition, 18 
elastic, fibre-, 18 
epiphyseal, 24 
hyaline, 16 
matrix of, 16 
white fibro-, 17 
alar. See C., nasal 
arytenoid, 1229 
development, 99, 180 
movements, 1231, 1235, 
1239 

ossification, 1230 
structure, 1230 
of auditory meatus, 1193 
of auricle, 1190, 1191 
of bronchi, 1259 
comiculate, 1229 
development, 180 
structure, 1230 
costal, 237 
joints, 445, 447, 449 


Cartilage (cont) 
cost^, ossification, 239 
structure, 17 
surface anatomy, 1453 
cricoid, 1228 

development, 99, 180 
joints, 1230 
ossification, 1230 
structure, 1230 
surface anatomy, 1444 
cuneiform, 1229 
development, 180 
structure, 1230 
epiglottic, 1229 
development, 164 
structure, 1230 
of hyoid arch, 99 
intrathyroid, 1228 
of larynx, 1226 
development, 99 
of mandibular arch (Mec- 
kel’s), 99, 281 
nasal, alar, 1156 
lower, 1156 
septal, 1155 
upper, 1155 

paraseptal, 89, 90, 314, 
315 

of pharyngotympanic tube, 
1198 

semilunar, 427, 494, 497, 501 
injury, 502 

in knee movements, 501 
surface anatomy, 1469 
lateral, 496, 498 
medial, 496, 497 
sub vomerine, 1159 
thyroid, 1227 

development, 99, 180 
joints, 1230 
ossification, 1230 
structure, 1230 
surface anatomy, 1444 
of trachea, 1243, 1244 
triradiate, of acetabulum, 
379 

triticea, 1232 

Carunculse hymenales, 1407 
lacrimales, 1184, 1187 
development, 129 
Cauda equina, 888, 1084 
“ Caudal,” xxxii 
Cavity. See also Space 
of abdomen, 1302 
amniotic, 73 
body, development, 180 
cranial, 263 
glenoid, 333, 336 
joint, 427 

of larynx, 1233, 1234, 1235 
magma, 55 
medullary, 19, 203 
nasal, 1155, 1157. See also 
Nose 

of olfactory bulb, 995, 996 
pelvic, 379, 1302 
measurements, 379, 381 
pericardial, 667 

development, 69, 134, 180 
peritoneal, 1305 
development, 184 
pleural, 1245 

development, 181 
of septum lucidum, 1002 
subarachnoid. See Space, 
subarachnoid 
I subdural, 1026 
1 thoracic, 666 
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Cavity {cont.) 
tympanic, 1194 

applied anatomy, 1203 
arteries, 706, 711, 712, 
713, 1202 
development, 130 
mucous membrane, 1202 
muscles, 100, 1201 
nerves, 1069, 1137, 1203 
ossicles, 99, 131, 1194,1200 
veins, 1203 

walls, 1195, 1197, 1198 
of uterus, 1400 
of vagina, 1404 

Cavum oris, 1261. See also 
Mouth 

trigeminale, 819, 1024, 1043 
CELLS— 
air, mastoid, 297 
development, 298 
mucous membrane, 1202 
alveolar, of mammary gland, 
1408 

amacrine, of retina, 1174 
animal, 1, 2 
arborescent, 37 
of areolar tissue, 8 
basal, of skin, 1219 
basket, of cerebellum, 935 
bipolar, of retina, 1174 
of spiral ganglion, 1215 
of vestibular ganglion, 
1214 

blood, 27, 28 
bone, 21 

of Cajal, 988, 993 
cartilage, 15, 16, 17, 182 
central, of stomach, 132 
centro-acinar, 1348 
chalice, 5 

chief, of stomach, 1322 
chromaffin, 124, 1418, 1419 
of Claudius, 1213 
of connective tissue, 8 
of corpus luteum, 1396 
cortical, of cerebellum, 933 
of cerebrum, 988, 989 
decidual, 78 
definition of, 1 
of Deiters, 1212, 1213 
differentiation, 43 
of Dogiel, 1085 
enamel, 1279, 1280 
endothelial, 664 
ependymal, 105 
epithelial, 4 
fat, 9 

ganglion, of retina, 1173 
development, 125 
germ, primary, 1, 43, 49 
giant, of Betz, 989, 991 
goblet, 5, 1321, 1327, 1341 
of Golgi, 894, 988, 989, 990, 
997 

granular, of cerebellum, 935 
of cerebrum, 989 
granule, of areolar tissue, 9 
growth, 43 
gustatory, 1154 
hair, of membranous laby- 
rinth, 1209, 1213 
of spiral organ, 1212 
of Hensen, 1212, 1213 
horizontal, of retina, 1174 
hyaline, of blood, 29 
ichthyoid, 133 
interstitial, of ovary, 1394 
of testis, 191, 1382 


Cells (cont,) 
of KoUiker, 1332 
of Kupffer, 31, 1356 
lamellar, 8 
liver, 1355 
lutein, 1396 
marrow, 27 

of Martinotti, 989, 997 
nerve, 37, 883 
basket, 935 
of Betz, 989, 991 
bipolar, 38, 108, 1174, 
1214, 1215 
of Cajal, 988, 993 
in cortex, cerebellar, 935 
cerebral, 988, 989, 993 
of Bogiel, 1085 
fusiform, of cortex, 989 
ganglion, 903, 1035 
of Golgi, 894, 988, 989, 
990, 997 

granular, of cerebellum, 
935 

of Martinotti, 989, 997 
mitral, 984, 996 
motor, of cerebral cortex, 
989, 991, 993 
of spinal cord, 893, 894 
multipolar, 38 
of Purkinje, 934, 935 
pyramidal, 989, 991, 993, 
994 

of hippocampus, 987 
solitary, of Meyneri, 993 
of spinal cord, 893 to 897 
sympathetic, 1139 
development, 124 
unipolar, 38 
neuroglia, 37 
development, 105 
neutrophil, of parathyroid, 
1415 

odontoblast, 1276, 1280 
olfactory, 984, 1160 
development, 125 
oxyntic, 1323 

oxyphil, of parathyroid, 1415 
pallisade, 1415 
of pancreas, 1349 
paralutein, 1396 
parietal, of stomach, 1323 
pi^ent, 9, 13 
in ciliary body, 1169 
in iris, 1171 
in retina, 1172 
in skin, 1219 
pineal, 962 

plasma, of Waldeyer, 9 
prickle, of skin, 6, 1220 
primitive mesamceboid, 133 
principal, of parathyroid, 
1415 

Purkinje, of cerebellum, 934, 

935 

of retina, 1173 
of Rouget, 664 
sauroid, 133 
sensory, 880 
of Sertoli, 1382 
sex, primary, 44, 49 
ditferentiation, 192 
spider, 37 
splenic, 1423 

supporting, of Deiters, 1212, 
1213 

of Hensen, 1212, 1213 
of membranous labyrinth, 
1209 


Cells (cont.) 

supporting, of nasal mucosa, 
1160 

of taste-buds, 1154 
of testis, 1383 
sympathochromaffin, 108, 
124 

tendon, 11 

wandering, of areolar tissue, 9 
Cell-body, 1 

Cell-groups, chromaffin, 124, 
1418, 1419 

CeU-islets of pancreas, 1348 
Cell mass, inner, 53 
intermediate, 61, 65, 183, 184 
Cement, 1276, 1277 
formation, 1281 
Central point of perineum. See 
Body, perineal . 

Centres, auditory, higher, 995 
surface anatomy, 1440 
lower, 951 
motor, 992 

surface anatomy, 1440 
of ossification, 23, 25 
primary, 23 
secondary, 25 
respiratory, 905, 917 
sensory, 993 
surface anatomy, 1440 
somesthetio, 993 
sympathetic, 964, 1138 
of taste, 964, 972 
vasomotor, 964 
visual, higher, 993, 1039 
surface anatomy, 1440 
lower, 952, 960, 968, 1039 
Centriole, 2, 46 
Centrosome, 2 
absence in nerve cell, 884 
of ovum, 46 
of spermatozoon, 48 
Centrum of vertebra, 84, 224 
“ Cephalic,” xxxii 
Cerebellum, 734, 735, 926, 929 
arteries, 734, 735 
coimexions, 1020 
cortex, 933 

development, 113, 926, 929 
fissures, 927 
flocculus, 928 
functions, 937 
lobes, 927 
neo-, 929, 937 
nodule, 927, 928 
palaeo-, 928, 937 
peduncles, inferior, 909, 919, 
932 

middle, 919, 932 
superior, 925, 931, 938, 945 
decussation, 944 
structure, 930 
subdivisions, 927 
substance, grey, 933 
white, 930 

surface anatomy, 1440 
tonsil, 928 

tracts, summary, 1020 
veins, 814 
vermis, 926, 938 
Cerebrospinal nervous system, 
886 

Cerebrum, 886, 974. See also 
Brain and Hemisphere, 
cerebral 

arteries, 724, 725, 726, 727, 
735 

commissures, 998 
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Cerebrum (cont.) 
cortex, 988 

development, 60, 115, 117 
surface anatomy, 1440 
veins, 813 
Cerumen, 1194 
Cervix uteri, 1399, 1465 
structure, 1402 
supravaginal part, 1399 
vaginal part, 1399 
Chamber, of eye, anterior, 
1167, 1170 
development, 129 
posterior, 1170, 1176 
sinuatrial, 134 

Characters, sexual, of pelvis, 381 
of sacrum, 223 
of skull, 328 
Cheeks, 1263 
prominence of, 246 
structure, 1263 
surface anatomy, 1442 ' 
Chest. /See Thorax 
Chiasma, optic, 965, 967, 1039 
development, 117, 126, 1039 
fibres, 967, 1039 
Choanse. See Apertures, nasal, 
posterior 

Chondrifieation of auditory 
capsule, 88 
of skull, 86, 87,. 90 
of vertebral column , 84 
Chondrin, 18 
Chondriosome, 2 
Chondrocranium, 86, 87, 90 
at birth, 90 
Chondromucoid, 18 
Chorda tympani. See Nerve, 
chorda tympani i 

Chordae tendinese, 146, 676 
Chorion, 56, 79 
frondosum, 80 
Iseve, 79 

Choroid, of eye, 1168 
arteries, 722, 723, 1171, 1178 
development, 129 
structure, 1168 
Chromatids, 2, 3 
Chromatin, 2 

Chromatolysis, 39, 886, 898 
Chromosomes, 2, 46, 49, 53 
conjugation, 46 
daughter, 3 . . 

number, 2, 47 
of ovum, 46 

r61e in sex determination, 53 
of spermatozoon, 49 
Chyle, 845 
CHia, 6 

Cingulum, of cerebrum, 1006, 

1007 

of teeth, 1273 
Circulation, of blood, 661 
collateral, 690 
development, 72 
foetal, 607 
placental, 80, 82 
portal, 661 

pulmonary, 661, 1259 
systemic, 661 
connexion -with portal 
system, 844, 1341 
of cerebrospinal fluid, 1029 
Circulus arteriosus (of WilHs). 
727 

of iris, major and minor, 
723, 1171 

venosus mammae, 1409 


Circumduction at joints, 430 
Cistema chyK, 849 
development, 161 
tributaries, 850 
periotic, 130 
subarachnoid, 1027 
cerebellomedullaris, 1027 
chiasmatis, 1027 
interpeduncularis, 1027 
of lateral sulcus, 1028 
pontis, 1027 

venae magnae cerebri, 1028 
Cla/smatocytes, 9, 31 
Classification of bones, 203 
of cranial nerves, 1081 
of joiats, 425 
of skulls, 328, 329 
Claustrum, 1012, 1014 
Clavicle, 338* 
applied anatomy, 340 
dislocation, 463, 454 
fracture, 340 
functions, 338 
homologues, 340 
movements, 454 
ossification, 340 
sex differences, 339 
structure, 340 

surface anatomy, 1427, 1444 
Cleft, branchial, 91, 97, 131 
hyomandibular, 131 
intratonsillar, 1292 
development, 165 
natal, 1469 
pudendal, 1465 
visceral, 91, 97, 131 
Clitoris, 1406 
arteries, 781i 790 
development, 197 
lymph drainage, 871 
nerves, 1128 
veins, 835 

Clivus of sphenoid bone, 270, 
290 

Cloaca, 70, 171, 172 
anomalies^ 174, 198 
derivatives, 198 
ectodermal, 172 
entodermal, 171 
extroversion, 198 
membrane, 70, 71 
parts, 171 

Coarctation of aorta, 760 
Coats. See also Tunica 
of eye, fibrous, 1164 
nervous, 1164, 3172 
vascular, 1164, 3168 
of hair, inner, 1225 
outer, 1224 
Coccyx, 223, 224 
movements, 440 
ossification, 227 
surface anatomy, 1464 
Cochlea, 1202, 1205, 1209 
aqueduct, 299 
canal, central, 298, 1206 
canaliculus, 263, 272, 299 
development, 129 
duct, 129, 1209 
nerve, 298, 1214 
osseous, 1206 
relation to tympanic 
cavity, 1197 

Coelom, extra-embryonic, 55, 
67,73,74, 180 
in umbilical cord, 74 
intra-embryonic, 65, 66, 74, 


Cohnheim’s areas, 33 
Collagen, 12 
Collar, renal, 157 
Colliculus facialis, 941 
superior and inferior. See 
Corpora, quadxigemina 
seminalis, 1377 
Coloboma, congenital, 126 
Colon, 1331, 1834 
abnormalities, 174 
applied anatomy, 1842 
arteries, 341, 769, 770, 771. 

1341 

development, 170 
lymph drainage, 868, 870, 

1342 

nerves, 1152, 1336 
peritoneum, 1305, 1318, 
1336 

structure, 1340, 1342 
veins, 842, 1341 
ascending, 1335 
development, 170 
peritoneum, 1335 
surface anatomy, 1461 
descending, 1336 
development, 170 
peritoneum, 1336 
surface anatomy, 1461 
flexures, left, 1335, 1336 
right, 1335 
iliac, 1336 
pelvic, 1332, 1337 
peritoneum, 1305, 1312 
transverse, 1332, 1336 
development, 170 
peritoneum, 131S, 1336 
surface anatomy, 1461 
Colunm, Columns-— 
anal, 1340 

of fornix, anterior, 987, 1001 
posterior, 987, 1001 
muscle, 33 
rectal. See C., anal 
renal, 1365 
somatic, afferent, 112 
efferent, 112 
of spinal cord, 894 
anterior, 894, 898 
development, 891, 896, 
899 

lateral, 891, 896, 999 
development, 106 
posterior, 890, 897, 901 
development, 106 
of vagina, 1406 
vertebral, 205 
applied anatomy, 445 
as a whole, 227 
blastemal, 83 
cartilaginous, 84 
chondrifieation, 84 
curves, 227 
development, 83 
function, 205 
joints, 434 
length, 227 
membranous, 59 
mesenchymal, 83 
movements, 229, 1438 
osseous, 85 
ossification, 224 
surface anatomy, 1446, 
1449, 1452 
veins, 830 

visceral, afferent, 112 
efferent. 111 
Columha nasi, 1155 
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Conunissures, of 1)1310, 998. 
See also Coipiis callo- 
sum 

anterior, 972, 998, 1001 
of cerebrum, 998 
development, 120, 998 
of Gudden, 967, 968, 
1039 

habenular, 953, 961 
hippocampal, 972, 987, 

1001 

development, 120, 998 
of neopallium, 999 
posterior, 953, 962 
development, 116 
of rhinencephalon, 998 
bulborum, 1407 
of lips, 1263 
of spinal cord, 892, 893 
of v^va, 1405, 1406 
Components, of cranial nerves, 
1081 

of nervous system, somatic, 
882 

splanchnic, 882 
of spinal nerves, 1084 , 
Concha, of auricle, 1190 
nasal, inferior, 274, 277, 
310 

development, 90 
ossification, 311 
^ middle, 274, 277, 309 
development^ 90 
superior, 275, 277, 309 
* development, 90 
sphenoidal, 286, 293 . . 

in nose, 276 
ossification, 289 
Condyles, of femur, 390, 391, 
392 

in knee movements, 501 
surface anatomy, 1446, 
1447 

of mandible, 279, 280 
occipital, 262, 287 
of tibia, 396, 397 
surface anatomy, 1467 
Cone, Cones — 
bifurcation, 884 
implantation, 884 
of origin, 39, 884 
of retina, 1174, 1175 
bipolar, 1174 
development, 125 
granules, 1174 
Confiuence of sinuses, 816 
development, 160 
Conjugation of chromosomes, 

46 

Conjunctiva, 1186 
applied anatomy, 1190 
arteries, 722, 723 
development, 129 
lymph drainage, 853 
nerves, 1187 
Connective tissues, 7 
Connexus interthalamicus, 955, 
971 

development, 115 
Constrictions, of oesophagus, 
1300 

pyloric, 1316 
of ureter, 186 

Contraction of muscles, 34, 59, 
520 

Control, idiodynamic, 895 
Conus arteriosus. See Infundi- 
bulum, of heart 


Conus elasticus. Membrane, 
cricovocal 
medullaris, 887 
Convolutions. See Cyri 
Copula (of His), 164 
Cor. See Heart 
Cord, Cords — 

of brachial plexus, 1093, 
1094 

branches, 1095 
genital, 185, 190 
medullary, of ovary, 192 
nephrogenic, 65, 184, 185 
oblique, 469 
spermatic, 1386 
arteries, 771, 777, 784, 
1387 

coverings, 1386 
hydrocele of, 193, 1384 
nerves, 1113, 1387 
relation to hernia, 1342, 
1343 

surface anatomy, 1457 
torsion, 1384 
veins, 839, 1387 
spinal, 887 

applied anatomy, 1022 
arteries, 733, 7M 
central canal, 891, 893 
columns, grey, anterior, 
894 

lateral, 896 
posterior, 897 
white, anterior, 898 
lateral, 891, 899 
posterior, 890, 901 
development, 60, 105, 
891 

enlargements, 890 
functions, 895 
grey matter, 892 
length, 107 

meninges, 886, 888, 1023, 
1026, 1030 
myehnation, 1022 
segmental origin, 889, 
904 

structure, 892 
surface anatomy, 1451 
tracts, 898 to 903 
ascending, 1018, 1021 
descending, 1018 
upward migration, 107, 
888 

variations, 887 
veins, 831 
white matter, 897 
of testis, 190, 191 
umbilical, 73 
at birth, 689 
development, 73 
length, 74 

placental attachment, 82 
structure, 74 
vocal. See Folds, vocal 
Corium of skin, 1219, 1221 
development, 103 
structure, 1221 
of tongue, 1289 
Cornea, 1166 
development, 129 
nerve endings, 1216 
structure, 1167 
vessels and nerves, 1167 
Cornua. See also Homs 
coccygeal, 223, 224 
of hyoid bone, 284, 285 
of lateral ventricle, 219 


Cornua (cont.) 
sacral, 219 

of saphenous opening, 624 
of spinal cord, 892 
of thyroid cartilage, 1227, 
1228 

Corona, of glans penis, 1390 
radiata, of brain, 1009 
of ovum, 45, 49 
Corpus, Corpora. See also 
Body 

amylacea, 1392 
bigemina, 952 
development, 115 
caUosum, 974, 980 
development, 120, 974, 
980, 999 
fibres, 1001 
genu, 981, 999, 1000 
rostrum, 981, 999, 1000 
splenium, 981, 999, 1000 
trunk, 981, 999 
cavemosum clitoiidis, 1406 
penis, 1388, 1390 
arteries, 781, 790, 1390 
fibrous envelope, 1389, 
1390 

nerves, 1128, 1391 
structure, 1390 
veins, 837, 1390 
urethrae. See C., spongio- 
sum penis, 1389 
luteum, 1396 
mamillare, 963 
development, 116 
function, 963 
quadrigeminum, 943, 949 
connexions, 951, 952 
development, 115 
structure, 950 
inferior, 950 
coimexions, 951 
superior, 950 
connexions, 952 
spongiosum penis, 1389, 1390) 
arteries, 781 
fibrous envelope, 1390 
homologue, 197, 1406 
nerves, 1128, 1391 
structure, 1390 
urethra in, 1380 
veins, 837, 1390 
striatum, 1011 
arteries, 724, 725, 726, 787; 
735 

connexions, 1012 
development, 118, 121, 

1011 

evolution,. 1013 
function, 1013 
structure, 1012 
trapezoideum, 922, 924, 1066 
nuclei, 922, 923 
vestibular fibres, 1065 
Corpuscles, blood, 28 

development, 132, 133 
bone, 20, 21 
bulbous, 1216 
colostrum, 1409 
concentric, of thymus, 1420 
development, 165 
comeal, 1166 
genital, 1216 
lamellated, 1216 
arteries, 664 
oval, 1217 

. Pacinian. See C,, lamellated 
renal, 1366 
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Corpuscles (cont.) 

of Ruffini. See C., oval 
salivary, 1293 
tactile, 1032 

Cortex of cerebellum, 933 
structure, 934 
of cerebrum, 988 
areas, 991 
depth, 988 

development, 115, 117 
gyri and sulci, 975 
layers, 988, 989 
in foetus, 988 
structure, 988 
of hair, 1224 
of kidney, 1365 
of lens, 1177 
of lymph gland, 846 
of suprarenal glands, 1416, 
1418 

development, 125 
Cortex, of thymus, 1420 
Corti, organ, 1210, 1212 
rods, 1212 
tunnel, 1212 

Coverings of spermatic cord, 
1386 

of hernia, 1342, 1343, 1344 
of ovum, 46 
Craniology, 328 
Cranium, 239. See also Skull 
bones, 329 
development, 86 
measurements, 328 
Crescents of Giannuzzi, 1271 
grey, 53 

Crest or Crista — 
ampullaris, 1208 
arcuate, of arytenoid cart- 
ilage, 1220 

basilaris of cochlea, 1210 
conchal, of maxilla, 310, 317 
of palatine bone, 310, 323 
ethmoidal, of maxilla, 319 
of palatine bone, 323 
of fibula, medial, 404, 405 
frontal, 264, 265, 266, 305 
gaUi, 265, 266, 307 
ganglion, 108, 124 
of ilium, 368, 370 
morphology, 368 
surface anatomy, 1449, 
1450, 1469 
incisor, 320 

infratemporal, 259, 291 
infundibulopelvic, 675 
inf undibulo ventricular, 675 
intertrochanteric. See C., 
trochanteric 
lacrimal, 249, 312 
of maxilla, 319 
nasal, of ma^a, 320 
of palatine bone, 323 
neural, 108, 124 
obturator, 374, 375 
occipital, external, 262, 285 
internal, 271, 272, 285 
palatine, 256, 257, 322 
pubic, 374, 375 
surface anatomy, 1457 
quarta, of semicirciilar ducts, 
1209 

of rib, 233, 234, 236 
sacral. See Tubercles of sac- 
rum 

sphenoidal, 276, 290, 293 
of spine of scapula, 334, 336 
surface anatomy, 1428 
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Crest or Crista {cont.) 
supinator, 354, 355 
supramastoid, 251, 294 
surface anatomy, 1439 
terminalis, of heart, 672, 673, 
675 

development, 137 
transverse, of internal audi- 
tory meatus, 272, 298 
of trapezium, 357, 361 
surface anatomy, 1433 
trochanteric, 384, 385, 387 
tympanic, 301 
urethral, 1377 
in female, 1379 
vestibular, 1204 
Cricoid cartilage. See Cartilage, 
cricoid 

Crown of teeth, 1272, 1273, 
1274, 1275 
Crus, Crura — 
of clitoris, 1407 
commune, 1205, 1207 
of diaphragm, 555, 557 
development, 183 
of fornix. See Columns, of 
fornix, posterior 
of helix, 11^ 

of inguinal ring, superficial, 
562 

of penis, 1388 

Crypts of Lieberkuhn. See 
Glands, intestinal 
of tonsil. See Pits, of tonsil ’ 
Cuboid bone, 407, 416 
homology, 417 
ossification, 421 
in tarsus, 41)7 

Cumulus 0 various, 45, 1395 
Cuneiform bones, 414 
homologies, 417 
ossification, 421 
surface anatomy, 1473 
intermediate, 415, 417 
lateral, 415, 417 
medial, 414, 417 
Cuneus, 983 
Cup, optic, 125 

Cupola of cochlea, 1205, 1206 
of pleura. See Pleura, cervi- 
cal 

Curvatures, of rectum, 1338 
of stomach, 1316 
surface anatomy, 1459 
of vertebral column, 227 
Cushions, endocardial, 138 
atrioventricular, 144, 145 
bulbar, 143 

Cusps of valves of heart, 674, 
676, 680 

Cuticle of hair, 1224 
of skin, 850, 1219 
of teeth, 1280 
Cutis vera, 1219 
Cuvier, ducts of. See Duct of 
Cuvier 

Cycle, cardiac, 686 
Cylinders, hepatic, 177 
C^^stoscope, 1377 
Cysts, branchial, 98 ‘ 
of kidney, 186 
thyroglossal, 165 
Cyton, 39, 883 
Cytoplasm, 1, 46 . 
C^toreticulum, 1, 2 
Cytotrophoblast, 53, 77 

Dacryon, 329 


Dartos muscle, 559, 1387 
Decidua, 78, 80 
basalis, 78 
capsularis, 78 
parietahs, 78 

Decussation of superior cere- 
bellar peduncles, 944 
of optic tracts, 967, 968. 
1039 

of pyramids, 906, 907, 911, 
1018 

of rubrospinal tracts, 948, 

1018 

sensory, 912, 1081 
of trochlear nerve, 1042 
“ Deep,” xxxii 

Degeneration (WaUerian) of 
nerve fibres, 42, 898 
Deglutition, mechanism, 1299 
Demilunes of Heidenhain, 1271 
Dendrites, 37, 883, 884, 1139 
Dens. See Process, odontoid 
Dentine, 1276 
chemical composition, 1277 
formation, 1280 
Dentition, 1271. See also 
Teeth 

Descent of ovary, 193 
of testis, 192 
anomalies, 192 
relation to hernia, 1343 
Determination of sex, 53 
Deutoplasm, 46, 63 
formation, 47 
Deutoplasmolysis, 52 
DEVELOPMENT— 
of abducent nerve, 111, 113, 
123 

of accessory nerve, 93, 123 
of alar lamina, 106, 111, 112, 
114 

of allantois, 71, 73 
of .alveolar periosteum, 1281 
of amnion, 73 
of anal canal, 173 
of angioblast, 132, 133 
of antihelix, 132 
of antitragus, 132 
of aorta, 98, 147 
of aortic arches, 98, 134, 148, 
149 

sac, 147 
valves, 146 
vestibule, 145 
of appendix testis, 190 
vermiformis, 169 
of aqueduct of mid-brain, 1 14 
of arachnoid mater, 124 
of arohipalLium, 119 
of arteria centralis retinse, 128 
profunda cervicis, 150 
of arteries, 134 
of limbs, 162 
of articular capsules, 102 
discs, 102 

of aryepiglottic folds, 180 
of arytenoid cartilages, 99, 
180 

swellings, 168, 180 
of ascendSng cervical artery, 
151 

of atlas vertebra, 85 
of atria of heart, 138 
of atrioventricular valves, 
146 

of auditory capsules, 87, 88 
meatus, external, 131 
nerve, 132 
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Development (conL) 
of auditory ossicles, 99, 131 
vesicle, 129 
of auricle of ear, 131 
of autonomic nervous sys- 
tem, 124 

of axillary artery, 152 
of axis artery, 152 
of azygos vein, 158 
of basal lamina, 106, 111, 
114, 891, 910 
of bile duct, 177 
of bladder, urinary, 193 
of blood corpuscles, 132, 133 
of body cavities, 180 
of bone, 22 

of brachial artery, 152 
of brain, 110 

of branchial arches, 91, 92 
of bronchi, 180 
of bulbo-urethral glands, 194 
of bulbus cordis, 142 
of caecum, 169 
of calyces, 186 
of cardinal veins, 155, 158 
of carotid arteries, 148, 149 
bodies, 1419 
of cartilage, 15 
of larynx, 99, 180 
of pharyngotympanio 
tube, 131, 167 
of caruncula lacrimaHs, 129 
of caudate nucleus, 121 
of cavernous sinus, 160 
of cement of teeth, 1281 
of centrum of vertebrae, 85 
of cephalic vein, 160 
of cerebellum, 113, 926, 929 
of cerebral hemispheres, 115, 
117 

peduncles, 114 
of cerebrum, 115, 117 
of chorion, 79 
of choroid.of eye, 129 
of choroid plexus, 118 
of choroidal fissure, 118, 125 
of chromaffin organs, 124 
of ciliary bodies, 129 
ganglion, 124 
muscle, 129 
processes, 129 
of cisterna chyli, 161 
of clitoris, -197 
of cloaca, 71, 171 
of cochlea, 129 
of coeliac artery, 150 
of ccelom, intra-embryonic, 
66 

of colon, 170 

of commissures of brain, 120, 
998 

of conchas of nose, 90 
of conjunctiva, 129 
of connective tissue, 14 
of connexus interthalamicus, 
115 

of corium of skin, 103 
of cornea, 129 

of corniculate cartilages, 1 80 
of coronary ligaments of 
liver, 177 
sinus, 137 

of corpora mamillaria, 116 
quadrigemina, 115 
of corpus callosum, 121, 981 
striatum, 118, 121 
of corpuscles of blood, 132, 
133 


Development (cont.) 
of cranial nerves, 123 
of craniopharyngeal canal, 
166 

of cranium, 86 
of cricoid cartilage, 99, 180 
of crura of diaphragm, 183 
of cuneiform cartilage, 180 
of cutis vera, 103 
of cystic duct, 177 
of decidua, 78 
of deep cervical artery, 150 
of dentate gyrus, 120, 986 
of dentine, 1280 
of diaphragm, 183 
of diencephalon, 115 
of digastric muscle, 100 
of digestive system, 162 
of digits, 102 

of ducts of Cuvier, 135, 136, 
155, 158 

of ductus arteriosus, 98, 149 
endolymphaticus, 129, 298 
reunions, 129, 298 
venosus, 154 

of duodenum, 168, 169, 170 
of dura mater, 124 
of ear, 129 

of ectodermal vesicle, 54 
of efferent ducts of testis, 
185, 191 

of ejaculatory duct, 185 
of embryo, 68 
of embryonic area, 57 
of enamel, 1280 
of endocardial cushions, 138, 
145 

of entodermal vesicles, 55, 62 
of epidermis, 103 
of epididymis, 185, 191 
of epigastric arteries, 149, 
151 

of epiglottis, 99, 164, 180 
of epithalamus, 116 
of epoophoron, 185 
of ethmoid bone, 87, 90 
of external auditory meatus, 
131 

of eye, 125 
of eyelids, 129 
of face, 92 
of facial muscles, 98 
nerve, 93,. 98, 123 
of falciform ligament, 177 
of fat, 9 

of femoral artery, 152 
of filum terminale, 108 
of fingers, 102 
of flocculus, 928 
of foramen caecum of tongue, 
164 

ovale of heart, 140, 141 
of fore-brain, 115 
of fore-gut, 69, 126, 168 
of fornix of brain, 120 
of frontal bone, 90 
of gall bladder, 177 
of ganglia of nerves, 124, 132 
of gastric arteries, 150 
of gastrosplenic ligaments, 
177, 179 

of geniculate bodies, 115, 959 
of genital organs, 190, 194 
of glossopharyngeal nerve, 
93, 123 
of glottis, 180 
of gluteal arteries, 152 
of grey matter, 105 


Development (cont,) 
of gums, 1282 
of gut, 168 
of hair, 103 
of head process, 58 
of heart, 134 
of helicotrema, 130 
of hemiazygos veins, 158 
of hepatic circulation, 153, 
154 

of hind-brain, 110 
of hind-gut, 71 
of hippocampal formation, 
119, 987, 997 

of hyaloid artery, 125, 127, 
128 

canal, 128 
of hymen, 190 
of hyoid arch, 91 
bone, 99 

of hypobranchial eminence, 
164 

of hypochordal bow, 84 
of hypoglossal nerve, 97, 103, 
123 

of hypophysis cerebri, 117, 
166, 954 

of hypothalamus, 116, 117 
of ileum, 170 
of iliac arteries, 152 
veins, 155 
of incus, 99, 131 
of innominate artery, 147 
veins, 158 
of insula, 121 
of intercostal arteries, 150 
muscles, 103 
veins, 158 

of internal mammary ar- 
teries, 149, 151 
of interosseous arteries, 152 
of intersegmental arteries, 
150 

of interventricular foramen, 
115 

of intestine, large, 170 
small, 170 

of intratonsillar cleft, 165 
of iris, 129 
of jejimum, 170 
of j oints, 102 
of jugular veins, 160 
of kidney, 184, 185 
of labia pudendi, 197 
of labj^inth of ear, 129 
of lacrimal gland, 129 
sac, 129 

of lamina terminalis, 115, 
117, 955, 968 
of larynx, 99, 179 
of lateral cerebral sulcus, 121 
of lens, 127 

of lentiform nucleus, 121 
of lesser omentum, 177 
of lesser sac of peritoneum, 
168, 174, 177 
of leucocytes, 132, 133 
of lienorenal ligaments, 177, 
179 

of ligaments, 102 
of ligamentum arteriosumj 
98, 149 

of left vena cava, 158 
teres hepatis, 689 
teres uteri, 193 
venosum, 689 
of limb muscles, 101 
plexuses, 1129 
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Development (cont.) 
of limbs, 100 
of lips, 162 
of liver, 177 

of locomotor apparatus, 100 
of lumbar arteries, 150 
veins, 166 
of lungs, 180, 181 
of lymphatic system, 160 
of malleus, 99, 131 
of mammary gland, 104 
of mandible, 98, 281 
of mandibular arch, 93 
nerve, 93, 98 

of mastoid air-cells, 207, 301 
of maxilla, 94, 95 
of maxiUary artery, 147 
process, 93 

of Meekers cartilage, 99, 
280 

of median artery, 152 
of medulla oblongata, 110 
of medullary vela, 113 
of meninges, 124 
of mental ossicles, 99 
of mesencephalon, 114 
of mesenteric arteries, 150 
veins, 154 
of mesentery, 170 
of mesogastrium, 168 
of mesonephric duct, 185 
of mesonephros, 184 
of metanephros, 185 
of metathalamus, 115 
of metencephalon, 112 
of mid-brain, 114 
of mid-gut, 71 
of mid<fie ear, 130 
of middle meningeal artery, 
148 

of mitral valve, 146 
of modiolus, 130 
of mouth, 69, 162 
of muscles, 100, 102 
of face, 100 
of larynx, 100 
of limbs, 101 
of mastication, 100 
of orbit, 103 
of pharynx, 100 
of tongue, 103 
of myelencephalon, 112 
of myotomes, 65, 102 
of nails, 104 
of nasal apertures, 95 
capsules, 89 
septum, 89, 96 
of nasolacrimal duct, 93, 

129 

of neck, 97, 98 
of neopallium, 121 
of neostriatum, 972, 973 
of nerve-ceUs, 105 
plexuses, 1129 
of nervous system, 60, 104 
of neural crest, 108 
groove, 60 
tube, 60 

of neuroblasts, 105 
of neuroglia, 106 
of nose, 92 

of notochord, 69, 64, 85 
of nuclei of cranial nerves, 
111, 112, 113 
of nucleus cuneatus, 112 
gracilis, 112 
pontis, 113 
pulposus, 86 


Development (cont.) 
of oblique vein of left atrium, 
136, 158 

of obliterated umbilical ar- 
tery, 151, 689 
of occipital bone, 87 
sinus, 160 

of oculomotor nerve, 123 
of oesophagus, 168 
of olfactory bulb, 118 
gyrus, 121 
nerves, 126 

of olivary nucleus, 115 
of omental bursa, 174 
of omentum, 177 
of opercula of insula, 121 
of ophthalmic arteries, 149 
veins, 160 

of optic chiasma, 117, 126, 
1039 

foramen, 89 
nerve, 126 
vesicles, 115, 125 
of orifices of heart, 143, 146 
of otic ganglion, 124 
vesicle, 129 
of otocyst, 129 
of ovary, 192 
of ovarian artery, 160 
ligament, 193 
of palseostriatum, 972, 973 
of palate, 92 
of pallium, 972 
of palmar arches, 162 
of pancreas, 177 
of pancreatic ducts, 178 
of papillae of skin, 103 
of paradidymis, 185 
of paramesonephrio duct, 
188 

of parasympathetic system, 
124 

of parathyroid glands, 165 
of para-urethral glands, 194 
of parietal bone, 90 
of paroophoron, 185 
of parotid gland,. 163 
duct, 163 

of pelvis, bony, 379, 383 
of ureter, 186 
of penis, 194 
of pericardium, 69, 180 
of perineum, 70, 172 
of periosteum, 102 
of peritoneal cavity, 181 
of peritoneum, 174 
of peroneal artery, 153 
of petrosal sinuses, 160 
of pharyngotympanic tube, 
130, 167 
of pharynx, 167 
of ptultrum, 94 
of phrenic arteries, 150 
of pia mater, 124 
of pineal body, 116, 955 
of piriform area, 118, 119, 
121 

of placenta, 78, 80 
of plantar arch, 162 
of platysma, 100 
of pleura, 181 
of pons, 113 
of popliteal artery, 152 
of portal vein, 154 
of prepuce, 197 
of primitive streak, 63 
of processus vaginalis, 192 
of proctodoeum, 173 


Development (cont.) 
of pronephros, 184 
of prosencephalon, 115 
of prostate, 194 
of prostatic utricle, 190 
of pulmonary trunk, 143 
valve, 146 
of radial artery, 152 
of Rathke’s pouch, 117 
of rectum, 17l 
of recurrent laryngeal nerve, 
93, 98, 149 
of red nucleus, 115 
of renal arteries, 150 
collar, 157 
veins, 157 

of respiratory system, 179 
of rete testis, 191 
of retina, 125 

of rhinencephalon, 118, 120, 
122 

of rhombencephalon, 110 
of ribs, 85 
cervical, 85 

of round ligament of uterus, 
193 

of saccule, 129 
of saccus endolvmphaticus, 
129 

of sagittal sinus, 160 
of salivary gland, 162, 163 
of sclera, 129 , 

of scrotum, 196 
of sebaceous glands, 10 
of Seessel’s pouch, 167 
of semicircular ducts, 129 
of seminiferous tubules, 191 
of sense organs, 104 , 

of septa of heart, 140, 1^3, 
144, 145 

of septum of nose, 89, 95 
transversum, 72, 168, 1$3 
of sinus venosus, 136 
of sinuses, ethmoidal, 310, 
frontal, 307 
maxillary, 321 
sphenoidal, 294 
venous, of dura mater, 
168 

of skeleton, 83 
of skin, 103 
of skull, 86 

of somatic arteries, 160 
of sphenoid bone, 87, 88, 
89 

of sphenomandibular liga- 
ment, 99 

of sphenopalatine ganglion, 
124 

of spinal cord, 60, 105, 891 
ganglia, 108 
nerves, 108 

of splanchnic arteries, 150 
of spleen, 179 
of stapedial artery, 148 , 
of stapedius muscle, 99 
of stapes, 99, 131 
of stemomastoid muscle, 98 
of sternum, 86 
of stomach, 168 
of stomodaeum, 69, 162 
of straight sinus, 160 
of stylohyoid ligament, 99 
of styloid process, 99 
of stylopharyngeus muscle, 
100 

of subcardinal vein, 155 
of subclavian artery, 149 
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Development (conk) 

of sublingual gland, 163 
of submandibular ganglion, 
124 

gland, 162, 163 
duct, 163 

of sudoriferous glands, 103 
of sulci of cerebrum, 121, 
975 

of sulcus terminalis of tongue, 
164 

of supracardinal veins, 156 
of suprarenal arteries, 150 
gland, 125 
veins, 156 

of sweat glands, 103 
of sympathetic cells, 124 
system, 124 
of tail-fold, 68, 71 
of teeth, 1278, 1281 
of tela (iiorioidea, 115 
of telencephalon, 117 
of temporal bone, 130 
of tensor palati, 100 
tympani, 100 
of testicular arteries, 150 
of testis, 191 
of thalamus, 115 
of thoracic duct, 161 
of thymus, 165 
of thyroglossal duct, 165 
of thyroid cartilage, 99, 180 
gland, 165 
of tibial arteries, 152 
of toes, 102 
of tongue, 163 
of tonsil, 165 
of trachea, 179 
of tractus sohtarius, 124 
of tragus, 132 

of transverse mesocolon, 170 
processes, 84 
sinus, 160 

of tricuspid valve, 146 
of trigeminal nerve, 123 
of trigonum of bladder, 193 
habenulae, 116 
of trochlear nerve, 123 
of trophoblast, 53, 75, 76, 77, 
78 

of tuber cinereum, 116 
of tuber culum impar, 163 
of tubotympanic recess, 167 
of tunica albuginea, 190 
vaginalis testis, 192 
of tympanic antrum, 130 
cavity, 130 
membrane, 131 
of ulnar artery, 152 
of umbilical artery, 151 
cord, 73 

fold, lateral, 689 
veins, 136, 154 
of urachus, 194 
of ureter, 185, 187 
of urethra, 195, 196, 197 
of urinary bladder, 193 
meatus external, 195 
of urogenital organs, 183 
of uterine tube, 189 
of uterus, 189 
of utricle of ear, 129 
of prostate, 190 
of vagina, 190 

of vagus nerve, 93, 123, 1074 
of valves of heart, 146 
of vas deferens, 185 
of vascular system, 132 


Development {cont.) 
of veins, 153 
of vena azygos, 158 
cava, inferior, 155, 157 
superior, 158 
of venous sinuses, 159 
of ventricles of brain, 113, 
115 

lateral, 115 
third, 115 

of ventricles of heart, 135, 
142 

of vermiform appendix, 170, 
1334 

of vermis, 113 
of vertebral artery, 149, 150 
column, 83 

of vestibular glands, 194 
of visceral arches, 91, 92 
of vitelline veins, 134, 153 
of vitreous body, 128 
of vocal folds, 1^ 
of xiphoid process, 86 
of yolk-sac, 55, 72 
Diameters, of pelvic inlet, 379 
outlet, 381 
of skuU, 329 
Diaphragm, 555, 667 
actions, 557 

applied anatomy, 558, 559, 
1093 

arteries, 150, 757, 772 
central tendon, 556 
crura, 555, 557 
development, 182 
level, 558 

lymph drainage, 876 
glands, 876 
movements, 558 
nerves, 557, 1150 
openings in, 556 
pelvic, 572 

applied anatomy, 576 
fascia of, 572 
urogenital. See Muscle, 
Sphincter urethrae 
Diaphragma sellae, .269, 964, 
1023, 1025 
Diaphysis, 24 
Diastole, 686 

Diencephalon, 115, 952, 958 
derivatives, 123, 886, 955 
development, 115, 953 
Differentiation of cells, 43 
of embryonic area, 57 
Digestive system, 1261 
development, 162, 173 
Digits, development, 102 
of foot, arteries, 798, 802 
bones, 420 
joints, 515 
lymph vessels, 864 
nerves, 1124, 1125 
veins, 832, 834 
of hand, arteries, 751, 752, 
756 

bones, 366 
joints, 478 

lymph drainage, 859 
nerves, 1101, 1103, 1104, 
1108 

veins, 822, 824 
Diploe, 203, 264’ 
veins, 813 
Disc, articular, 427 
functions, 429 
acromioclavicular, 453 
interpubic, 482 


Disc {cont) 

articular, intervertebral, 205, 
405, 435, 438 
structure, 438 
mandibular, 432 
sacrococcygeal, 440 
sternoclavicular, 453, 455 
triangular, of wrist, 469 
embryonic, 73 
optic, 1172, 1176 
Dislocation, of clavicle, 453, 454 
of elbow, 470 
of hip, 491 
of mandible, 434 
of radius, 470 
of shoulder, 463 
of vertebral column, 445 
“ Distal,” xxxii 
Diverticulum, allanto-enteric, 
71, 73, 172 
of bladder, 1377 
Meckel’s, 173, 1328 
oesophageal, 1302 
ureteric, 185 
Dobie’s line, 33 
“ Dorsal,” xxxii 
Dorsiflexion at joints, 430 
Dorsum nasi, 1155 
Dorsum sellae, 267, 268, 290 
Drum of ear. See Membrane, 
tympanic 

DUCT or DUCTUS— 
aberrans, 185 
arteriosus, 98, 689 
development, 98, 149 
obliteration, 689 
of Bellini, 1367 
bile, 1357, 1358 
applied anatomy, 1359 
development, 177 
in lesser omentum, 1308 
in liver, 1355 
structure, 1359 
I surface anatomy, 1461 
biliary. See Ductules, bile 
bucconeural, 954 
of bulbo-urethral gland, 1379, 
1393 

choledochus. See D., bile 
cloacal, 172 

cochlear, 1207, 1208, 1209 
development, 129 
of Cuvier, 135, 136, 156, 
158 

origin, 135, 136 
relation to pleural pas- 
sage, 180 
left, 158, 669 
derivatives, 669 
right, 158 
cystic, 1357, 1358 
development, 177 
deferens. See Vas deferens 
ejaculatory, 1380, 1384, 1385, 
1386 

development, 185 
in prostate, 1380 
structure, 1386 
endolymphaticus, 1204, 1208 
development, 129, 298 
of epididymis. See Canal of 
epididymis 
of epodphoron, 1396 
excretory, primary, 184 
frontonasal, 307, 310, 1158, 
1162 

of Gartner. See D. of epo5- 
phoron 
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Duct or Ductus (cont) 
hepatic, common, 1357 
left and right, 1352, 1357 
lacrimal. See Canaliculi, 
lacrimal 
lactiferous, 1408 
of liver, 1355 

lymphatic, right, 845, 860 
of mammary gland, 1408 
mesonephric, 185, 1396 
derivatives, 197 
relation to bladder, 187 
Mullerian. See D., parameso- 
nephric 

nasolacrimal, 1187, 1189 
bony canal, 247, 276, 310, 
317 

development, 93, 96, 129 
opening, 1159 
pancreatic, 1347 

development, 179 
structure, 1349 
accessory, 1348 
paramesonephric, 188 
derivatives, 197 
in male, 190 
para-urethral, 194, 1379 
parotid, 1268 

development, 163 
structure, 1269 
surface anatomy, 1442, 
1443 

pronephric, 184 
prostatic, 1391 
orifices, 1377 

reuniens, 1207, 1208, 1210 
development, 129 
of sebaceous glands, 1224 
semicircular, 1207, 1208 
development, 129 
structure, 1208 
of seminal vesicle, 1386 
of sublingual gland, 1270 
submancfibular (submaxill- 
ary), 1270, 1271 
development, 163 
of sweat glands, 1225 
of testis. See Ductules 
thoracic, 32, 845, 848 
applied anatomy, 851 
development, 161 
diameter, 849 
relations, 848 
structure, 846 
surface anatomy, 1457 
tributaries, 850 
valves, 849 

thyroglossal, 165, 1289 
utriculosaccularis, 1207, 1208 
venosus, 687 

development, 154 
obliteration, 689 
of vestibular glands, greater, 
1407 

vifello-intestinal, 71, 173 
persistent, 1328 
Wolffian. /SfeeD., mesonephric 
Ductless glands, 1411 
Ductuh, aberrantes of epididy- 
mis, 1385 
bile, 1357 

efferentes of testis, 1380, 
1382 

development, 185, 191 
homologues in female, 
197 

of epoophoron. See Tubules, 
of epoophoron 
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Duodenum, 1323 
applied anatomy, 1342 
arteries, 750, 765, 767, 1325 
development, 168 
growth, 177 

lymphatic drainage, 866, 
867 

mucous membrane, 1328 
papilla, 1325, 1360 
peritoneal recesses, 1314 
relations, 1324, 1325 
structure, 1328 
surface anatomy, 1460 
veins, 843, 1326 
Dupuytren’s contracture, 615 
Dura mater, 1023 

development, 124 
structure, 1025 
cerebral, 1023 
arteries, 706, 710, 713, 
714, 722 

continuity with sheath of 
optic nerve, 1038 
nerves, 1047, 1051, 1072 
structure, 1027 
veins, 1026 

venous sinuses, 812, 814, 
1026 

spinal, 886, 888, 1026 
arteries, 733, 734, 759, 
773, 782 
nerves, 1085 

relation to nerve roots, 
1082 

structure, 1026 
veins, 830, 831 
Dwarfism, 26 

Ear, external, 1190. See also 
Auricle and Meatus 
internal, 1190, 1204 
arteries, 735, 1215 
development, 129, 131 
nerves, 1215 
veins, 1215 

middle, 1190, 1194. See also 
Cavity, tympanic 
Ectoderm, 54, 57, 61 
amniotic, 73 

comparative anatomy, 62, 
63 

derivatives, 61, 97 
Ectopia testis, 191, 1384 
vesicsB, 198 

Effector apparatus, 882, 884 
Elastin, 12 

Elbow. See Joint, elbow 
Eleidin, 6, 1220 
Element, costal, 85, 206 
chondrification, 84 
development, 83, 85 
cervical, 207 
lumbar, 218 
sacral, 219 
sarcous, 34 

skeletal, of visceral arches, 
92 98 99 

Elevation, tubal, 1199, 1290 
Embryo, 67, 198 
age changes, 198 
folding of, 68 

form at different stages, 198 
formation, 56, 58 
length, 198, 201, 202 
nutrition, 72, 79, 80 
Embryology, 43 . 
comparative, 62 
importance of, 44 


Eminence, arcuate, 268, 298 
articular, 252, 260, 295 
canine, 246, 316 
collateral, 975, 1004 
frontal, 245, 304 
surface anatomy, 1438 
hypobranchial, 164 
hypothenar, 669, 1436 
iliopubic, 369 

intercondylar, of tibia, 396, 
397 

medial, of fourth ventricle, 
941 

parietal, 244, 302 
surface anatomy, 1439 
pectineal. See E., iliopubic 
thenar, 609, 1436 
Eminentia conchse, 1190 
triangularis, 1190 
Enamel, 1276, 1277 
chemical composition, 1277 
formation, 1280 
Enamel-niche, 1266 
Encephalon. See Brain 
Enchylema, 2 
End arteries, 760 
End-bulbs, 1216, 1391 
End-organs, 1216 
End-plate, motor, 1034 
Endocardium, 681 
Endocranium, 263, 681 
Endolymph, 1207 
Endometrium, 1401 
Endomysium, 32 
Endoneurium, 1031 
Endoskeleton, 203 
Endosmosis, 28 
Endosteum, 19 
Endothelium, 5 
of anterior chamber of eye, 
1167 

of pleura, 1250 
primitive vascular, 133 
Enlargements of spinal cord, 
107, 890 

Enophthalmos, 1153 
Entoderm, 55, 57, 61 
derivatives, 61, 100 
secondary, 65 

Envelope, fibrous, of corpus 
cavernosum, 1389, 1390 
of corpus spongiosum, 1390 
Ependyma, of fourth ventricle, 
940 

of lateral ventricle, 1003 
of third ventricle, 968 
Epicardium, 134, 668, 681 
Epicondyles, of femur, 391, 
392 

of humerus, 343, 346 
surface anatomy, 1430 
Epidermis, 2, 4, 6, 1219 
development, 103 
in negro, 1220 
in white races, 1220 
nerve endings, 1222 
structure, 1219 
Epididymis, 1380 
arteries, 150, 771, 772, 777 
development, 191 
ductuli aberrantes, 1385 
lymph vessels, 873 
structure, 1382 
Epiglottis, 1229 
development, 99, 164, 180 
lymph drainage, 857 - 
structure, 1230 
Epihyal, 541 
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Epimysium, 32, 519 
Epineurium, 1032 
Epiphysis, 23, 26 
of hones. See individual 
bones 

Epiphysis cerebri, 953, 962 
Epispadias, 198 
Episternal bone, 232 
Epithalamus, 960 
development, 116, 953 
Epithelium, 4 
ciliated, 6 
columnar, 5 
cubical, 5 
cylindrical, 5 
enamel, external, 1279 
germinal, 1394 
neural crest, 61 
pavement, 5 
pigmented, 7 
simple, 5 
squamous, 5 
stratified, 6 

transitional, 6, 1370, 1376, 
1379 

of appendix vermiformis, 
1335 

of bile-duct, 1359 
of bladder, 1376 
of bronchi, 1244 
of bulbo-urethral glands, 
1380, 1393 

of canal of epididymis, 1382 
of cornea, 1166 
of duodenum, 1328 
of epidermis, 1219 
of gaU-bladder, 1359 
of intestines, 1328, 1341 
of lacrimal gland, 1198 
sac, 1190 

of lactiferous ducts, 1408 
of larynx, 1240 
of lungs, 1259 
of mammary gland, 1408 
of meatus, auditory, 1194 
of mouth, 1262 
of nasolacrimal duct, 1190 
of nose, 1161 
of oesophagus, 1302 
of ovary, 1395 
of palate, 1263, 1264 
of pancreatic duct, 1349 
of parotid duct, 1269 
of pharyngotympanic tube, 
1199 

of pharynx, 1296 
of prostate, 1392 
of rectum, 1341 
of , renal tubules, 1367 
of salivary glands, 1271 
of sebaceous glands, 1225 
of seminal vesicle, 1386 
of skin, 6, 1219 
of stomach, 1322 
of sweat glands, 1224 
of thyroid gland, 1413 
of tongue, 1289 
. of tonsil, 1293 
of trachea, 1244 
of tympanic cavity, 1202 
of ureter, 1370 
of urethra, 1380 
of uterine tube, 1397 
of uterus, 1401, 1402 
of vagina, 1405 
of vas deferens, 1385 
Epitrichium, 103 
Eponychium, 104, 1222 


Epoophoron, 1396 
development, 185 
homology, 197 
Equator of animal cell, 3 
of lens, 1177 
Equatorial plate, 47 
Eruption of teeth, 1281 
Erythroblasts, 27, 133 
development, 133 
Erythrocytes, 27, 133 
Ethmoid bone, 307 

ehondrification, 88, 89 
ossification, 310 
bulla, 275, 277, 309, 1158 
openings, 1158 
cribriform plate, 307 
in anterior cranial fossa, 
265, 266 

in nasal cavity, 274, 276 
labyrinth, 308 
in nasal cavity, 274, 276 
lateral mass, 307 
orbital plate, 308, 309 
in orbit, 247, 249 
perpendicular plate, 307, 308 
in nasal septum, 274, 276 
uncinate process, 309, 1158 
Eversion of foot, 511 
Examination, of larynx, 1240 
of lungs, 1260 
rectal, 1464 
of uterus, 1465 
vaginal, 1464 
Excavation. See Pouch 
Exoskeleton, 203 
Exosmosis, 28 
Extension at joints, 430 
“ External,” xxxii 
Extravasation of urine, 1379 
Extremities. See Limbs 
Extroversion, of bladder, 198 
of cloaca, 198 

Eye, pineal, 116, 945, 953, 
962 

EyebaU, 1163, 1164 
accessory organs, 1178 
applied anatomy, 1184 
arteries, 722, 723, 1171, 1178 
coats, 1164, 1168, 1172 
development, 125 
enucleation, 1184 
movements, reflex, 949, 952 
muscles, 1178 

nerves, 1046, 1166, 1167, 
1171, 1179 

refracting media, 1176 
retina, 1172 

tunics, 1164, 1168, 1172 
veins, 819, 1168, 1178 
Eyebrows, 1184 
Eyelashes, 1184 
Eyelids, 1184 
arteries, 722, 723, 1187 
development, 129 
lymph drainage, 853 
muscles, 525 
nerves, 1187 
skin, 1185 
structure, 1185 

Face, arteries, 707, 709, 711, 
715 

at birth, 326 
bones, 239 
development, 92 
lymph drainage, 853 
malformations, 96 
muscles, 623 


Face {coni.) 
nerves, motor, 1062 

sensory, 1044, 1045, 1046, 
1048, 1051, 1054 
surface anatomy, 1441 
veins, 806 

Facies, adenoid, 1299 
Falx, cerebelli, 1023, 1025 
cerebri, 1023 

inguinalis. See Tendon, con- 
joint 
FASCIA, 622 
of abdominal wall, 559 
anal, 573 

of anal region, 576 
around ai3?]e, 660 
of arm, 593 
axillary, 586 
of back, 546, 646 
buccopharyngeal, 1294 
bulbi, 1182 

carotid sheath, 537, 700 
cervical, deep, 535 
applied anatomy, 538 
clavipectoral, 588, 740 
of Colies. See F. of perin- 
eum 

coracoclavicular. See F., 
clavipectoral 

cremasteric, 566, 1342, 1387 
cribriform, 623 
relation to hernia, 1344 
cruris, 640 
deep, 522 
cervical, 535 

of urogenital region, 577, 
679 

dentate. See Gyrus, dentate 
of face, 623 
of foot, 653 
of forearm, 597 
of .hand, 613, 614 
of head, 523 
iliaca, 620, 623 
iliopectineal, 621 
infraspinata, 591 
intercrural. See F., sperm- 
atic, external 
lacrimal, 1182, 1189 
lata, 623 
of leg, 640 

deep transverse, 640, 644 
of limbs, lower, 620 
upper, 582 

lumbar (lumbodorsal), 546, 
646 

of neck, 535 

of obturator internus, 572 
orbital, 1182 
parotid, 532, 536 
pectoral, 586 
pelvic, 572 

tendinous arch, 574 
of perineum, 576, 578 
applied anatomy, 1378 
pharyngobasilar, 1294 
of piriformis, 573 
popliteal, 640 
pretracheal, 538 
prevertebral, 537 
propria of femoral hernia, 
1344 

of quadratus lumborum, 572 
rectovesical, 1391 
renal, 1364 
of scalp, 623 

of Scarpa. See F, of abdo- 
minal wall 
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Fascia (cont) 
of shoulder, 590 
Sibson’s. See Membrane, 
suprapleural 
of sole of foot, 653, 654 
spermatic, external, 563, 
1387 

internal, 571, 1385 
relation to hernia, 1342, 
1343 

subscapular, 591 
superficial, 522 
supraspinata, 591 
temporal, 532 
of thigh, deep, 623 
superficial, 623 
transversalis, 571 
of trunk, 546 

of urogenital diaphragm. 

See Membrane, perineal 
of urogenital region, 577, 
579 

Fasciculus, See also Bundle 
and Tract 

circumolivarispyramidis, 921 
comma. /See Tract, semilunar 
cuneatus, 891, 901, 904, 908 
connexions, 1020, 1022 
dorsilateral. See Tract, pos- 
terolateral 

fronto-occipital, 1006, 1007 
gracilis, 891, 901 , 904 , 908 
connexions, 1020, 1022 
intrafusal, 1217 
longitudinal, inferior, 1006, 
1007 

medial. See Bundle 
superior, 1006, 1007 
longitudinalis dorsalis, 967 
olfactory, 988 

proprius. See Tract, inter- 
segmental ‘ 

retroflexus, 961, 963, 1022 
tegmental, 915 
thalamo-olivaxy, 915 
uncinate, 1006 

Fasciola cinerea. See Gryrus, 
splenial 

Fat, 9 
cells, 9 

chemical composition, 9 
development, 9, 10 
renal, 1364 
physical properties, 9 
Fauces. <866 Arch, palatoglossal 
and palatopharyngeal 
Femur, 383 
at birth, 394 
condyles, 390 
epiphyses, 394 
fractures, 394 
nutrient artery, 791, 792 
ossification, 394 
shaft, 387, 388 
structure, 393 

surface anatomy, 1467, 1469 
torsion, 385 
trochanters, 384, 385 
Fenestra cochleae, 1197, 1206 
Testibuli, 1197, 1204 
Fertilisation, aster of, 51 
of ovum, 61, 1397 
FIBR.ffl ; FIBRES--. 
connective tissue, white, 8 
dentinal, 1277, 1281 
elastic, yellow, 8 
enamel, 1277, 1280 
intercrural, 562 


I Fibres ; Fibres {cont.) 
of lens, 1178 
developnaent, 127 
muscle, 127 
cardiac, 36, 682, 683 
development, 32 
intrafusal, 1217 
involuntary, 36 
structure, 32 
varieties, 32, 519 
voluntary, 32 
nerve, 37, 40. See also Tract 
degeneration, 42, 895, 
898 

regeneration, 42 
accelerator, of heart, 1144, 
1145, 1149 
afferent, 1031, 1033 
arcuate, external, 902, 913, 
1022 

anterior, 917, 933 
posterior, 919, 933 
internal, 901, 912 
association, of cerebellum, 
931 

of cerebrum, 1005 
of auditory radiation, 1010 
autonomic, 1136 
centrifugal, 1031, 1033 
centripetal, 1031, 1033 
cerebellovestibular, 933 
oerebropontine, 920 
in intemal capsule, 1010 
in mid-brain, 943 
cerebrospinal. See aUo 
Tract, cerebrospinal 
development, 106, 113 
in intemal capsule, 1010, 
1018 

in medulla, 912, 920 
in mid-brain, 943 
in pons, 914, 920 
climbing, 935 
commissural, of cerebel- 
lum, 931 

of cerebrum, 990, 1005 
of spinal cord, 893 
of corpus callosum, 1001 
corticofugal, 1009, 1010 
corticopetal, 1009, 1010 
corticopontine, 1022 
corticothalamic, 1010 
depressor, of heart, 1137 
efferent, 1031, 1033 
frontopontine, 921, 943 
in internal capsule, 1010 
in mid-brain, 943 
geniculate, 1018 
grey, 40, 42 
intemuncial, 1013 
intersegmental, 106 
itinerant, of archipallium, 
1005, 1009 
of cerebellum, 931 
of cerebrum, 990, 1009 
development, 121 
of neopallium, 1005, 1009 
medullated, 40 
moss, 936 
motor, 1032 

non-meduUated, 42. 1034 
olfactory, 996 
olivocerebellar, 933, 936 
of optic radiation, 1010 
origin, 1032 

parasympathetic, 1085, 

1137 

parolivocerebellar, 933 


Fibrse : Fibres (cont.) 
nerve, peripheral termina- 
tion, 1033 

postganglionic, 1065, 
1139 , 1140, 1142 
distribution, 1140 
pregangKonic, 1139, 1140 
distribution, 1140 
projection, ^ee F., nerve, 
itinerant 

propriae, of cerebellum, 930 
pyramidal. /See Tract 
of Remak, 42, 884 
somatic, of cranial nerves. 
1081 

of spinal nerves, 1084 
striatorubral, 947 
sympathetic, 1135, 1140, 
1142 

. distribution, 1140 
temporopontine, in inter- 
nal capsule, 1010 
in mid-brain, 943 
thalamocortical, 1010 
vasoconstrictor, 1139, 1140 
vestibulocerebellar, 933, 
935 

viscera], of cranial nerves, 
1081 
white, 40 
osteogenetic, 22 
perforating, of Sharpey, 21 
Purkinje, of heart, 36, 685 
suatentacular, of retina, 1175 
Fibrillae, 33 
varicose, 1216 

Fibrocartilage, articular, 17. 
See also Disc 
elastic, yellow, 16, 18 
intervertebral. See Disc, ar- 
ticular intervertebral 
white, 15, 17 
Fibula, 402 , 404 
nutrient artery, 801 
ossification, 407 
surface anatomy, 1468, 1471 
Filament, axial, 48 
Filum terminals, 887, 889 , 
1030 

development, 108 
externum, 890 
internum, 889 
l^bria, of fornix, 987 
development, 120 
of uterine tube, 1396 
ovarian, 1396 
Finger-prints, 1219 
Fingers, arteries, 751, 752, 

756 

bones, 366 
development, 102 
joints, 478 
lymph drainage, 868 
nerves, 1103, 1104 
veins, 822, 824 
webbing, 102 

Fissures, antitragohelicine, 1191 
cerebellar, 927, 930 
horizontal, 928, 930 
parafloccular, 930 
postcentral, 927 
postlingual, 927 
postlunate, 927 
postnodular, 928, 930 
postpyramidal, 928, 930 
prima, 928, 930 
retrotonsillar, 928 
secunda, 928, 930 



INDEX 


1495 


Fissures (cont.) 
cerebri. See aUo Sulcus 
calcarine. See Sulcus 
choroidal, 985, 999, 1014 
development, 118, 125, 
1014 

in lateral ventricle, 1003, 
1004 

lateral. See Sulcus 
longitudinal, 974 
development, 117 
transverse, 999, 1015 
choroidal, of eye, 125 
for ligamentum teres, 1350, 
1352 

venosum, 1350, 1353 
of lungs, 1256 
surface anatomy, 1455 
of medulla oblongata, 906 
oral, 1261, 1442 
palpebral, 1184 
of skull — 

infra-orbital, 247, 249, 

254 

orbital, inferior, 247, 249, 
254, 255, 291 
superior, 248, 250, 268, 

. 269,292 
nerves in, 1057 
petro-occipital, 271 
petrosquamous, 262 
petrotympanic, 262, 296, 
300 

in tympanic cavity, 1196 
pterygoid, 292 
pterygomaxillary, 254, 
255, 259, 291 
rostroventralis, 89 
squamotympanic, 259,262, 
269, 296, 298 
tympanomastoid, 299 
of spinal cord, 106, 890, 892 
vestibular, 1207 
Fistula, branchial, 98 
Flat-foot, 515, 519 
Flexion, at joints, 430 
Flexures, of colon, left, 1332, 
1336 

right, 1332, 1335, 1336 
surface anatomy, 1461 
duodenal, 1323 
duodenojejunal, 1323, 1325 
peritoneal recesses, 1296 
surface anatomy, 1460 
of neural tube, 69, 110, 112 
of rectum, 1328 
Flocculus, of cerebellum, 928 
development, 929 
Floor, of fourth ventricle, 940 
of mouth, 1283 
of nose, 273, 276,1160 
of orbit, 247, 249 
pelvic, 574 

of third ventricle, 963, 968 
of tympanic cavity, 1195 
of urethra, 1379 
Floor-plate, 105, 106, 115. See 
aUo Plate, floor 
Fluid, amniotic, 73 
cerebrospinal, 1029 
seminal, 1392 
subdural, 1016 
Foetus, 198, 687 
circulation in, 687 
growth, 198 
length, 198, 201, 202 
membranes, 73 
nutrition, 72, 79, 80 


Fold, Folds. See also Plica 
alar, of knee, 494 
ary epiglottic, 1283, 1239 
development, 168, 180 
auricular, 132 
bloodless, of Treves, 1315 
csecal, 1316 

circular, of small intestine, 
1326, 1828 
duodenal, 1314 
epigastric, 1309 
gastropancreatic, 174, 1311 
genital, 190, 194 
in female, 196 
glosso-epiglottic, 1230, 

1284 

gluteal, 1469 
of groin, 1465 
head, 67 

horizontal, of rectum, 1338 
ileocaecal, 1315 
infrapatellar, synovial, 494 
inguinal, 192, 193 
labioscrotal. See Swellings, 
genital 

lacrimal, 1189 

malleolar, of tympanic mem- 
brane, 1196 
mesonephric, 190 
neural, 60, 104, 105, 110 
palmate, of uterus, 1400, 
1402 

paraduodenal, 1315 
pharyngo-epiglottic, 1230, 
1284 

pleuroperitoneal, 181, 182 
recto-uterine, 1247, 1403 
rectovag;mal, 1403 
rectovesical. See F., sacro- 
genital 

sacrogenital, 1308, 1374 
salpingopalatine, 1290 
salpingopharyngeal, 1290 
sublingual, 1262 
tail, 67 

umbilical, lateral, 1308, 
1309, 1374 
formation, 689 
median, 1308, 1309, 1374 
ureteric, 1375 
uterovesical, 1403 
vascular, of caecum, 1315 
vestibular (ventricular), 1233, 
1234 

vocal, 1233, 1235 
development, 180 
movements, 1235, 1239 
mucous membrane, 1240, 
1244 

paralysis, 1075 
surface anatomy, 1448 
Folia, of cerebellum, 933 
linguae, 1154, 1284 
Follicle, Graaflan, 44, 1394, 
' 1402 
hair, 1223 
lymph, 847 
in tonsil, 1293 

ovarian, vesicular, 44, 129, 
1394, 1395 
of thymus, 1420 
Fontanelles, 244, 286, 326 
Fonticulus. See Fontanelles 
Foot, arches, 516, 517 
arteries, 797, 798, 802 
bones, 407, 422 
comparison with hand, 422 
deformities, 650 


Foot (conL) 

development, 101 
fascia, 653, 654 
flat, 515, 519 
fractures, 423 
functions, 516 
joints, 508, 511, 512, 1474 
lymph vessels, 864 
movements, 507, 509, 511, 
512 

muscles, 654 

nerves, 1117, 1124, 1125, 
1127 

surface anatomy, 1473 
veins, 832, 834 
Foot-drop, 1135 
Foot-plates of rods of Corti, 
1212 

Foramen, Foramina — 
bxirsse omenti majoris, 1311 
caecum, of medulla oblong- 
ata, 906 

of skull, 265, 266, 305 
of tongue, 1283 
development, 164 
caroticoclinoid, 292 
central, of modiolus, 1206 
epiploic, 1306. See also Aditus 
to lesser sac of perito- 
neum 

ethmoidal, 249 
frontal, 304 
of Huschke, 302 
incisive, 256, 257, 320 
infraorbital, 246, 316 
surface anatomy, 1444 
interventricular, 969, 1003 
development, 144, 146 
intervertebral, 205, 229 
jugular, 862, 263, 271, 272, 
299 

structures transmitted, 

820 

lacerum, 259, 260, 268, 269, 
291 

magnum, 241, 262, 263, 285, 
288 

mandibular, 279, 280 
mastoid, 253, 271, 272, 297 
mental, 277, 279 
age changes, 282 
surface anatomy, 1443 
of Monro. See F., inter- 
ventricular 
nutrient, 19 
obturator, 368, 377 
sex differences, 383 
optic, 247, 248, 265, 267, 
268, 289, 292 
ovale, of heart, 675 
at birth, 689 
closure, 141 
development, 141 
of sphenoid bone, 253, 
259, 261, 268, 269. 
291 

palatine, greater, 256, 257 
lesser, 256, 257, 323 
parietal, 244, 265, 302 
postglenoid, 296, 817 
rotundum, 254, 255, 268, 
269, 291 

sacral, anterior, 219 
posterior, 219 
sciatic, greater, 481 

Ipoqat* 

singulare, 272, 298, 1205, 
1214 
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Foramen, Foramina {co7it.) 
sphenoidal, emissary, 261, 
269, 291 

sphenopalatine, 255, 275, 
277, 329, 324 

spinosnm, 253, 259, 261, 
268, 269, 291 
squamosal, 295 
sternal, 230 

stylomastoid, 262, 263, 299 
age changes, 302 
supracondylar, of humerus, 
246 

supra-orhital, 245, 304 
surface anatomy, 1438 
suprascapular, 456 
of tractus spiralis foramin- 
osus, 1205, 1214 
transversarium, 207, 208 
of axis, 211, 212 
of seventh cervical, 213 
venarum minimarum, 673, 
674, 679 

of ventricle, fourth, 940, 1028 
vertebral, 205 
cervical, 207 
lumbar, 216, 217 
thoracic, 213 

Vesalii. See F., sphenoidal, 
emissary 

zygomaticofacial, 246, 250, 
324 

zygomatico-orbital, 254,' 324 
zygomaticotemporal, 250, 
254, 324 

Forceps, major, 1001 
minor, 1001 

Forearm, arteries, 749, 752 
bones, 348 to 357 
fascia, 597 
joints, 463 to 470 
lymph drainage, 859 

YV^IlCrAlAO PIQ7 

nerves, ioOl, 1005, 1097, 1099 
surface anatomy, 1431 
veins, 824, 825 

Fore-brain. See Prosencephalon 
Fore-gut, 69, 162, 167 
Forehead, 245, 304 
nerves, 1044, X045 
Foreskin, 1390 
Form of muscles, 520 
Formation, hippocampal, 119, 
997 

development, 119, 997 
evolution, 972 

reticular, of medulla oblong- 
ata, 914, 917 
development, 112 
of spinal cord, 893 
Fornix, of brain, 984, 986, 1001 
body, 987 
columns, 987, 1001 
development, 119 
relation to corpus callos- 
um, 1001 
ventricle, 987 
conjunctival, 1186 
of vagina, 1404, 1465 
FOSSA. See also Becess — 
acetabular, 377, 484 
articular, of temporal bone, 
259,262,296 
growth changes, 302 
canine, 246, 316 
cerebral, lateral, 121 
condylar, of occipital bone, 
262, 288 


Fossa {cont.) 
coronoid, 848, 346, 465 
cranial, anterior, 240, 241, 
265 

fractures, 331 
middle, 241, 266, 269 
fractures, 331, 1203 
posterior, 241, 270 
cubital, 745 
surface anatomy, 1431 
digastric, 279, 280 
for ductus venosus. See 
Fissure for ligamentum 
venosum 

femoral, 786, 1309 
floccular, 272 

for gall-bladder, 1353, 1354 
hyaloid, 1176, 1177 
hypophyseal, 268, 290 
ihac, 368, 369, 372 
incisive, 246, 256, 316, 320 
ineudis, 1177 

for inferior vena cava. See 
Groove for vena cava 
infraclavicular, 587 
surface anatomy, 1427, 
1428 

infraspinous, 332, 334 
infratemporal, 253, 254 
inguinal, lateral, 1309, 1342 
medial, 1309, 1342 
interpeduncular, 943, 971 
intrabulbar, 1378 
ischiorectal, 576 
jugular, 262, 263, 299 
lacrimal, 247 
for lacrimal gland, 306 
malleolar, 402, 403, 407 
mandibular, 295, 296, 302. 

See also F., articular 
nasal, 94 

navicularis pudendi. See F., 
vestibular 

urethrae. See F., terminalis 
olecranon, 343, 346 
ovalis, of heart, 673, 674 
of thigh. See Opening, 



paraduodenal, 1315 
relation to inferior mesen- 
teric vein, 843 
pararectal, 1308 
paravesical, 1308, 1371 
peritoneal, 1315. See also 
Becess 

piriform, 1293 
popliteal, 792 
surface anatomy, 1468 
pterygoid, 258, 260, 292 
pte^gopalatine, 254, 255 
radial, of humerus, 343, 346 
rhomboid. See Floor, of 
fourth ventricle 
scaphoid, of auricle, 1190 
of sphenoid, 259, 260, 292 
subarcuate; 272, 298 
sublingual, 277 
submandibular (submaxill- 
ary), 277, 280 
subscapular, 332, 334 
supraclavicular, 1445, 1446 
supraspinous, 332, 334 
supratonsillar, 1292 
supravesical, 1309, 1342 
temporal, 251, 254 
terminalis urethrae, 1378 
triangular, of auricle, 1190 


Fossa (cont.) 

trochanteric, 249, 385, 386 
trochlear, 249, 306 
for umbilical vein. See 
Fissure for ligamentum 
teres 

vermian, 286 
vestibular, 1406 
Fovea, of bones. See Fossae 
centralis retinae, 1172, 1175 
structure, 1175 
of fourth ventricle, 941 
peritoneal. See Becess 
Fremitus, vocal, 1260 
Frenulum clitoridis, 1406 
of ileocolic valve, 1334 
of labia majora, 1406 
linguae, 1284 
of lips, 126*3 
of prepuce, 1390 
veli, 929, 950 
development, 115 
Fromann’s lines, 41 
Frontal bone, 240, 304 
ossification, 307 
structure, 307 

in anterior cranial fossa, 265, 
266 

nasal part, 304 
in norma frontalis, 244 
lateralis, 249, 251 
orbital plate, 265, 304, 305, 
307 

Fundus, of gall-bladder, 1357 
of stomach, 1318 
surface anatomy, 1459 
of uterus, 1398 

Funiculus. See also Fasciculus 
separans, 930 
Furcula, 168 
Furrow, dental, 1278 
naso-optic, 93, 129 

Galactocele, 1409 
Galea aponeurotica. See Apo- 
neurosis, epicranial 
Gall-bladder, 1357 
applied anatomy, 1361 
artery, 765 
development, 177 
lymph drainage, 868 
structure, 1360 
surface anatomy, 1461 
veins, 844 

GANGLION, 37, 1034, 1035 
development, 124, 132 
structure, 1034 
acousticofacial, 132 
aorticorenal, 1150 
auditory, 133, See also G., 
spiral, of cochlear nerve 
basal. See Nucleus, basal 
cardiac, of Wrisberg, 685, 
1149 

carotid, 1142 
cervical, inferior, 1145 
middle, 1145 
superior, 1143 
of uterus, 1153 
ciliary, 1044, 1046 
connexions, 1046 
development, 124, 154 
roots, parasympathetic, 
1041,1046 
sensory, 1045, 1046 
sympathetic, 1046 
coeliac, 1150 
of facial nerve, 1060 
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Ganglion (cont.) 
geniculate. See G., of facial 
nerve 

of glossopharyngeal nerve, 
1068 

habenulae. See Nucleus, 
habenular 

impar, 886, 1142, 1147 
intracardiac, 685, 686 
jugulare. See G., of vagus 
nerve, superior 
Langley’s, 1270, 1272 
lumbar, 1142, 1147 
mesenteric, inferior, 1152 
superior, 1152 

nodosum. See G., of vagus 
nerve, inferior 
otic, 1054 
connexions, 1054 
development, 124 
roots, motor, 1051, 1054 
sensory, 1052 
sympathetic, 1145 
parasympathetic, 1135, 1137 
development, 124 
pelvic, 1147 

petrous. See G., of glosso- 
pharyngeal nerve 
phrenic, 1093, 1152 
sacral, 1147 

semilunar. See G., trigeminal 
sphenopalatine, 1048 
connexions, 1048 
development, 124 
roots, parasympathetic, 
1049 

sensory, 1049 
sympathetic, 1143 
spinal, 888, 1082 
development, 108 
primitive, 124 

spiral, of cochlear nerve, 
1206, 1215 
development, 133 
splanchnic, 1147 
stellate, 1145, 1148 
submandibular (submaxil- 
lary), 1054 
connexions, 1054 
development, 124 
roots, parasympathetic, 
1054 

sensory, 1054 
sympathetic, 1145 
S3nnpathetic, 1138 

development, 124, 1138 
structure, 1139 
cervical, 1142, 1143, 1144, 
1145 

surface anatomy, 1449 
lumbar, 1142, 1147 
pelvic, 1147 
thoracic, 1142, 1146 
trigeminal, 1043 
artery, 722 
development, 124 
surface anatomy, 1441 
uterine, cervical, 1153 
of vagus, inferior, 1070 
superior, 1070 
vestibular, 1214 
development, 132 
Ganglion ridge, 108, 124 
Gastrula, 62 

Genu, of corpus callosum, 981, 
999 

of internal capsule, 1000, 
1001 


Germ-cells, female, 43, 44 
male, 43, 48 

Germ-centres, of lymph gland, 
846 

of tonsil, 1293 

Germ, dental, 1278, 1279, 1280 
Germinal s];)ot, 45 
vesicle, 45, 46 
Gestation, ectopic, 1397 
Ginglymus, 428, 429 
Girdles, limb, comparison, 332, 
340, 379 
pelvic, 332, 379 
functions, 482 
homologues, 340 
mechanism, 482 
shoulder, 332, 379 
homologues, 340 
morphology, 340 
movements, 454, 459 
Glabella, 245, 246, 304, 328 
surface anatomy, 1438 
GLAND, GLANDS— 
areolar,- of mammarv gland, 
1408 

arytenoid, 1240 
bronchial, 1257 
buccal, 1263 

bulbo-urethral, 1380, 1393 
development, 194 
homologue, 198 
relation to urethra, 1379 
structure, 1393 
cardiac, of stomach, 1322 
ceruminous, 1193, 1225 
ciliary, 1185 
ductless, 1411 
duodenal, 1328, 1329 
fundus, of stomach, 1322 
gastric, 1322 
genital, female, 1393 
male, 1380 
development, 190 
of intestine, large, 1328, 
1329, 1341 
small, 1328, 1329 
labial, 1261, 1263 
lacrimal, 1188 
development, 129 
structure, 1188 
of larynx, 1240 
lingual, 1289 

lymph. See L 3 rmph glands 
mammary, 1407 
applied anatomy, 1409 
arteries, 737, 759, 1409 
development, 104 
lymph vessels, 861 
structure, 1408 
surface anatomy, 1429 
veins, 1409 
molar, 1263 

mucous, of intestines, 1328, 
1340, 1342 
of larynx, 1239 
of lips, 1263 
of nose, 1160 
of palate, 1264 
of salivary glands, 1270 
of tongue, 1289 
nasal, 1160 
oesophageal, 1302 
ox3mtic, 1322 
palatine, 1263, 1264 
parathyroid, 1411, 1414 
cells, 1415 
development, 165 
structure, 1415 


Gland, Glands {cont.) 
paraurethral, 1380 
parotid, 1266 

accessory, 1266 
arteries, 710, 1269 
development, 162 
lymph drainage, 1269 
nerves, 1052, 1054, 1060, 
1137, 1269 
relations, 281, 1266 
structure, 1270 
surface anatomy, 1443 
veins, 1443 
preputial, 1390 
prostate. See Prostate 
pyloric, 1322, 1323 
salivary, 1266 

accessory, 1272 
development, 162 
structure, 1270 
sebaceous, 1219, 1224 
development, 103 
serous, of salivary glands, 
1271 

of tongue, 1289 
sexual. See G., genital 
sublingual, 1270 
development, 163 
nerves, 1054, 1137, 1270 
structure, 1270 
submandibular (submaxill- 
aiy), 1269 
arteries, 709, 1270 
development, 163 
lymph glands, 853 
nerves, 1137, 1270 
structure, 1270 
surface anatomy, 1448 
sudoriferous, 1219, 1221, 

1222, 1225 
development, 103 
suprarenal, 1411, 1416 
accessory, 1418 
left, 1417 
right, 1416, 1417 
arteries, 771, 772, 1418 
development, 125 
lymph vessels, 872, 1418 
nerves, 1150, 1418, 1424 
structure, 1418 
surface anatomy, 1462 
veins, 840, 1418 
sweat, 1219, 1221, 1222, 1225 
development, 103 
tarsal, of eyelids, 1185, 1186 
thymus. See Thymus 
thyroid, 1411 

accessory, 1413 
applied anatomy, 1414 
arteries, 698, 704, 737, 1414 
capsule, 538 
development, 165 
isthmus, 1411, 1413 
lobes, 1411 
pyramidal, 1413 
lymph vessels, 855, 1414 
nerves, 1414 
structure, 1413 
surface anatomy, 1448 
veins, 806, 812, 826, 1414 
of tongue, 1289 
trachoma, 1187 
urethral, female, 1379 
male, 1378 
uterine, 78, 1401 
vestibular, greater, 1407 
development, 194 
lesser, 1406 
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Gians clitoridis, 1407 
penis, 1389, 1390 
Gliding, at joints, 429 
Globus pallidus, 1012 
structure, 1012 

Glomerulus, of kidney, 1366, 
1367, 1369 

of nerve ganglia, 1035 
of olfactory bulb, 996, 1036 
of pronephros, external, 184 
internal, 185 

of sympathetic ganglia, 1139 
Glomus, caroticum and coccy- 
geum. See Body 
Glottis. See Folds, vocal 
Goitre, 1414 
Golgi apparatus, 2, 883 
cells, 894, 988, 989, 990 
Gomphosis, 426 
Gonion, 329 
Gonocytes, 192 

Graafian follicle. See Follicle, 
ovarian, vesicular 
Granulations, arachnoid, 1028 
structure, 1029 

Granules, cone, of retina, 1174 
neutrophil, 29 
oxyphil, 29, 1415 
pigment, 13 
rod, of retina, 1174 
in salivary alveoli, 1270 
zymogenic, 6 
Groin, fold of, 1465 
Groove. See also Sulcus 
alveololabial, 162 
alveololingual, 163, 164 
atrioventricular, 669 
surface anatomy, 1455 
bicipital, 341, 346 
carotid, 268 
costal, 234, 236 
infra-orbital, 248, 317 
interatrial, 670 
interventricular, 670 
surface anatomy, 1455 
labial, primary, 162 
lacrimal, 247, 249, 312, 
319 

laryngotracheal, 168, 173, 
179 

mylohyoid, 279, 280 
nasolabial, 1263 
nasolacrimal, of maxilla, 
310 

neural, 58, 104 
closure, 60 
obturator, 374, 375 
occipital, 297 
optic, 265, 267, 289 
palatine, greater, 323 
for peroneus longus, 416 
for pharyngotympanic tube, 
259, 292 

for popliteus, 392 
rhombic. 111 
spiral, 341, 345 
subclavian, 339 
for transverse sinus, 271, 
272 

of trapezium, 361 
for vena cava inferior, 1353 
vertebral, 228 
Growth, 43 

influence of ductless glands, 
1411 

of bone, 22 
of brain, 123, 1016 
of skull, 326 
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Guhernaculum dentis, 1281 
of ovary, 193 
testis, 192 
homologue, 193 
Gullet. See QSsophagus 
Gums, 1263 

development, 1282 
Gut, development, 69, 162, 167 
fore. 69, 162, 167 
hind, 71, 162, 171 
malrotation, 174 
mid, 71, 162, 170 
post -anal, 173 
rotation, 170 
Gyrus, Gyri— 

angular. See Lobule, par- 
ietal, inferior 
cerebral, 975 to 984 
development, 975 
cinguli, 981 
cunei, 981 
cuneoliugual, 982 
dentate, 985, 986 
development, 120, 121, 
985 

structure, 997 
tail, 985, 986 
descendens, 979 
frontal, inferior, 978 
middle, 978, 981 
superior, 977 

fusiformis. See G., occipito- 
temporal, medial 
hippocampal, 983, 986 
interlocking, 976 
intralimhic, 985 
lingual, 983 
long, of insula, 981 
occipital, 979 

occipitotemporal, lateral, 984 
medial, 984 
olfactory, 121 
orbital, 983 

paraterminal, 981, 984, 985, 
999 

postcentral, 978 
structure, 993 
surface anatomy, 1440 
precentral, 976 
structure, 993 
surface anatomy, 1440 
rectus, 983 
short, of insula, 979 
splenial, 786, 1001 
subcallosal. See G., para- 
terminal 

supramarginal. See Lobule, 
parietal, inferior 
temporal, inferior, middle, 
superior and transverse, 
978 

transitional, 976 

Hajmocytohlast, 133 
Hair, 1222 

development, 103 
structure, 1223, 1224 
gustatory, 1154 
olfactory, 1160 
Hair-bulb, 1224, 1225 
Hair-follicle, 1223 . 

Hamate bone, 337, 362 
homology, 417 
hook, 357, 363 
surface anatomy, 1433 
ossification, 366 
Hamstrings, 638 
applied anatomy, 640 


Hamulus, of hamate bone, 357 
363, 1433 
lacrimal, 249, 312 
pterypid, 259, 260, 293 
ossification, 293 
Hand, arteries, 750, 751, 764 
755 

bones, 357 to 368 
comparison with foot, 422 
development, lOO 
fascia, 613, 614 
functions, 423 
joints, 469, 473, 475 
lymph drainage, 859 
movements, 474, 475 
muscles, 609, 620 
segmental innervation, 
619 

nerves, 1101, 1103, 1105 
surface anatomy, 1436 
veins, 824 

Handle of malleus, 1200 
in tympanic membrane, 1195, 
1196 
Hare-lip, 96 

Haversian canals, 19, 20 
Head, arteries, 700 
bones, 239 
development, 67 
fascia, 523 
lymph drainage, 851 
movements, 443, 444 
muscles, 523 

nerves. See Nerves, cranial, 
and Ns., cervical 
surface anatomy, 1438 
veins, 805, 806 
Head fold, 67 
Head process, 57 
Hearing, organ, 1190 
HEART, 661, 669 
anomalies, 146 
apex, 670 

arteries, 685, 693, 694 
atria, 672 

structure, 682 
left, 677 
right, 672 

atrioventricular bundle, 684, 
685 
base, 670 

chambers, 161, 661 
chordae tendinese, 146, 676, 
681 

circulation through, 686 
in foetus, 687 
developjment, 134 
diastole, 686 
infundibulum, 676, 676 
lymph drainage, 685 
margins, 672 
moderator band, 676 
nerves, 686, 1074, 1137, 

1145, 1149 
nodes, 684 
orifices, aortic, 679 

atrioventricular, left, 661, 
679 

right, 661, 673, 674, 

676 

mitral, 661, 679 
pulmonary, 676 
tricuspid, 661, 673, 674, 
676 

papillary muscles, 676, 681, 
683 

pectinate muscles, G75, 679 
primitive, 134 
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Heart (cont.) 
rings, 676, 681, 683 
septa, 661 
atrial, 672 
ventricular, 681 
size, 669 
structure, 681 
surface anatomy, 1455 
surfaces, 671 
systole, 686 

trabeculae carnese, 146, 676, 
680 

valves, mechanism, 686 
aortic, 680 

atrioventricular, left, 676 
right, 676 
mitral, 679 
pulmonary, 677 
tricuspid, 676 
veins, 804 
ventricles, 661 
structure, 683 
left, 661, 669, 679 
right, 661, 669, 675 
weight, 669 
Heart block, 685 
Helicotrema, 1205, 1206, 1207 
development, 130 
Helix, 1190 
development, 132 
Hemianopia, 965 
Hemispheres, cerebellar, 926, 
930 

connexions, 1020 
development, 113, 926, 

929 

structure, 930, 933 
cerebral, 885, 974. See also 
Brain and Cerebrum 
areas, 991, 992, 993, 994, 
995 

association fibres, 988 
cells, 988, 989 
commissures, 990, 1005 
development, 115, 117 
gyri, 975 to 984 
insula, 979 
interior, 1003 
itinerant fibres, 990, 1009 
lobes, 975, 978, 979 
myelination, 998 
poles, 974 
structure, 988 
sulci, 975 

surface anatomy, 1440 
surfaces, inferior, 983 
medial, 980 
superolateral, 974 
ventricles, 1003 
white matter, 1004 
Henle’s layer of hair, 1224 
loop, of kidney, 1368 
Hensen’s cells, 1212, 1213 
line, 33 

stripe, 1213, 1214 
Hernia, 1342 
diaphragmatic, 183 
external, 1342 
femoral, 1344 

relation to abnormal ob- 
turator artery, 778 
inguinal, 1342 
origin of sac, 192 
internal, 1314 
umbilical, 74, 168 
development, 168 
Hiatus. See also Aperture and 
Opening 


Hiatus (cont,) 

for greater superficial petro- 
sal nerve, 268, 269, 298 
maxillary, 277, 317, 318 
sacral, 219, 220 
semilunaris, 275, 277, 1158 
Hilum, of kidney, 1363 
of lung, 1254 
of lymph glands, 846 
of spleen, 1421, 1425 
Hind-brain. See Rhomben- 
cephalon 

Hind-gut, 71, 162, 171 
Hip-bone, 388, 370 
acetabulum, 768, 377 
comparison with shoulder 
girdle, 332, 340, 379 
epiphyses, 378 
ilium, 368, 370 
ischium, 368, 375 
ossification, 378 
in pelvis, 379 
pubis, 374 
sex differences, 381 
structure, 378 
Hip- joint. See Joint, hip 
Hippocampal formation, 997 
evolution, 972 
Hippocampus, 985, 986 
development, 119 
structure, 987 
Histiocytes, 31 
Histology, xxxi, 1 
Homology, serial, xxxi 
Hook, of hamate bone, 367, 372 
surface anatomy, 1433 
Horizontal plane, xxxii 
Horn. See Cornu 
Humerus, 330, 345 
applied anatomy, 347 
capitulum, 343, 346 
carrying angle, 343 
epicondyles, 343, 346 
epiphyses, 346 
fracture, 347 
head, 341 

lower end, 343, 346 
nutrient artery, 747 
ossification, 346 
shaft, 341, 345 
structure, 346 

surface anatomy, 1428, 1430 
trochlea, 343, 346 
tuberosities, 341, 345 
Humour, aqueous, 1176 
vitreous. See Body, vitreous 
Huxley’s layer, of hair, 1224 
Hyaloplasm, 1, 2, 34 
Hydrocele, of spermatic cord, 
193, 1384 

of tunica vaginalis, 1384 
Hymen vaginae, 1407 
development, 190 
Hyoid bone, 284 
cornua, 284, 285 
development, 99 
movements in deglutition, 
1297 

ossification, 285 
surface anatomy, 1444 
Hypochondrium, 1304 
Hypogastrium, 1304 
Hypopallium, 972 
.Hypophysis cerebri, 964, 965 
applied anatomy, 965 
arteries, 722 

development, 117, 166, 954 
Hypospadias, 198 


Hypothalamus, 953, 968 
development, 116, 117, 962 

Ileum, 1323, 1386 
applied anatomy, 1342 
arteries, 766, 767, 1330 
development, 170 
lymph drainage, 868, 1330 
glands, 869 

mesentery, 1307, 1309, 1313, 
1327 

mucous membrane, 1328 
nerves, 1330, 1331 
structure, 1328 
veins, 843, 1330 
Hium, 368, 380 
in acetabulum, 377 
auricular surface, 369, 373 
crest, 368, 370 
homologue, 340 
nutrient foramina, 372 
ossification, 378 
in pelvis, 379 
sex differences, 381 
structure, 378 

surface anatomy, 1449, 1450 
Impression, cardia c, on lung, 
1254, 1255 
on liver, colic, 1354 
duodenal, 1354 
gastric, 1353 
oesophageal, 1353 
renal, 1354 
suprarenal, 1353 
on spleen, 1421, 1422 
trigeminal, 268, 270, 898 
Incisura. See also Notch 
apicis cordis, 670 
of medullary sheath, 41 
tentorii, 1024 
Incus, 1200 
development, 99, 131 
movements, 1201 
ossification, 1201 
Index calculation, 329, 330 
Indices in anthropology, 329 
Indusium griseum, 985, 986, 
999 

development, 121 
“ Inferior,” xxxii 
Infundibulum ethmoidale, 1158 
of frontal air-sinus, 275, 277, 
309 

of heart, 675, 676 
of hypophysis cerebri, 964 
development, 116, 945 
of lungs, 1259 
of uterine tube, 1396 
Inion, 251, 328 
surface anatomy, 1438 
Inlet of larynx, 1233 
examination, 1239 
of pelvis, 379 
of thorax, 238, 666 
Innominate bone.. >8ee Hip-bone 
Insertion of muscles, 519 
Instep, 1473 
Insula, 979 

development, 122 
gyri, 979 
opercula, 980 
structure, 995 
Insulin, 1348 

Inter- brain. See Diencephalon 
“ Internal,” xxxii 
Interijarietal bone, 289 
Intersections, tendinous, 568 
surface anatomy, 1457 
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Intestine — 

caecum. See Caecum 
crassum. See I., large 
rectum. See Rectum 
tenue. See I., small 
large, 1334. See also Colon 
apiDlied anatomy, 1342 
arteries, 769, 770, 771, 1341 
comparison with small, 
1332 

development, 170 
lymph drainage, 870 
glands, 868 
nerves, 1152, 1342 
peritoneum, 1305, 1312, 
1336 

rotation, 170 
structure, 1340, 1342 
surface anatomy, 1461 
veins, 842, 1341 
small, 1261, 1323. ^ee also 
Jejunum and Ileum 
applied anatomy, 1342 
arteries, 766, 767, 1330 
congenital stricture, 173 
development, 170 
lymph drainage, 868 
glands, 867 

mesentery, 1307, 1309, 

1313, 1327 
nerves, 1152, 1330 
peritoneum, 1326 
rotation, 170 
structure, 1328 
veins, 843, 1330 
Inversion of foot, 511 
lodothyroglohulin, 1414 
Iris, 1170 
arteries, 1171 
development, 129 
muscles, 1171 
nerves, 1171 
structure, 1170 
Ischium, 368, 375, 376 
in acetabulum, 377 
homologue, 340 
ossification, 378 
in pelvis, 379 
ramus, 376 
structure, 378 
tuberosity, 375, 377 
surface anatomy, 1469 
Islands, blood, 133 
of Langerhans, 1348 
Isthmus, aortic, 149, 694 
of external auditory meatus, 
1193 

of fauces. See I., oropharyn- 
geal 

of gyrus cinguli, 981 
nasopharyngeal, 1290 
oropharyngeal, 1261, 1290 
of pharyngotympanio tube, 
1199 

of prostate, 1391 
of rhombencephalon, 110, 
113, 123 

of thyroid gland, 1411, 1413 
surface anatomy, 1448 
of uterine tube, 1396 
of uterus, 1400 

Iter chordae. See Canaliculus, 
for chorda tympani 
Ivory. See Dentine 

Jaws, 1272 

bones. See Mandible and 
Maxfila 


Jejunum, 1323, 1326 
applied anatomy, 1342 
arteries, 766, 767, 1330 
development, 170 
lymph drainage, 868 
glands, 867 

mesentery, 1307, 1309, 1313, 
1327 

nerves, 1152, 1331 
structure, 1328 
veins, 841, 1330 
Jelly of Wharton, 13 
JOINTS, 425 

classification, 425 
development, 102 
movements, 429 
nerves, 431 
structure, 425 
amphiarthrodial. See 
J., cartilaginous 
arthrodial. See J., plane 
ball and socket, 428, 
429 

cartilaginous, 425, 426 
■ condyloid, 428, 429 
cotyloid, 428, 429 
diarthrodial. See J., 
synovial 
fibrous, 425 
ginglymus, 428, 429 
gliding, 429 
gomphosis, 426 
hinge, 428, 429 
peg and socket, 426 
pivot, 429 
plane, 429 
saddle, 428, 429 
suture, 239, 425 
symphysis and synchon- 
drosis. See J., cartila- 
ginous 

syndesmosis, 426 
synovial, 425, 426 
classification, 428 
trochoid, 429 
wedge and groove, 426 
of auditory ossicles, 1201 
of fingers, 478 
of foot, 508, 511, 512, 
1474 

of hand, 469, 473, 475 
of larynx, 1230 
of limbs, lower, 484 
upper, 452 

of pelvis, 454, 479, 481 
of ribs, 445, 447 
of sternum, 448 
of thorax, 446, 449 
of toes, 515 

of vertebral colunm, 434 to 
438 

dislocations, 445 
movements, 229, 435 
acromioclavicular, 453 
arteries, 453 

articular surfaces, 334, 
336, 338,453 
dislocation, 454 
movements, 454 
nerves, 1096 
surface anatomy, -1427 
ankle, 603 

applied anatomy, 507 
arteries, 797 

articular surfaces, 401, 
403, 408, 503, 507 
movements, 507 
nerves, 507, 1124, 1127 


Joints (cont.) 
ankle, relations, 507 
surface anatomy, 1471 
atlanto-axial, 440 
articular surfaces, . 210 
211 ' 
movements, 443 
atlanto-occipital, 443 
articular surfaces, 209 
262, 287, 443 
movements, 444 
calcaneocuboid, 509, 5] 1 
surface anatomy, 1474 
carpal, 473, 474 

movements, 475 
nerves, 1105 
mid-carpal, 474 
carpometacarpal, 475, 476 
of thumb, 475 
coccygeal, 439 
costocentral, 445 
costochondral, 449 
costotransverse, 447 
costovertebral, 445 
crico-arytenoid, 1230 
cricothyroid, 1230 
cubital. See J., elbow 
cubonavicular, 512 
cuneocuboid, 512 
cuneometatarsa], 512 
cuneonavicular, 511 
digital, of fingers, 478 
of toes, 515 
elbow, 463 

applied anatomy, 470 
arteries, 465, 750, 754 
articular surfaces, 343, 
346, 348, 350, 353, 355, 
463 

dislocation, 470 
movements, 467 
nerves, 1097, 1100, 1103, 
1105 

relations, 465 
surface anatomy, 1430, 
1431 

femoropatellar, 494 
femorotibial, 494 
hip, 484 

applied anatomy, 491 
arteries, 488, 778, 791 
articular surfaces, 377, 
384, 385, 484 
comparison with shoulder, 
489 

dislocation, 491 
movements, 488 
nerves, 488, 1115, 1117, 
1123 

relations, 487 
surface anatomy, 1467 
humeroradial, 463, 464 
humero-ulnar, 463, 464 
incudomalleolar, 1201 
incudostapedial, 1201 
intercarpal, 473, 474 
movements, 475 
nerves, 1107 
interchondi*al, 448 
inter cuneiform, 512 
intermetacarpal, 476 
intermetatarsal, 614 
interphalangeal, of fingers, 
478, 1436 
of toes, 515 
intertarsal, 508 
nerves, 1124, 1127 
intervertebral, 434, 436 
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Joints {cont.) 
knee, 491 

applied anatomy, 602 
arteries, 500, 792, 795, 
796, 797 

articular surfaces, 390, 
391, 395, 397, 491 
bursae around, 498 
movements, 500 
nerves, 500, 1115, 1117, 
1123, 1125 
relations, 499 
surface anatomy, 1467 
synovial membrane, 493 
lumbosacral, 483 
mandibular, 431 
applied anatomy, 434 
arteries, 433 

articular surfaces, 259, 
261, 279, 280, 296, 431 
dislocation, 434 
movements, 433 
nerves, 1052 
manubriosternal, 449 
metacarpophalangeal, 476 
movements, 477 
surface anatomy, 1436 
metatarsophalangeal, 514 
surface anatomy, 1474 
midearpal, 474, 475 
neurocentral, 224 
phalangeal, of fingers, 478 
of toes, 515 
pisotriquetral, 473 
radiocarpal, 471. See also 
J., wrist 

radio-ulnar, 468, 469 
movements, 469 
nerves, 1001, 1003 
inferior, 469 

articular surfaces, 350, 
353, 469 
middle, 469 
superior, 468 

articular surfaces, 350, 
353 

sacrococcygeal, 439 
sacro-iliac, 479 

articular surfaces, 220, 
222, 369, 373, 383, 479, 
483 

movements, 482, 484 
in pelvis, 482 
in pregnancy, 484 
in weight transmission, 
483 

shoulder, 456 

applied anatomy, 462 
arteries, 453, 454, 744 
articular surfaces, 333, 
336, 341, 352, 356 
bursse, 459 

comparison with hip, 484 
dislocation, 453 
movements, 459 
nerves, 453, 454, 1096, 
1097 

relations, 459 
sui-face anatomy, 1429 
sternoclavicular, 452 
applied anatomy, 453 
arteries, 453, 454 
articular surfaces, 229, 339 
movements, 454 
nerves, 453, 454, 1091 
surface anatomy, 1442 
sternocostal, 448 
symphysis pubis, 481 


Joints {cont.) 
talocalcanean, 508 
articular surfaces, 508, 509 
movements, 508, 509 
talo cal caneonavicular, 50 8 
articular surfaces, 409, 509 
talonavicular, 508 
surface anatomy, 1474 
tarsal, 508 

nerves, 1124, 1127 
transverse, 511, 1474 
tarsometatarsal, 512 
movements, 513 
nerves, 1124, 1127 
surface anatomy, 1474 
temporomandibular. See J., 
mandibular 
tibiofibular, 502 
inferior, 503 
superior, 502, 507 
transverse, of carpus, 474 
of tarsus, 511, 1474 
of vertebral arches, 436 
of vertebral bodies, 434 
wrist, 471 

applied anatomy, 470 
arteries, 470, 472, 750, 751, 
754 

articular surfaces, 350, 
360, 471 
dislocation, 470 
movements, 472 
nerves, 472, 1101, 1103 
surface anatomy, 1436 
xiphisternal, 450 
surface anatomy, 1453 
Jugal point, 329, 1439 
Jugum sphenoidale, 265, 266, 
289 

Junction, sclerocomeal, 1165 

Karyokinesis, 2 
Karyoplasm, 2 
Karyosomes, 2 
Kataphase, of cell division, 3 
Keratin, 6, 1220 
Keratohyalin, 6, 1220 
Kidney, 1361 
left, 1362 
right, 1362 

applied anatomy, 1169 
arteries, 771, 1363, 1367 
development, 184, 185 
foetal lobulation, 185, 1365 
lymph drainage, 871 
nerves, 1150, 1168 
peritoneum, 1362 
position, 1362 
relations, 1362 
structure, 1365 
surface anatomy, 1452, 1453 
veins, 840, 1368 
weight, 1361 
Knee. See Joint, knee 
Knee cap. See Patella 
Knee-jerks, 1023 
Knobs, basal, of Engelmann, 6 
Knuckles, 363 

Krause’s membrane, 333, 334 
Kupfier’s cells, 31 

Labia. See also Lips 
majora, 1405 
arteries, 781, 789, 790 
development, 197 
lymph vessels, 875 
nerves, 1112, 1122, 1128 
I veins, 832, 835 


Labia (cont.) 
minora, 1406 

development, 197 
Labrum acetabulare, 487 
glenoidale, 456, 458 
Labyrinth, bony, 1204, 1207 
development, 129 
structure, 1207 
of ethmoid bone, 276, 308 
in nasal cavity, 274, 276 
membranous, 1204, 1207 
arteries, 1215 
development, 129 
nerves, 1214 
structure, 1208 
veins, 1215 

Lacertus fibrosus. See Apo- 
neurosis, bicipital 
Lacrimal apparatus, 1187 
Lacrimal bone, 276, 312 
lesser, 312 
ossification, 312 
in orbit, 249 
in skull, 243 

Lacrimal canal iculi, 1187 
Lacrimal gland. See Gland, 
lacrimal 

Lacrimal sac, 1188, 1189 
Lactation, 1409 
Lacteals, 846, 868, 1314, 1329, 
1330 

Lacunae of bone, 20, 21 
magna, of urethra, 1378 
urethral, male, 1378, 1379 
venous, of dura mater, 813, 
815, 816, 821, 1026, 
1028 

Lacus lacrimalis, 1184 
Lagsena of cochlea, 1210 
Lambda, 244, 303, 328 
surface anatomy, 1438 
Lamellae, articular, 427 
of bone, 20 

Lamina, alar, of neural tube, 
106, 111, 891 

in medulla oblongata, 910 
in mesencephalon, 115 
in metencephalon, 113 
in prosencephalon, 115 
• in rhombencephalon, 112 
in spinal cord, 891 
basal, of choroid, 1168, 1169 
of neural tube, 106, 111, 891 
in medulla oblongata, 
910 

in mesencephalon, 114 
in metencephalon, 113 
in prosencephalon, 115 
in rhombencephalon, 
111 

in spinal cord, 891 
choriocapillary, 1168 
cribriform. See Plate, cribri- 
form 

cribrosa solerse, 1165 
of cricoid cartilage, 1228 
dental, 1278, 1279 
dentogingival, 1278 
elastic, of cornea, 662, 1166 
labiogingival, 1278 
of lens, 1178 

medullary, of lentiform nuc- 
leus, 1012 
of thalamus, 956 
papyracea. See Plate, orbi- 
tal, of ethmoid bone 
of pharyngotympanic tube, 
1199 
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Lamina {cont,) 

pterygoid. See Plate, ptery- 
goid 

quadrigemina. See Tectum, 
of mesencephalon 
reticular, of spiral organ, 
1212 

spiral, of cochlea, 1205, 1206, 
1210 

development, 130 
secondary, 1206 
suprachoroid, 1165, 1168 
tenninalis, 115, 117, 120, 
955, 968, 998 

development, 115, 116, 120 
in third ventricle, 968 
of thyroid cartilage, 1227 
vasculosa of choroid, 1168 
of vertebral arches, 206 
axis, 211, 212 
cervical, 207, 208 
lumbar, 218 
sacral, 218, 219, 220 
thoracic, 213, 214 
Landmarks, bony. See Surface 
Anatomy " 

Lanugo, 202 
Larynx, 1224 
ago changes. 1226 
applied anatomy, 1244 
arteries, 706, 734, 1240 
cartilages, 99, 1226 
ossification, 1230 
structure, 1230 
cavity, 1233 
development, 99, 179 
examination, 1240 
glands, 1240 

inlet, 1233. See also Aditus 
joints,' 1230 
ligaments, 1231 
lymph vessels, 856, 1240 
membranes, 1231 
movements in deglutition, 
1297 

mucous membrane, 1239 
muscles, extrinsic, 543 
intrinsic, 1236 
actions, 1239 

nerves, 1072, 1073, 1075, 
1240 

paralysis, 1075 
saccule, 1234 
sex differences, 1226 
sinus, 1234 

surface anatomy, 1444 
veins, 812, 826, 1240 
vestibule, 1233 
“ Lateral,” xxxii 
Layer. See also Stratum 
basal, of skin, 1219 
of cerebral cortex, 993, 994, 
995, 997, 998 
clear, of skin, 1220 
elastic, of intima of arteries, 
662 

ependymal, 105, 111, 113, 122 
ganglionic, of cerebellum, 935 
of cerebrum, 993, 994, 995 
of retina, 1173, 1174 
glomerular, of olfactory bulb, 
997 

granular, of cerebellum, 935 
of cerebrum, 993, 994, 995 
of skin, 1220 
of Tomes, 1277 
Henle’s, of hair, 1224 
homy, of skin, 1220 


Layer [cont.) 

Huxley’s, of hair, 1224 
infragranular, of cerebrum, 

993, 994, 995 

mantle, of neural tube, 105, 
111, 113, 122 

marginal, of neural tube, 
105, 111, 113, 122 
molecular, of cerebellum, 933 
of cerebrum, 993, 994, 995 
of hippocampus, 997, 998 
of olfactory bulb, 996 
of piriform area, 996 
nerve-fibre, of olfactory bulb, 
996 

neuroglia, of olfactory bulb, 
996 

nuclear, of retina, 1 173, 1174 
of olfactory bulb, 996 
papillary, of skin, 1221 
pigmented, of retina, 1173 
plexiform, of retina, 1173, 
1174 

polymorphous, of cerebrum, 
997, 998 

of hippocampus, 997, 998 
prickle cell, of skin, 1220 
pyramidal, of cerebrum, 993, 

994, 995, 997, 998 
reticular, of skin, 1221 
ofretina, 1173,1174 
rod and cone, 1173, 1174 
of skin, 1219, 1220 

Leg, arteries, 796, 799 
bones, 395 to 407 
fascia, 640 
joints, 491 to 603 
lymph vessels, 864 
muscles, 640 
nerves, 1111, 1131, 1134 
surface anatomy, 1471 
veins, 834 

Lemniscus, lateral, 922, 924, 
925, 946, 1066 
nucleus, 925 
origin, 922 
in mid-brain, 946 
in pons, 924, 925 
medial, 901, 912, 914, 917, 
919, 1018 

decussation, 912, 1018 
origin, 912 

in hypothalamus, 956 
in medulla oblongata, 912, 
914, 917, 919 
in mid-brain, 946 
in pons, 924, 925 
spinal, 900, 917, 924, 925. 
1020 

in medulla oblongata, 917 
in mid-brain, 926 
in pons, 924, 925 
trigeminal, 924, 925, 946, 
1020 
Lens, 1177 
age-changes, 1178 
development, 127 
structure, 1177 
suspensory ligament, 1X77 
Lens-fibres, 1178 
Leucoc 3 rtes, 28, 29 
development, 133 
Lien. See Spleen 
LIGAMENTS, 427 

development, 102 
functions, 427 
structure, 425 
tension, 431 


Ligaments (cont.) 

of acetabulum, 484, 487 
of acromioclavicular joint 
453 

of ankle-joint, 505 
of atlas, 442, 443 
of auditory ossicles, 1201 
of auricle, 1191 
of bladder, 574, 1373 
false, 1374 
of carpus, 475 
of costotransverse joints 
447, 448 

of costovertebral joints, 
446 

of dens. See Lig. of odont- 
oid process 

of elbow-joint, 463, 464 
of eyeball, 1 182 
of eyelids, 525, 527, 1185, 
1189 

of foot, 508, 509, 510, 611, 
512, 513, 514 
of band, 475, 476, 478 . 
of hip-joint, 484, 486 
of incus, 1201, 1204 
of interphalangeal joints 
of fingers, 478 
of toes, 515 

of intervertebral joints, 
434, 436 

of knee-joint, 492, 495, 
496, 498 
functions, 501 
of larynx, 1231, 1282 
of liver, 689, 844, 1304, 
1361 

of malleus, 1201, 1204 
of mandibular joint, 431 
of metacarpus,* 476, 477 
of metatarsus, 515 
of mid-carpal joints, 475 
of odontoid process, 442 
of ovary, 1394 
development, 193 
of pelvis, 479 
in pregnancy, 454 
of radio-ulnar joints, 468 
of ribs, 445, 447 
of sacro-iliac joints, 479 
of scapula, 456 
of shoulder-joint, 456 
of skull, 239, 425, 444 
of stapes, 1201, 1204 
of sternoclavicular joint, 
453 

of tarsu.s, 509, 510 
of tibioHbular joints, 503 
of uterus, broad, 1306, 
1308, 1403 
contents, 1403 
cervical, transverse, 
1404 

round, 1404 
homologue, 197, 1404 
of vena cava, left, 158, 
691, 805, 827 
development, 691 
of vertebral column, 435, 
437 

of wrist-joint, 471, 472 
accessory, 427 
plantar. See Lig., plantar 
volar. See Lig., palmar 
acetabular, transverse, 487 
acromioclavicular, 453 
alar, of odontoid process, 
443, 444 
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Ligaments (cont.) 

annular, of radius, 468 
of stapes, 1201, 1204 
anterior, of ankle, 604 
of elbow, 463 

apical, of odontoid process, 
444 

arcuate, lateral, 555 
medial, 555 
median, 555, 556 
of knee, 495 

pubic. See Lig. pubic, 
inferior 

arteriosum, 98, 149, 689, 691, 
694 

axis, of malleus, 1201 
bifurcated, 510 
broad, of uterus, 1306, 1307, 
1401 

contents, 1401 
calcaneocuboid, dorsal, 510 
medial, 510 

plantar. See Lig. plantar, 
short 

calcaneofibular, 507 
calcaneonavicular, lateral, 
510, 611 
plantar, 511 
in arch of foot, 516 
function, 512 
surface anatomy, 1475 
calcaneotibiaJ, 505, 507 
capsular, 427 

of individual joints. See 
Joints 

. caroticoclinoid, 294 
carpal, dorsal, transverse 
and volar. See Eetina- 
cula, extensor and flexor, 
of wrist 

cervical, of uterus, 1402 
check, of eyeball, 1182 
collateral, metacarpophalan- 
geal, 476 

metatarsophalangeal, 

514 

of elbow, knee and wrist. 
See Ligs., medial and 
lateral 
conjugale, 446 
conoid, 453, 455 
of Cooper. See Lig., pec- 
tineal 

coraco-acromial, 456 
coraooclavicular, 453, 454 
coraoohumeral, 458 
coronary, of knee, 498 
of liver, 1306, 1351 
development, 177 
costoclavicular, 463, 455 
costocoracoid, 588 
costotransverse, 447, 448 
costoxiphoid, 448 
crico-arytenoid, 1230 
cricopharyngeal, 1231 
cricothyroid, 1232 
cricotracheal, 1232, 1244 
cruciate, of atlas, 443, 445 
of Imee, 496 

functions, 501 
relation ro synovial 
membrane, 491 
rupture, 502 
anterior, 497 
posterior, 497 

crural, cruciate and trans- 
verse. See Retinacula, 
extensor, of ankle 


Ligaments {cont.) 
cubonavicular, 512 
cuneocuboid, 512 
cuneonavicular, 512 
deltoid, 505, 507 
denticulatum, 888, 1028, 

1030 

falciform, of liver, 1306, 
1309, 1350, 1351 
development, 177 
flavum, 437 

f undiform, of penis, 659, 1389 
gastrophrenic, 1311, 1318 
development, 177 
gastrosplenic, 1309, 1311, 
1318, 1422 

development, 177, 179 
glenohumeral, 457 
of head of femur, 486 
hepatoduodenal, 1306, 1312 
hepatogastric, 1306, 1312 
hepatorenal, 1306 
hyo-epiglottic, 1230, 1232 
iliofemoral, 485, 486, 490 
functions, 490 
iliolumbar, 480 
iliotrochanteric, 486 
infundibulopelvic, 1394, 1404 
inguinal, 560, 563 

relation to hernia, 1342 
surface anatomy, 1465 
pectineal part, 560, 663 
relation to femoral ring, 
785, 786, 1344 
reflected part, 561, 563 
intercarpal, 473, 474 
interchondral, 449 
interclavicular, 452 
interclinoid, 294 
intercomual, 220, 439 
inter cuneiform, 512 
interfoveolar, 568 
intermetacarpal, 476 
intermetatarsal, 514 
interosseous, of carpus, 473, 
474 

of metacarpus, 476 
of metatarsus, 512, 613 
sacro-iliac, 479 
talocalcaneal, 509 
of tarsus, 509, 512 
tibiofibular, 603 
interspinous, 438 
inteitransverse, 438 
intra-articular, costovert- 
ebral, 447 
sternocostal, 448 
ischiofemoral, 486, 486 
laciniate. See Retinacultim, 
flexor, of ankle 
lacunar. See Lig., inguinal, 
pectineal pai-t 
lateral, of ankle, 505 
of carpus, 474 
of elbow, 467 
of knee, 496 
short, 495 
of wrist, 472 

lienorenal, 1309, 1311, 1318, 
1422. 

development, 177, 179 
longitudinal, anterior, 434 
posterior, 434 
lumbocostal, 447 
medial, of carpus, 474 
of elbow, 465 
relation to ulnar nerve, 
467 


Ligaments (cont.) 
medial, of knee, 496 
of vTist, 472 
metacarpal, 476 
transverse. See Lig., trans- 
verse, of palm 
metatarsal, 514 
transverse. See Lig., trans- 
verse, of sole 

of neck of rib. See Lig., 
costotransverse, inferior 
nuchae, 437 

oblique posterior, of knee, 
495 

occipito-axial, 443 
ovarian, 1394 
development, 193 
palmar, of carpus, 473, 474 
of metacarpus, 476 
palpebral, lateral, 525, 1185 
medial, 527, 1185, 1189 
patellae, 494, 501, 627 
surface anatomy, 1467 
pectinate, of iris, 1167 
pectineal, 564 
perineal, transverse, 579 
petrosphenoidal, 1057 
phrenicocolic, 1314, 1336, 
1423 

pisohamate, 474 
pisometacarpal, 474 
plantar, long, 510 

in arches of foot, 516 
of metatarsophalangeal 
joints, 515 
short, 610 

popliteal, arcuate, 495 
oblique, 495 
posterior, of ankle, 603 
of elbow, 464 
of knee, oblique, 496 
pterygomandibular, 631 
pterygospinous, 294, 635 
ossification, 294 
pubic, inferior, 482 
superior, 482 
pubofemoral, 485, 486 
puboprostatic, 574, 1373, 
1374, 1391 
pulmonary, 1249 
quadrate, 468 
radiate, of carpus, 473 
of rib, 446 

radiocarpal, anterior, 471 
posterior, 472 

round, of head of femur, 486 
of liver, 689, 844, 1304, 

1351 

of uterus, 1401 
development, 193 
homologue, 193, 1402 
sacrococcygeal, 439 
sacro-iliac, anterior, 479 
interossepus, 479 
posterior, 479 
sacrospinous, 480 
sacrotuberous, 480 
surface anatomy, 1464 
sphenomandibular, 99, 432 
development, 99 
spinoglenoid, 456 
spring, 511. See also Lig . , cal- 
caneonavicular, plantar 
sternoclavicular, 450, 462 
sternocostal, 448 
sternopericardial, 668 
stylohyoid, 541 
development, 99 



1504 


INDEX 


Ligaments 

stylomandibular, 433, 537, 
1266 

suprascapular, 332, 456 
supraspinous, 437 
suspensory, of axilla, 456, 586 
of breast, 1408 
of clitoris, 1407 
of eyeball, 1182 
of lens, 1177 

of ovary. See Lig., infundi- 
bulopelvic 
of penis, 1389 
of thyroid gland, 1413 
sutural, 426 
talocalcanean, 508 
interosseous, 508 
talofibular, 505, 507 
talonavicular, 509 
talotibial, 505 
tarsometatarsal, 513 
temporomandibular, 432 
teres femoris. See Lig., of 
head of femur 
of liver, 689, 842, 1304, 
1353 

of uterus, 1403 
thyxo-epiglottic, 1230^ 1232 
thyrohyoid, lateral, 1231, 
1232 

median, 1231 
tibiofibular, inferior, 503 
transverse, of acetabulum, 
487 

of atlas, 443, 445 
deep, of palm, 477 
of sole, 515 
of humerus, 458 
of knee, 498 
of palm, deep, 477 
superficial, 615 
of scapula. See Ligs., 
suprascapular and spino- 
glenoid 

of sole, deep, 514 
tibiofibular, inferior, 503 
trapezoid, 454 

triangular, of liver, 1306,1361 
of tubercle of rib. See Lig., 
costotransverse, lateral 
umbilical, lateral, 1307, 1374 
development, 776 
relation to bladder, 1374 
median, 1371, 1374 
uterosacral, 1403 
uterovesical, .1403 
vaginal, of fingers, 601 
of toes, 656 

of vena cava, left, 158, 691, 
805, 827 

development, 158 
venosum, 689, 842, 1353 
vertebropelvic, 479 
vestibular (ventricular), of 
larynx, 1234 
vocal, 1232, 1235, 1239 
volar. See Ligs., palmar 
Y-shaped, 485, 486, 490 
Limb buds, 100 
Limb girdles. See Girdles, pelvic 
and shoulder 
LIMBS— 

axial lines, 1131 
comparison, 331, 379 
development, 100 
innervation of muscles, 
1133, 1134 
of skin, 1130 


Limbs {cont.) 

rotation, 101 
structure, 331 
lower, arteries, 785 
bones, 368 
development, 100 
fascia, 620 

innervation, cutaneous, 
1131 

muscular, 1134 
joints, 484 
lymph drainage, 862 
glands, 862 
muscles, 620 

development, 102 
nerves, 1111, 1131, 1134 
rotation, 101 
segmentation, 100 
surface anatomy, 1465 
sympathetic supply, 1149 
veins, 832, 834 
upper, arteries, 727 
bones, 332 
development, 100 
fascia, 582 

innervation, cutaneous, 
1130 

muscular, 1133 
joints, 452 

lymph drainage, 857, 859, 
860 

glands, 858 
muscles, 582 
development, 100 
nerves, 1093, 1130, 1133 
rotation, 101 
segmentation, 101 
surface anatomy, 1427 
veins, 823, 824 

Limbus fossse ovalis. See Ann- 
ulus ovalis 
laminae spiralis, 1210 
Limen insulae, 980 
nasi, 1157 
Line or Linea — 
alba, 560, 570 
adminioulum, 564 
surface anatomy, 1457 
arcuate, of pelvis, 369, 374, 
375, 379 
structure, 378 
of rectus sheath, 569 
surface anatomy, 1459 
aspera, 387, 389 
axial, of limbs, 1131, 1132 
azygos, 156 

BrodeLs, of kidney, 1168, 
1169 

contour, of Owen, 1277 
Dobie’s, 33 
epiphyseal, 25 
Fromann’s, 41 
gluteal, 369, 380 
Hensen’s, 33 

intercondylar, of femur, 391, 
393 

intertrochanteric. See L., 
trochanteric 
median, xxxii 
mylohyoid, 277, 280 
Nelaton’s, 1471 
nuchal, 251, 262, 263, 285 
oblique, of mandible, 277,279 
of radius, 348, 350 
of thyroid cartilage, 1227 
of ulna, 354 

pectineal, of pubis, 374, 375, 
389 


Line or Linea (cont.) 

of pleural reflection, 1247 
1250 

surface anatomy, 1454 
popliteal. See L., soleal 
of Schreger, 1277 
semicircularis. See L., arcu- 
ate, of rectus sheath 
semilunaris, 570 

surface anatomy, 1457 
soleal, 398, 399 
spiral, of femur, 385, 388 
splendehs, 1030 
supracondylar, of femur, 383, 
390 

of humerus, 343, 346 
temporal, 251, 302 
surface anatomy, 1439 
trapezoid, 338, 339 
trochanteric, 384, 385, 387 
vertical, of tibia, 398, 400 
white, of anal canal, 1340 
of pelvis. See Arch, ten- 
dinous, of pelvic fascia 
Lingua. See Tongue 
Lingula of cerebellum, 927 
of mandible, 279, 280 
of sphenoid bone, 268, 290 
Linin, 2 
Lipoids, 1418 

Lijs, of iliac crest, 368, 370 
of mouth, 1262 
arteries, 709 
development, 96, 162 
lymph drainage, 853 
nerves, 1048 

philtrum, of upper, 94, 
531, 1263 
structure, 1262 
veins, 806 
rhombic, 112 
tympanic, 1210 
vestibular, 1210 
Liquor amnii, 73 
folliculi, 1395 
Liver, 1349 

applied anatomy, 1359 
arteries, 763, 1354, 1355 
bare area, 1351, 1352 
capsule, 1311, 1354 
development, 177 
ducts, 1357 

excretory apparatus, 1357 
foetal, 689 

ligaments, 1304, 1351 
lobes, 1350 
lymph drainage, 867 
glands, 866 
nerves, 1355, 1356 
peritoneum, 1350, 1351 
porta hepatis, 1354 
structure, 1355 
surface anatomy, 1460 
surfaces, 1351 
veins, 840, 1354, 1355 
weight, 1349 
Lobe, Lobes — 

caudate, of liver, 1350, 1352 
of cerebellum, 927 
of cerebrum, 975 
frontal, 975 
occipital, 979 
parietal, 978, 979 
temporal, 978 
of liver, 1350 
of lungs, 1256 
of mammary gland, 1408 
olfactory, 971, 1255 
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Lobe, Lobes {cont.) 
of prostate, 1391 
median, in bladder, 1375 
quadrate, of liver, 1350, 
1353 

of testis, 1381, 1382 
of thymus, 1420 
of thyroid gland, 1411, 1413 
pyramidal, 1413 
Lobule, of auricle of ear, 1190 
of cerebellum, 927, 928 
of cerebrum, paracentral, 981 
parietal, inferior, 995, 997 
surface anatomy, 1440 
superior, 995, 997 
of epididymis, 1382 
of liver, 1355 
parietal, inferior, 995, 997 
of thymus, 1420 
Locus, cseruleus, 941 
Loop of Henle, 1367 
Lumbar puncture, 1029 
Lunate bone, 357, 360 
homology, 417 
ossification, 366 
Lung, Lungs, 1254 
left, 1255 
right, 1254 
age changes, 1252 
alveoli, 1259 
apex, 1253 

surface anatomy, 1449, 
1451 

applied anatomy, 1260 
arteries, 691, 757, 759, 1259 
base, 1253 
borders, 1255 
surface anatomy, 1454 
development, 180 
fissures, 1256 
surface anatomy, 1454 
foetal, 1259 
lobes, 1256, 1258 
lymph drainage, 878 
glands, 878 

nerves, 1071, 1074, 1260 
roots, 1257 
structure, 1258 
surface anatomy, 1448, 1451, 
1464 

surfaces, 1254 
veins, 804, 830, 1260 
weight, 1252 
Lung buds, 179, 180, 181 
Lunulse, of aortic valves, 680 
of nails, 104, 1222 
of pulmonary valves, 677 
Lymph, 31, 844 
Lymph capillaries, 31 
Lymph corpuscles, 832 
Lymph duct, right, 845, 850 
thoracic, 848. See Duct, 
thoracic 

Lymph follicles, 847 
of tonsil, 1293 
Lymph glands, 844, 846 
arteries, 848 
development, 162 
infection, 848 
structure, 846 
of abdomen, parietal, 864, 
871 

visceral, 865 
of colon, 868 
of face, 853 
of head, 851 
of intestine, large, 868 
small, 867, 868 

G.A. 


Lymph glands {conL) 
of Hmbs, lower, 862 
upper, 857 
of neck, 851 
of pelvis, 864 
of rectum, 868 
of stomach, 865 
of thorax, parietal, 876 
visceral, 877 
apical, of axilla, 859 
aortic, 865, 871 
auricular, 862, 853 
axillary, 858 
bronchopulmonary, 878 
central, of axilla, 859 
cervical, anterior, 854 
deep, inferior, 851 
superior, 851 
superficial, 853 
coeliac, 865 
colic, 868 
cystic, 866 
deltopectoral, 859 
diaphragmatic, 876 
epicolic, 868 

epigastric, inferior, 871, 875 
facial, 853 
gastric, 865 
left, 865 
paracardial, 865 
pyloric, 866 
gastro-epiploic, 865 
hepatic, 866 
hypogastric, 871 
ileal, 869 
ileocolic, 868 
iliac, circumflex, 871 
common, 871 
external, 871 
internal, 871 
infraclavicular, 859 
infrahyoid, 854, 855 
inguinal, deep, 862, 864 
superficial, 862, 864 
innominate, 877 
intercostal, 876 
jugulo-digastric, 851, 856, 857 
jugulo-omohyoid, 851, 856, 
867 

lingual, 855 
lumbar, 865, 871 
mammary (internal), 876 
mastoid, 853 
mediastinal, 878 
mesenteric, inferior, 868 
superior, 868 
of mesentery, 868 
obturator, 871 
occipital, 853 
pancreaticoduodenal, 867 
pancreaticosplenio, 866 
paracardial, 868 
paracolic, 868 
pararectal, 868 
paratracheal, 856 
in thorax, 878 

parietal, of abdomen, 864, 871 
of thorax, 876 
parotid, 852, 853 
pectoral, 858 
popliteal, 864 
pre-aortic, 866 
prelaryngeal, 854, 855 
pretracheal, 854, 855 
pulmonary, 878 
pyloric, 866 
retro-aortic, 865 
retropharyngeal, 855 
3 B 


Lymph glands (cont.) 
sacral, lateral, 871 
sternal, 876 

submandibular (submaxill- 
ary), 853 
submental, 853 
subscapular, 859 
supratrochlear, 859 
terminal, colic, 868 
tibial, anterior, 864 
tracheobronchial, 878 
applied anatomy, 878 
visceral, of abdomen, 865 
of thorax, 877 

Lymph nodes, aggregated, 1326, 
1328, 1330 

soKtary, 1328, 1329, 1341 
of spleen, 1425 
of stomach, 1323 
Lymph vessels, 844 

applied anatomy, 848 
deep, 845 
distribution, 845 
nerves, 846 
structure, 844, 845. 
superficial, 845 
valves, 846 
of bone, 20 
of muscle, 34 
Lymphatic drainage — 
of abdominal waU, 875 
of anal canal, 870 
of anus, 870 

of appendix vermiformis, 870 
of arm, 859 
of bile duct, 868 
of bladder, 873 
of buttock, 864, 875 
of csecum, 870 
of cheek, 853 
of colon, 868, 870, 1342 
of diaphragm, 876 
of duodenum, 866, 867 
of ear, external, 852 
middle, 855 
of epiglottis, 857 
of eyelids, 853 
of face, 853 
of fingers, 859 
of foot, 864 
of fore-arm, 859 
of gall bladder, 868 
of hand, 859 
of head, 85L 
of heart, 878 
of ileum, 868 

of intestine, large, 868, 870 
1342 

small, 868 
of jejunum, 868 
of kidney, 871 
of larynx, 855 
of leg, 864 

of limb, lower, 862, 864 
upper, 857, 859, 860 
of lip, 853 
of liver, 867 
of lungs, 878 
of mammary gland, 861 
of mastoid antrum, 855 
of mouth, 855 
of nasal cavity, 855 
of neck, 854 
of nose, 853 
of oesophagus, 857, 879 
of ovary, 874 

of palate, hard and soft, 855 
of pancreas, 868 
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Lympliatic drainage {cont.) 1 

of parathyroid gland, 1415 
of parotid gland, 1269 . ] 

of pelvis, 864 
of penis, 874 
of pericardium, 878 
of perineum, 875 
of pharyngotympanio tube, 
855 

of pharynx, 855, 857 
of pleura, 878, 879 
of prostate, 874 
of rectum, 870 
of reproductive organs, fe* 
male, 874 
male, 873 
of scalp, 852 
of scrotum, 874 
of seminal vesicle, 874 
of spermatic cord, 873 
of spleen, 868 
of stomach, 866 
of suprarenal gland, 1418 
of teeth, 855 
of testis, 873 
of thigh, 864 
of thoracic wall, 875 
contents, 877 
of thorax, 875 
of thymus, 875, 879 
of thyroid gland, 855, 1414 
of tongue, 855, 856 
of tonsil, 855, 856 
of trachea, 855 
of tympanum, 855 
of urethra, 873 
of ureter, 872 
of urinary tract, 871 
of uterine tube, 874 
of uterus, 874 
of vagina, 875 
of vas deferens, 874 
of vulva, 875 
Lymphatic system, 844 
development, 160 
Lymphocytes, 29 
development, 133 

Macrocyte, 31 
Macrophages, 31 
Macula acustica. See M., of 
saccule, and M., of utricle 
cribrosa, of labyrinth, 1204 
lutea, 1172, 475 
cortical area, 994 
structure, 1175 
of saccule, 1208, 1209 
of utricle, 1207, 1209 
Magma cavity, 55 
Malleolus, lateral, 403, 406 
surface anatomy, 1471 
medial, 401, 402 
surface anatomy, 1471 
Malleus, 1200 
development, 99, 131 
movements, 1202 
ossification, 1200 
relation to tympanic mem- 
brane, 1194, 1195 
Mamma. /See Gland, mammary 
Mandible, 277, 279 

alveolar part, 279, 1272 
angle, 279, 280, 282 
body, 277, 279 
canal, 279 • 

condyloid process, 279, 280 
movements, 432 
ramus, 279, 280 


Mandible (cont.) 
age changes, 282 
dislocation, 432 
fractures, 331 
growth, 282, 327 
movements, 432 
ossification, 281 
surface anatomy, 1442 
Manubrium of malleus, 1194, 
1200 

stemi, 229, 231 * 

ossii^oation, 232 
surface anatomy, 1453 
Margin, infra-orbital, 245, 1442 
supra-orbital, 245, 304, 1438 
Marrow of bones, 19, 27 
Martinotti, cells of, 989, 993 
Mass, cell, formative, 53 
inner, 53 

intermediate, 61, 65, 183, 
184 

lateral, of atlas, 209 
ossification, 225 
of ethmoid, 307 
of sacrum, 219, 220 
Massa intermedia. See Con- 
nexus, interthalamicus 
Mastication, muscles of, 532 
Mastoid temporal, 297. See 
also Temporal bone 
Matrix, of cartilage, 15 
of connective tissue, 8 
of dentine, 1276, 1277 
of nail, 1222 

Matter, grey and white, 37. See 
cdso Substance 

Maturation of ovum, 46, 1396 
MaxiUa, 246, 276, 816 
age changes, 321 
fractures, 331 
ossification, 321 
body, 316 

in nasal cavity, 273, 276 
in norma frontalis, 246 
processes, alveolar, 319, 1272 
frontal, 319 
palatine, 319 
in palate, 256j 257 
zygomatic, 318 , 
sinus, 311, 318, 1163 
growth, 321 

opening into nasal cavity, 
277 

Meatus, auditory, external, 252, 

300, 1190 

applied anatomy, 302, 
1194 

arteries, 710, 711, 1194 
bony part, 262, 300, 
1190 

cartilaginous part, 1190, 
1193 

development, 131 
growth changes, 302 
lymph drainage, 852 
nerves, 1062, 1072, 
1090, 1194 

internal, 271, 272, 298 
development, 132 
nasal, inferior, 274, 310, 1168 
bony walls, 274, 276 
middle, 275, 309, 1159 
bony walls, 275, 277 
superior, 276, 309, 1158 
bony walls, 275, 277 
urinary, external, 1378. See 
also Orifice, urethral 
development^ 196 


Mechanism, of deglutition, 1299 
of pelvis, 482, 484 
of respiration, 588 
of thorax, 879 
Meckel’s cartilage, 99, 281 
diverticulum, 173, 1328 
Media, refracting, of eye, 1176 
“ Medial,” xxxii 
Mediastinum testis, 1381 
thoracic, 667, 1252 
subdivisions, .1252 
surface anatomy, 1453 
Medulla, of bone, 19, 27 
of hair, 1224 
of kidney, 1365 
of lymph gland, 846 
oblongata, 886 
arteries, 734, 735 
comparison with spinal 
cord, 904, 905 
development, 112 
sections, 911, 912, 914, 917 
structure, 911, 912, 914, 
917 

veins, 814 

spinal. See Cord, spinal 
of suprarenal glands, 1416, 
1418 

development, 126 
of thymus, 1420 
Megakaryocytes, 28, 30 
Megaloblast, 133 
Meissner’s plexus, 1138, 1332 
Melanin, 13 
MEMBRANE— 

ossification in, 22 
anal, 172, 174 
atlanto-occipital, 444 
basement, 4, 14 
basilar, of cochlea, 1205, 
1209, 1211 

of brain, 1023. See also 
Meninges 

buccopharyngeal, 60, 71, 162 
cloacal, 67, 71, 171, 198 
cricovocal, 1232, 1235 
elastic, of larynx, 1232 
fenestrated, 12 
foetal, 73 

hyaloid, 1176, 1177 
hyoglossal, 1289 
intercostal, anterior, 652 
posterior, 552 

interosseous, of forearm, 469 
of leg, 603 
Krause’s, 33, 34 
of larynx, 1231, 1232 
limiting, of neural tube, 105 
of ovarian follicle, 1395 
of retina, external, 1175 
internal, 1175 
mucous, of anal canal, 1340 
of bile duct, 1359 
of bladder, 1374, 1376 
of bronchi, 1244, 1269 
of cheeks, 1263 
of colon, 1341 
of duodenum, 1328 
of ejaculatory duct, 1386 
of gall-bladder, 1359 
of intestine, large, 1341 
small, 1328 
of larynx, 1329, 1340 
of mouth, 1262 
of nose, 1160 
of oesophagus, 1302 
of palate, 1263 
of pancreatic duct, 1349 
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Membrane (cont.) 
mucous, of pbaryngotym- 
panic tube, 1199, 1294 
of pharynx, 1294 
of rectum, 1341 
of stomach, 1322 
of tongue, 1289 
of trachea, 1244 
of tympanic cavity, 1202 
of ureter, 1370 
of urethra, 1379, 1380 
of uterine tube, 1397 
of uterus, 1401, 1402 
of vagina, 1405 
of vas deferens, 1385 
of vermiform appendix, 
1335 

of vocal folds, 1240, 1244 
Nasmyth’s, 1280 
nuclear, 2 
obturator, 635 
perineal, 579, 1378 

applied anatomy, 1378 
in female, 580 

periodontal. periosteum, 
alveolar 

pleuroperitoneal, 181, 182 
pupillary, 1170, 1171 
development, 127, 128 
of spinal cord. See Meninges 
suprapleural, 1247, 1253 
synovial, 427 

of anMe-joint, 505 
of carpus, 475 
of elbow-joint, 464 
of hip-joint, 485 
of knee-joint, 493 
of mandibular joint, 431 
of metacarpus, 476 
of metatarsus, 514 
of shoulder- joint, 458 
of talocalcaneal joint, 508 
of tarsus, 514 
of wrist-joint, 471 
tectoria, of atlanto-axial 
joint, 443, 444 
of spiral organ, 1212, 1213, 
1214 

thyrohyoid, 1231 
tympanic, 1194, 1196 
pars flaccida, 1196 
secondary, 1197, 1206 , 
1207 

applied anatomy, 1203 
arteries, 702, 708, 711, 713, 
1197 

development, 131 
examination of, 1194 
mucous membrane, 1202 
nerves, 1069, 1197 
recesses, 1202 
structure, 1196 
urogenital, 172 
rupture of, 193 
vestibular,* 1209, 1210 
Membrane bones, 90 
Meninges, 1023 

development, 124 
cerebral, 1023, 1026, 1030 
arteries, 706, 713, 714, 722 
nerves, 1047, 1051, 1072 
structure, 1025, 1027 
veins, 1026 

spinal, 1023, 1026, 1030 
arteries, 733, 734, 759, 
773, 782 
nerves, 1085 
structure, 1026 


INDEX 

Meninges, spinal, veins, 830, 831 
Menisci. See Cartilage, semi- 
lunar 

Menstruation, 1400 
Mesamoeboids, 133 
Mesencephalon, 123, 942 
arteries, 727, 735 
derivatives, 123 
development, 114, 942 
corpora quadrigemma, 947 
peduncles, 943 
red nucleus, 947 
structure, 945, 946, 949 
Mesenchyme, 53, 55, 62 
Mesentery, the, 1307, 1309, 
1313, 1327 
development, 170 
lymph glands, 868 
surface anatomy, 1463 
of vermiform appendix, 
1314, 1335 

Mesocolon, pelvic, 1307, 1308, 
1314 , 1337 

transverse, 1307, 1314 , 1336 
development, 170 
Mesoderm, 59, 61 , 65 
comparative embryology, 63 
derivatives, 61, 98 
gastral, 65 

intermediate cell mass, 61, 
65, 183, 184 
intra-embryonic, 53, 65 
lateral plate, 61, 65, 91 
paraxial, 61, 65 
prostomial, 65 
secondary, 69, 61 
segmentation, 66 
somites, 66 

Mesoduodenum, 168, 174 
Mesogastrium, dorsal, 168, 177 
ventral, 168, 177 
Mesogenitale, 192, 193 
Mesonephros, 184 
derivatives, 197 
Mesorchium, 192 
Mesosalpinx, 1404 
Mesothelium, 5, 62 
arachnoid, 1029 
of dura, 1023 
of eye, 1067 
Mesovarium, 1394 
development, 193 
Metacarpal bones, 363 
ossification, 366, 367 
surface anatomy, 1436 
Metacarpus, 363 

comparison with metatarsus, 
423 

Metameres, 66 

Metamerism, in diencephalon, 
953 

in mesencephalon, 943 
in rhombencephalon, 904 
in spinal cord, 904 ' 

of spinal nerves, 1129 
Metanephros, 186, 186 
Metaphase, of cell division,'3 
Metatarsal bones, 417 
ossification, 421 
surface anatomy, 1473 
Metatarsus, 417 

comparison with metacarpus, 
423 

Metathalamus, 953, 959 
development, 115, 953 
Metencephalon, 113, 123, 886 
Microcytes, 28 

Mid-brain. See Mesencephalon 


Mid-gut, 71, 162, 170 
development, 69, 162 
rotation, 170 

Middle ear. See Cavity, tym- 
panic 

Milk, 1407, 1409 
Milk-ridge, 104 
Minot, mesamceboids of, 133 
Mitochondria, 2 
Mitosis, 2 
heterotypical, 4 
homotypical, 4 
Moderator band, 677, 684 
Modiolus of cochlea, 1205, 1207 
development, 130 
Monorchism, 1384 
Mons pubis, 1405 
Morphology, xxxi. See under 
individual structures 
Morula, 53 
Mouth, 1261 

primitive, 162 
cavity, 1261 
development, 162 
lymph vessels, 162 
mucous membrane, 1262 
muscles, 528 
roof, 1262 
vestibule, 1261 
Mouth breathing, 1298 
MOVEMENTS— 

athetoid, 1014 
range, 429 
reflex, 949 
varieties, 429 
of abduction, 430 
accessory, 431 
of adduction, 430 
angular, 430 

automatic, associated, 896, 
937, 1014 

of circumduction, 430 
of dorsiflexion, 430 
of eversion, 511 
of extension, 430 
of flexion, 430 
gliding, 429 
of inversion, 511 
of opposition, 475 
of plantar flexion, 430 
of pronation, 470 
of rotation, 430 
of supination, 470 
of ankle, 507 

of arytenoid cartilages, 1231, 
1235, 1239 

of atlanto-axial joint, 210, 
211 

of atlanto-occipital joint, 443 
of auditory ossicles, 1202 
of calcaneocuboid joint, 511 
of carpal joints, 475, 476 
of clavicle, 448, 454 
of coccyx, 440 
of deglutition, 1299 
of diaphragm, 557 
of elbow, 467 
of eyes, 1182 
reflex, 949, 962 
of fingers, 477, 478 
of foot, 507, 509, 511, 512 
of hand, 474, 475 
of head, 443, 444 
reflex, 949 
of hip- joint, 488 
of knee-joint, 500 
of larynx, 1231, 1235, 1239 
of mandible, 433 
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Movements {cont.) 
of mastication, 433 
of metacarpophalangeal 
joints, 477 

of metatarsophalangeal 
joints, 514 
of patella, 501 
of pelvis, 482, 484 
of radio-Tilnar joints, 469 
of respiration, 558 
of rihs, 460 , 457 
of sacro-iliac joints, 482, 484 
of scalp, 524 

of scapula, 454, 455, 460, 590 
of shoulder-joint, 459 
of sternoclavicular joint, 454 
of sternum, 449 
of talocaloanean joints, 508, 
509 

of tarsal joints, 510, 511 
of thorax, 450, 558 
of thumb, 475 
of toes, 514 

of vertebral column, 229, 438 
of vocal folds, 1231, 1235 
of "wrist- joint, 472 
Movers, prime, 521 
Mucinogen, 5 

Mullerian duct. See Duct, 
paramesonephric 
Multangular bone, greater. See 
Trapezium 

lesser. See Trapezoid bone 
MUSCLE or MUSCLES— 
actions, 521 
effect of gravity, 521 
antagonist, 521 
aponeuroses, 519 
attachments, 519, 520 
bipennate, 520 
capillaries, 34 
cardiac, 36, 519 
columns, 33 
contraction, 34, 59, 520 
development, 36, 100, 
102, 103 
fasciculi, 32 
fibres, 32 
fixation, 521 
forms, 520 
fusiform, 520 
histology, 32 
innervation, 1133, 1134 
insertion, 519 
involuntary. See M., 
unstriped 

line of pull, 520, 521 
lymphatics, 34 
movers, prime, 521 
multipennate, 520 
origin, 519 
plain, 36, 519 
prime mover, 521 
quadrilateral, 520 
segmentation, 103 
straplike, 520 
striped, 32, 519 
structure, 32 
synergic, 521 
tendons, 519 
triangular, 520 
unipennate, 520 
unstriped, 35, 519 
development, 36, 103 
voluntary. See M., 
striped 

acting on ankle-joint, 507 
arches of foot, 517 


Muscle or Muscles (cont.) 
acting on atlas, 210, 21 1 
carpometacarpal joint of 
thumb, 475 
elbow- joint, 467 
eyeball, 1182 
fingers, 478 
head, 443, 444 
hip-joint, 488 
knee-joint, 500 
mandible, 434 
metacarpophalangeal 
joints, 477 
metatarsophalangeal 
joints, 514 

radio-ulnar joints, 469 
shoulder-girdle, 434, 455, 
460, 590 
joint, 459 

tarsal joints, 510, 511 
toes, 514 

vertebral column, 229, 
438 

vocal folds, 1231, 1235 
wrist-joint, 472 
of regions and organs — 
of abdomen, antero- 
lateral, 559 
posterior, 572 
surface anatomy, 1457, 
1459 

of anal region, 576 
antebrachial, anterior, 
595 

posterior, 604 
of appendix, 1335 
of arm, 593 

of auricle of ear, 1191, 
1192 

of back, 546 
surface anatomy, 1449 
of bile duct, 1359 
of bladder, 1375 
of buttock, 631 
cervical, 535 
crural, anterior, 640 
lateral, 645 
posterior, 642, 644 
of ejaculatory duct, 1386 
of eyeball, 1178 
actions, 1182 
appliedanatomy, 1182 
development, 103 
of eyelids, 528 
of facial expression, 523 
development, 100 
femoral, anterior, 623 
medial, 628 
posterior, 638 
of foot, 653 

of forearm, anterior, 597 
posterior, 604 
of gluteal region, 631 
hamstring, 638 
of hand, 609 
segmental innerva- 
tion, 620 
of head, 523 
of heart, 682 
of hyoid arch, 100 
iliac, 620 

infralhyoid, 543 • 
of intestine, 1340 
of iris, 1171 
of larynx, 1236 
action, 1239 
development, 100 
of leg, anterior, 640 


Muscle or Muscles (cont.) 

of regions and organs, of lee, 
lateral, 647 
posterior, 642 
of limbs, lower, 102, 620 
surface anatomy, 
1465, 1469, 1471 
segmental origin, 1129 
upper, 582 

surface anatomy, 
1430, 1432, 1433 
of mandibular arch, 100 
of mastication, 532 
development, 100 
of mouth, 528 
of neck, 535 
of nose, 527 
of oesophagus, 1301 
of orbit, 1179 
development, 103 
of palate, 1265 
development, 100 
of palm, 615, 617, 619 
of pelvis, 572 , 

of perineum, 576 
of pharynx, 1295 
development, 100 
of prostate, 1391 
of scalp, 523 
of seminal vesicle, 1386 
of shoulder, 590 
of small intestine, 1328 
of sole of foot, 655 
of stomach, 1320 
suboccipital, 551 
suprahyoid, 540 
of thigh, anterior, 623 
medial, 628 
posterior, 638 
of thorax, 552 
of thumb, 615 
of tongue, 1286 
development, 103 
of trachea, 1244 
of trunk, 546 
of tympanic cavity, 1201 
of ureter, 1370, 1376 
of urethra, 1379 
of urogenital region, 677 
in female, 581 
of uterus, 1397, 1401 
of vagina, 1405 
of vas deferens, 1385 
of vertebral column, 544, 
546, 547 

of visceral arches, 100 
abductor digit! minimi (foot), 
655, 656 
(hand), 617 
hallucis, 655 
pollicis brevis, 615 
longus, 607, 609 
surface anatomy, 
1432, 1433 
synovial sheath, 613 
adductor brevis, 630 
hallucis, 656, 658 
longus, 628 
magnus, 630 

surface anatomy, 1466 
minimus, 629 
pollicis, 616 
anconeus, 606 
antitragicus, 1192 
arch, axillary, 583 
arrectores pilorum, 1224 
articularis genu, 493, 627 
aryepiglotticus, 1238 
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Muscle or Muscles (cont.) 
arytenoid, oblique, 1237 
transverse, 1237 
action, 1239, 1299 
auricularis, anterior, 1192 
posterior, 1192 
superior, 1192 
axillary arch, 583 
biceps (brachii), 593 
long head, 462, 593 
rupture, 595 
in shoulder-joint, 462, 
surface anatomy, 1430 
femoris, 638 

relation to knee-joint, 
497 

surface anatomy, 1468, 
1469 

biventer cervicis, 548 
brachialis, 595 
brachioradialis, 604 
surface anatomy, 1431 
bronchial, 1257 
buccinator, 529, 531 
action, 531 
paralysis, 1064 
bulbocavemosus. 8ee M., 
bulbospongiosus 
bulbospongiosus, 578 
in female, 581 

caninus. See M., levator 
anguli oris 

chondroglossus, 1287, 1288 
ciliary, 947, 1170 
development, 129 
coceygeus, 567 
compressor naris, 528 
urethrae, 586 

constrictor, of pharynx, in- 
ferior, 1295 
middle, 1296 
superior, 1297 
actions, 1298 
urethrae, 580 
coracobrachialis, 593 
corrugator, 527 
cutis ani, 1341 
costalis, 547 
costocervicalis, 548 
cremaster, 566 
relation to hernia, 1342, 
1343 

crico-arytenoid, lateral, 1236, 

1237 

action, 1239 
posterior, 1236 
action, 1239 
cricopharyngeus, 1295 
cricothyroid, 1236 
action, 1239 
development, 100 
cucullaris, 583 
dartos, 559, 1387 
deltoid, 590 
surface anatomy, 1428 
depressor, anguli oris, 529, 
531 

labii inferioris, 529, 531 
septi, 528 
diaphragm, 555 
action, 557 
central tendon, 556 
crura, 555, 557 
right, action, 557 
development, 183 
openings in, 556 
digastric, 540 
development, 100 


Muscle or Muscles (cont.) 
dilatator, naris, 528 
pupillae, 1171 
development, 129 
tubse, 1199 

dorso-epitrochlearis, 583 
epicranius. See M., occipito- 
frontalis 

extensor carpi radialis brevis, 
605 

synovial sheath, 613 
longus, 604 

surface anatomy, 
1432, 1433 
synovial sheath, 613 
carpi ulnaris, 606 
surface anatomy, 1432 
synovial sheath, 613 
. coccygis, 606 
digiti minimi, 605 
synovial sheath, 613 
digiti quinti proprius. See 
M., ' extensor digiti 

•miniTYii 

digitorum (communis), 605 
surface anatomy, 1432 
synovial sheath, 613 
brevis, 653 
longus, 641 

surface anatomy, 1473 
synovial sheath, 651 
hallucis brevis, 653 
longus, 641 

surface anatomy, 1473 
synovial sheath, 651 
indicis, 609 
synovial sheath, 613 
poUicis brevis, 608 
surface anatomy, 
1432, 1433 
longus, 608 

surface anatomy, 1433 
synovial sheath, 613 
flexor carpi radialis, 599 

surface anatomy, 1433 
ulnaris, 599 
surface anatomy, 1433 
digiti minimi (foot), 656, 
659 

(hand), 617 

digiti quinti brevis. See M., 
flexor digiti minimi 
digitorum accessorius, 656 
brevis, 655 
longus, 646 

surface anatomy, 
1472, 1474 
synovial sheath, 652 
profundus, 601 

surface anatomy, 1432 
synovial sheath, 610 
sublimis, 600 
relations, 601 
synovial sheath, 610 
hallucis brevis, 656 
longus, 645 

■ surface anatomy, 1474 
synovial sheath, 652 
pollicis brevis, 615 
longus, 603 

synovial sheath, 611 
frontalis, 523 
gastrocnemius, 642 
surface anatomy, 1472 
gemellus, inferior et superior, 
637 

genioglossus, 1287 
geniohyoid, 642, 1299 


Muscle or Muscles {cont) 
glossopalatinus. See M., 
palatoglossus 
gluteus maximus, 631 
bursse, 632 
relations, 632 
surface anatomy, 1470 
medius, 633 
minimus, 633 
gracilis, 628 
hamstring, 638 

surface anatomy, 1468, 
1469 

heHcis, major et minor, 1192 
hyoglossus, 1288 
iliacus, 622 
fascia, 621 
iliococcygeus, 575 
iliocostahs, 547 

cervicis, dorsi et lumbor- 
um. See M., iliocosto- 
cervicalis 

iliocostocervicaHs, 547 
iliopsoas, 622 
ihosacralis, 575 
incisivus labii inferioris, 531 
superioris, 531 
infraspinatus, 591 
intercostales, 552, 553 
development, 103 
in respiration, 552, 553 
extemi, 552 
interni, 552 
intimi, 533 

interossei, dorsal, of foot, 659 
of hand, 619 
palmar, 620 
first, 615, 620 
plantar, 659 
first, 657 
interspinales, 550 
intertransverse, 550 
intracostales. See M., inter- 
costales intimi 
ischiocavemosus, 579 
in female, 581 
latissimus dorsi, 583 
nerve to, 1097 
surface anatomy, 1428 
levator anguli oris, 529, 531 
ani, 574 

morphology, 575 
relations, 575 
costarum, 554 
glandulae thyroidese, 1413 
labii superioris, 628, 531 
alaque nasi, 528 
palati, 1265 

palpebrse superioris, 525, 

1179 

prostat©, 574, 1392 
scapuke, 585 

veli palatini. See M., 
levator palati 
longissimus, capitis, 547 
cervicis, 548 
thoracis, 548 

longitudinalis linguae, 1288 
longus capitis, 544 
cervicis (colli), 544 
lumbricales, of foot, 656 
of hand, 619 
malaris, 529 
masseter, 532 
surface anatomy, 1442 
mentalis, 529, 531 
multifidus, 550 
mylohyoid, 542 
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Muscle or Muscles {cx>nL) 
nasalis. See Mm., com- 
pressor et dilatator naris 
nasolabialis, 531 
obliquus auriculae, 1192 
capitis, inferior, 552 
superior, 552 
externus abdominis, 559 
action, 561 
in rectus sheath, 568 
surface anatomy, 1439 
internus abdominis, 564 
in rectus sheath, 568 
oculi, inferior, 1181 
superior, 1181 
obturator, extemus, 638 
internus, 635 
fascia, 572 
occipitalis, 523 
occipitofrontalis, 523 
omohyoid, 543 
surface anatomy, 1445 
opponens digiti minimi (foot), 
659 

(hand), 618 
poUicis, 615 

orbicularis oculi, 525, 1185 
action, 530 
oris, 531 
orbitalis, 1182 
palatoglossus, 1265 
palatopharyngeus, 1265 
palmaris brevis, 617 
longus, 599 

surface anatomy, 1433 
papillary, 676, 681, 683 
development, 146 
pectinati, 673, 675, 679 
pectineus, 628 
pectoralis major, 586, 588 
surface anatomy, 1427 
minor, 588 
peroneus brevis, 649 

surface anatomy, 1471, 
1473 

synovial sheath, 653 
longus, 647 

surface anatomy, 1471 
synovial sheath, 653 
tertius, 642 

pharyngopalatinus. See M., 
palatopharyngeus 
piriformis, 633 
plantaris, 644, 650 
platysma, 538 
development, 100 
popliteus, 644 
in knee-joint, 645 
procerus, 527 
pronator teres, 597 
quadratus, 603 
psoas major, 621 
action, 622 
minor, 621 

pterygoid lateral (external), 
533 

medial (internal), 534 
pubococcygeus, 575 
puborectalis, 575 
pubovesicalis, 1375 
pyramidalis, 570 
quadratus f emoris, 637 
labii inferioris. See M., 
depressor labii in- 
ferioris 

superioris.. See M., lev- 
ator labii superioris 
lumborum, 572 


Muscle or Muscles (cord.) 
quadratus plantse. See M., 
flexor digitorum ac- 
cessorius 

quadriceps femoris, 626 
relation to knee-joint, 495 
rectococcygeus, 1341 
recto-urethralis, 1340 
rectovesicahs, 1375 
rectus abdominis, 568 
sheath, 568 

surface anatomy, 1457, 
1458 

capitis, anterior, 544 
lateralis, 544 
posterior major, 551 
minor, 551 

of eyeball, 1179, 1180 
actions, 1182 
applied anatomy, 1182 
femoris, 626 

surface anatomy, 1466 
rhomboideus major, 585 
minor, 585 
risorius, 531 
rotatores, 550 
sacrospinahs, 547, 1439 
salpingopharyngeus, 1287, 
1290, 1297, 1298 
sartorius, 625 
scalenus, anterior, 544 

surface anatomy, 1447 
medius, 545 
posterior, 546 
semimembranosus, 639 
surface anatomy, *1468, 
1469 

semispinalis capitis, 548 
cervicis, 548 
thoracis, 548 
semitendinosus, 638 
surface anatomy,1468, 1469 
serratus anterior, 589 
action, 590 
paralysis, 590 
surface anatomy, 1428 
posterior, inferior, 544 
superior, 544 
soleus, 643 

surface anatomy, 1472 
sphincter ani extemus, 576, 
677 

internus, 577, 1341 
ileocolic, 1333 
palatopharjmgeal, 1298 
pupillffi, 947, 1171 
development, 129 
pyloric, 1320, 1321 
urethrae, 580, 1378 
in female, 582, 1379 
vesicae, 1375 
spinalis capitis, 548 
cervicis, 548 
thoracis, 548 
splenius capitis, 547 
cervicis, 547 
stapedius, 1202 
development, 100 
nerve, 1061 
stemocostalis, 553 
sternohyoid, 543 
stemomastoid, 538 
action, 540, 558 
applied anatomy, 540 
arteries to, 705, 710 
relations, 639 
surface anatomy, 1444 
sternothyroid, 543 - 


Muscle or Muscles (cont.) 
styloglossus, 1287, 1288 
stylohyoid, 540, 1299 
development, 100 
stylopharyngeus, 1298 
development, 100 
subanconeus, 596 
subclavius, 588 
subcostales, 553 
subscapularis, 591 
supinator, 607 
supraspinatus, 591 
suspensory, of duodenum, 
1325 

temporalis, 332 
surface anatomy, 1439 
tensor fasciae latae, 625 
surface anatomy, 1466 
palati, 1199, 1265 
development, 100 
nerve, 1266 

relation to pharyngo- 
tympahic tube, 1197 
tarsi, 527. See also M., 
orbicularis oculi 
tympani, 1201 
development, 100 
veli palatini. See M., 
tensor palati 
teres major, 592 

surface anatomy, 1428 
minor, 592 

thyro-arytenoid, 1236, 1238, 
1239, 1299 

thyro-epiglottic, 1236, 1238, 
1239, 1299 
thyrohyoid, 543 
thyropharnygeus, 1296 
tibialis anterior, 640, 650 
surface anatomy, 1471, 

1473 

synovial sheath, 651 
posterior, 646, 650 
surface anatomy, 1472, 

1474 

synovial sheath, 652 
trachealis, 1244 
tragicus, 1192 
transversus abdominis, 566 
in rectus sheath, 568 ‘ 
surface anatomy, 1469 
auriculse, 1192 
linguae, 1288 
nuchse, 525 

perinei profundus, 580 
in female, 582 
superflcialis, 578 
in female, 581 
thoracis, 553 
trapezius, 582 
surface anatomy, 1445 
triangularis. See M., de- 
pressor anguli oris 
triceps, 595 

surface anatomy, 1431 
surSB, 644 
uvulae, 1265 

vastus, intermedius, 627 
lateralis, 626 

sxirface anatomy, 1466 
medialis, 626, 1466 
relation to knee-joint, 
493 

verticalis linguae, 1288 
vocalis, 1238 
action, 1239 

zygomaticus rnajor, 529, 531 
minor, 528, 531 



IKDEX 


1511 


Muscularis mucosae, 1328 
of intestine, 1328 
of stomach, 1323 
Musculi papillares, 676, 681, 
683 

pectinati, 673, 675 , 679 
pubovesicalis, 1376 
rectovesicalis, 1375 
Myelencephalon, 112, 123, 886 
Myelin, 106. JSee also Sheath, 
medullary, of nerves 
Myelination, in brain, 123, 998 , 
1005, 1022 

in spinal cord, 106, 898, 1022 
Myelocytes, 27 
Myeloplaxes, 28 
Myocardium, 681 
Myocoel, 65 
Myology, xxxii, 518 
Myotomes, 65, 102 
comparative anatomy, 102 
occipital, 97, 164 
segmental innervation, 1129 

Nails, 1222 

development, 103, 104 
Nail bed, 1222 
Nail field, primary, 103, 104 
Nail wall, 1222 
Nares, 1155, 1157 
Nasal bone, 313 
fractures, 331 

in norma frontalis, 242, 246 
ossification, 314 
Nasal conchse. See Conchas, 
nasal 

Nasion, 245, 328, 1438 
Nasmyth’s membrane, 1280 
Nasopharynx. See Pharynx, 
nasal part 

Navicular bone (foot), 408, 413 
homology, 417 
ossification, 421 
surface anatomy, 1473 
in tarsus, 407 

of hand. See Scaphoid bone 
Neck — 
arteries, 700 
bones, 207, 284 
development, 97, 98 
fascia, 535 
lymph drainage, 854 
glands, 851 
muscles, 535 
nerves, 1086, 1088 
surface anatomy, 1444 
triangles, anterior, 539, 540, 
716 

posterior, 539, 543, 717 
veins, 806 

Neocerebellum, 929, 937 
NeopaUium, 988 
development, 121 
evolutiouj 988 
itinerant fibres, 1005, 1009 
Neostriatum, 972, 973, 1013 
evolution, 973 
Neothalamus, 956 
Nephrocele, 184 
Nephrostome canal, 184 
Nerve cells, 37, 883. See also 
Cells, nerve 
Nerve endings, 1216 
motor, 1034 
Nerve fasciculi, 897 
Nerve fibres. See Fibres, nerve 
Nerve funiculus, 1031 
Nerve ganglia, 37, 1034, 1035 


Nerve plexus, 1032 
Nerve roots, of spinal nerves, 
1080, 1083 
length, 890 
morphology, 1031 
Nerve tracts, 897 
NERVE or NERVES— 

• blood vessels, 1032 
motor, 1033, 1133, 1134 
development, 108 
nervi nervorum, 1032 
origin, 1032 
deep, 1033 
superficial, 1033 
post-trematic, 98 
pretrematic, 98 
ramus communicans, 
grey, 1084, 1129, 
1139, 1140 

white, 1084, 1129, 

1139, 1140, 1142 
rami of spinal nerves, 
1085, 1086, 1088 
anterior primary, 
1085, 1086 , 1128, 
1129 . 

posterior primary, 
1085, 1086 , 1128, 
1129 

sensory, 1130 
development, 108 
peripheral termina- 
tion, 1216 
structure, 1030 
termination, motor, 1033 
sensory, 1216 
of abdomen, 1108, 1111 
of auricle, 1191, 1192 
of back, 1087 
of bladder, urinary, 1138, 
1152, 1376 

of blood vessels, 1146 
of bone, 20 
of bronchi, 1138, 1260 
of buttock, 1087, 1118, 
1120, 1127 

of carotid sinus, 1069, 1072 
of clitoris, 1128 
of cochlea, 1214 
of colon, 1152, 1335 
of connective tissue, 14 
of corium, 1222 
of cornea, 1167 
of diaphragm, 557, 1150 
of duodenum, 1326 
of dura mater, 1047, 1051, 
1072 

of epidermis, 1022 
of epididymis, 1383 
of epiglottis, 1072 
of eyeball, 1046, 1166, 
1167, 1171, 1179 
of eyelids, 1187 
of face, motor, 1062 
sensory, 1044, 1045, 

1046, 1048, 1051, 1064 
of fingers, 1103, 1104 
of foot, 1117, 1124, 1125, 
1127 

of hand, 1101, 1103, 1105 
of heart, 686, 1074, 1137, 
1144, 1145,1149 
of ileum, 1331 
of intestine, large, 1152, 
1342 

small, 1152, 1131 
of iris, 1171 
of jejunum, 1331 


Nerve or Nerves {cont.) 

of joints. See N., articular 
of kidneys, 1368 
of labium majus, 1112, 
1122, 1128 

of larynx, 1072, 1073,. 
1076, 1240 
paralysis, 1075 
of limbs, lower, 1111 

summary, 1131, 1134 
upper, 1093 
summary, 1130, 1133: 
of liver, 1355, 1357 
of lungs, 1071, 1074, 1260 
of meatus, auditory, ex- 
ternal, 1052, 1072, 1090,. 
1194 

of meninges, 1047, 1061,. 
1072 

of nasal cavity, 1035, 1050,. 
1161 

septum, 1050 
of neck, 1086, 1088 
of nose, 1157 

of oesophagus, 1071, 1074^ 
1302 

of orbit, 1048, 1058 
of ovary, 1159, 1396 
of palate, 1049, 1050, 1069; 
1144, 1264 

of pancreas, 1151, 1349 
of parathyroid gland, 1415 
of parotid gland, 1052, 
1054, 1060, 1137, 1269 
of penis, 1128, 1391 
of pharyngotympanic 
tube, 1199 

of pharynx, 1069, 1072, 
1134 

of prostate, 1152, 1392 
of rectum, 1162, 1338, 
1342 

of scalp, 1044, 1046, 1048,. 
1086, 1088 

of scrotum, 1112, 1122,. 
1128, 1388 

of seminal vesicle, 1386 
of skin, 1222 
of spleen, 1150, 1425 
of stomach, 1074, 1150r 
1322 

of sublingual gland, 1054^ 
1137, 1270 

of submandibular (sub- 
maxillary) gland, 1064,. 
1137, 1270 

of suprarenal gland, 1150,. 
• 1418 

of taste, 1061, ,1069, 1155 
of teeth, 1048, 1053, 1277 
of testis, 1161, 1152, 1383 
of thymus, 1421 
of thyroid, 1414 
of tongue, motor, 1079 
sensory, 1061, 1069, 
1156, 1289 

taste, 1061, 1069, 1155, 
1289 

of tonsil, 1050, 1069, 1293 
of trachea, 1244 
of tympanic cavity, 1069, 
1137, 1202, 1203 
of ureter, 1370 
of uterine tube, 1396 
of uterus, 1138, 1153, 
1402 

of vagina, 1153, 1409 
of visceral arches, 92, 98 
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Nerve or Nerves {cont.) 
abducent, 1057 
analysis, 1080 
applied anatomy, 1058 
connexions, 1057, 1058 
development. 111, 113, 123 
morphology, 1079 
nucleus. 111, 113, 923 
paralysis, 1054 
accelerator, to heart, 1149 
accessory, 1075 
analysis, 1081 
applied anatomy, 1076 
communication with cer- 
vical plexus, 1076, 1093 
development, 93, 123 
distribution, 1075 
morphology, 1079 
nucleus, 1075 
origin, superficial, 907 
paralysis, 1076 
parasympathetic fibres, 
1137 

roots, cranial, 1075 
spinal, 1075 
surface anatomy, 1447 
acoustic. See N., auditory 
alveolar, 1048, 1053 
to anconeus, 1103 
anococcygeal, 1128 
ansa hypoglossi, 1078, 1092 
subclavia, 1145 
articular, 431 
acromioclavicular, 1096 
ankle, 1124, 1127 
carpal, 1105 

elbow, 1097, 1100, 1103, 
1105 

hip, 1115, 1117,1123 
knee, 1115, 1117, 1123, 
1125 

mandibular, 1062 
shoulder, 1096, 1097 
sternoclavicular, 1091 
tarsal, 1124, 1127 
wrist, 1101, 1103 
auditory, 1064, 1082, 1214 
analysis, 1081 
applied anatomy, 1067 
development, 132 
divisions, 1065, 1066, 1214 
morphology, 1066, 1079 
neurolemma, 1066 
structure, 1066 
auricular, anterior, 1052 
great, 1089 
communications, 1090 
surface anatomy, 1449 
posterior, 1062 
of auriculotemporal, 1051 
communications with 
facial, 1052 

surface anatomy, 1143 
of lesser occipital, 1089 
of vagus, 262, 1072 
morphology, 1074 
auriculotemporal, 1051 
communications with faci- 
al, 1052 

surface anatomy, 1443 
axillary, 1097 
of Bell, 1096 
buccal, of facial, 1063 
of mandibular, 1051 
buccinator, 1051 
calcanean, medial, 1124 
cardiac, 1149 

of recurrent laryngeal, 1074 
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Nerve or Nerves (cont.) 

cardiac, of sympathetic, in- 
ferior, 1145 
middle, 1145 
superior, 1144 
of vagus, 1074, 1137 
caroticotympanic, 1143, 1203 
carotid, internal, 1142, 
1143 

of glossopharyngeal, 1069 
of vagus, 1072 
cavernous, 1152, 1153 
cerebral. See N., cranial 
cerebrospinal, 886 
structure, 1031 
cervical, 1086, 1088 

cutaneous distribution, 
1130 

muscular distribution, 
1133 

rami, anterior primary, 
1088 

posterior primary, 
1086 

of facial, 1064 

chorda tympani, 98, 1061, 
1137, 1203 

parasympathetic fibres, 
1137 

in tongue, 1289 
in tympanic cavity, 1202, 
1203 

ciliary, long, 1046, 1166, 
1167, 1171, 1179 
short, 1046, 1166, 1167, 
1171, 1179 
circumflex, 1097 
paralysis, 1106 
surface anatomy, 1431 
coccygeal, 1128 
ramus, anterior primary, 
1117 

posterior primary, 1118 
roots, 1083 

cochlear, 1064, 1065, 1214 
analysis, 1081 
applied anatomy, 1067 
ganglion, 1214 
in internal ear, 1214 
morphology, 1079 
myelination, 1035 
nucleus, dorsal, 1065 
ventral, 1065 
relation to vestibular 
nerve, 1067 
coeliac, of vagus, 1074 
collateral, of intercostal, 
1107, 1109 

of lumbar, first, 1112 
cranial, 1035 
analysis, 1080 
components, 1081 
development, 123 
morphology, 1031, 1079 
motor, 1035 
myelination, 1022 
sensory, 1035 
cutaneous — 

anterior, of iliohypogas- 
tric, 1112 
of neck, 1090 
of thorax, 1107, 1109 
of arm, lateral, 1197 
lower, 1105 
upper, 1097 
medial, 1109 
posterior, 1105 
colli, 1090 


Nerve or Nerves (cont.) 

cutaneous, of forearm, lateral 
1097 

medial, 1099 
posterior, 1105 
lateral, of iliohypogastric, 
1112 

of intercostals, 1107, 
1109 

of twelfth thoracic, 1110 
of leg, lateral, 1126 
medial, 1123 
palmar, of median, 1101 
of ulnar, 1103 
perforating, 1127 
of thigh, intermediate, 
1116 

lateral, 1113 
medial, 1116 
posterior, 1120 
perineal branch, 1122 
deep, of ulnar, 1103 
dental, inferior, 1053 
superior, 1048 
descendens cervicalis, 1092 
hypoglossi, 1078 
digital, dorsal, of fingers, 
1103, 1104 
of toes, 1125 
of great toe, 1124 
palmar, of median, 1101 
of ulnar, 1103 
plantar, 1125 
dorsal, of clitoris, 1128 
of penis, 1128 
of ulnar, 1103 
ethmoidal, anterior, 1045 
posterior, 1046 
facial, 1059, 1079 
analysis, 1080 
applied anatomy, 1064 
branches, 1061 
communications, 1060 
with auriculotemporal, 
1052 

with otic ganglion^ 1055 
development, 93, 98, 123 
ganglion, 1060 
mori)hology, 1079 
nucleus, motor. 111, 113, 
923, 924, 1059 
sensory, 1060 
parasympathetic fibres, 
1137 

relations in internal audi- 
tory meatus, 1060 
in parotid gland, 1268 
in pons, 923 
in temporal bone, 1060 
roots, motor, 1060 
sensory, 1060 
surface anatomy, 1443 
femoral, 1112, 1115 

applied anatomy, 1132 
division, anterior, 1116 
posterior, 1117 
origin, 1112 
surface anatomy, 1467 
of genitofemoral, 1113 
frontal, 1044 
furcalis, 1111 

ganglionic, of maxillary, 1048 
gastric, of vagus, 1074, 1138 
to geniohyoid, 1078 
genital, of genitofemoral, 
1113 

genitofemoral, 1113 
applied anatomy, 1132 
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Nerve or Nerves (coni.) 
glossopharyngeal, 98, 1067, 
1079 

analysis, 1081 
branches, 1068 
communications, 1068 
with otic ganglion, 1054 
development, 93, 123 
distribution, 1067 
ganglia, 1068 
morphology, 1079 
nucleus, motor, 1067 
sensory, 1067 
origin, superficial, 907 
parasympathetic fibres, 
1137 

surface anatomy, 1447 
tympanic branch, 1069, 

1203 

gluteal, inferior, 1118 
superior, 1118 
of lumbar nerves, 1087 
of posterior cutaneous, 
1120 

hsemorrhoidal, inferior, 1127 
hepatic, of vagus, 1074 
hypoglossal, 1076 
analysis, 1081 
applied anatomy, 1079 
branches, 1078 
communications, 1077 
with cervical plexus, 
1092 

descending branch, 1078 
development, 97, 103, 123 
morphology, 1079 
nucleus, 913, 917, 1076 
origin, superficial, 907 
paralysis, 1079 
surface anatomy, 1447 
iliohypogastric, 1172 
ilio-inguinal, 1112 
incisive, 1048, 1054 
infra-orbital, 1046 
surface anatomy, 1444 
infrapatellar, 1117 
infratroohlear, 1045 
intercostal, 1107 
applied anatomy, 1110 
first, 1107 
lower five, 1108 
second to sixth, 1107 
intercostobrachial, 1099, 
1108 

intermedius, 1059, 1060 
interosseous, of forearm, ant- 
erior, 1101 
posterior, 1105 
surf ace anatomy, 1434 
of log, 1127 

intestinal, of vagus, 1138 
jugular, 1144 
labial, of mouth, 1048 
of vulva, 1128 
lacrimal, 1044 
laryngeal, external, 1073, 
1240 

internal, 1072 
recurrent, 1073 

applied anatomy, 1075 
communications, 1074 
development, 93, 98, 149 
paralysis, 1075 
superior, 1072 

laryngopharyngeal, of sym- 
pathetic, 1144 
to latissimus dorsi, 1097 
to levator ani, 1128 
G.A. 
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Nerve or Nerves (coni.) 
lingual, 1052 

development, 164 
surface anatomy, 1056 
of glossopharyngeal, 1069 
of vagus, 1072 
lumbar, 1111 
fifth, 1118 

cutaneous distribution, 
1131 

muscular distribution, 
1134 

rami, anterior primary, 

nil 

in lumbar plexus, 1 1 1 1 
in sacral plexus, 1118 
posterior primary, 1111 
roots, 1083 
lumbo-inguinal, 1113 
lumbosacral trunk, 1111, 
1118 

mandibular, 1050 

applied anatomy, 1054 
branches, 1051 
cutaneous distribution, 
1050, 1054 
development, 93, 98 
paralysis, 1054 
relation to mandibular 
arch, 1054 
roots, 1051 

surface anatomy, 1447 
of facial, 1063 
masseteric, 1051 
maxillary, 1046 
applied anatomy, 1054 
branches, 1047 
cutaneous distribution, 
1056 

neuralgia, 1056 
surface anatomy, 1444 
median, 1099 
branches, 1100 
comparison with medial 
plantar, 1125 
injuries, 1106 
peculiarities, 1099 
roots, 1099 

surface anatomy, 1428, 
1431, 1434 j 

meningeal, 1072 I 

of hypoglossal, 1078 
of maxillary, 1047 
of spinal nerves, 1085 
of vagus, 1072 
mental, 1054 

musculocutaneous, of arm, 
1097 

peculiarities, 1098 
surface anatomy, 1431 
of leg, 1127 
surface anatomy, 1472 
mylohyoid, 1053 
nasal, external, 1045 
internal, 1045 
posterior superior, 1050 
of greater palatine, 1049 
of infraorbital, 1048 
of superior dental, 1048 
nasociliary, 1045 
nasopalatine, 1050 
nervorum, 1032 
obturator, 1115 

applied anatomy, 1132 
branch to knee, 1115 
injup^, 1132 
origin, 1112 

relation to ureter, 1369 
3b2 


Nerve or Nerves (coni.) 
obturator, relation to vas 
deferens, 1384 
accessory, 1115 
to obturator int emus, 1119 
occipital, greater, 1086 
lesser, 1089 
third, 1086 

oculomotor, 1040, 1079 

in cavernous sinus, 1040 
in orbit, 1041 
in superior orbital fiss- 
ure, 1041 
analysis, 1080 
applied anatomy, 1041 
connexions, 1040 
development, 123 
morphology, 1079 
nucleus, 114, 946, 1040, 
1137 

paralysis, 1041 
parasympathetic fibres, 
1137 

oesophageal, of vagus, 1074 
olfactory, 1036, 1082, 1151 
analysis, 1080 
applied anatomy, 1037 
connexions, 996 
development, 125 
injury, 1037 
morphology, 1079 
ophthalmic, 1044 

in cavernous sinus, 1044 
in orbit, 10'45 
in superior orbital fiss- 
ure, 1044 

applied anatomy, 1054 
cutaneous distribution, 
1056 

neuralgia, 1056 
optic, 1037, 1164 

in cranial cavity, 1038 
in eyeball, 1037 
in orbit, 1037 
in retina, 1137 
analysis, 1080 
applied anatomy, 1039 
connexions, 967, 968, 993 
decussation, 1039 
development, 126 
morphology, 1079 
neuritis, 1039 
sheath, 1038 

orbital, of sphenopalatine 
ganglion, 1049 
palatine, greater, 1049 
lesser, 1050 
palpebral, 1048, 1187 
to pectineus, 1116 
pectoral, lateral, 1096 
medial, 1096 
pelvic splanchnic, 1085, 
1128, 1138, 1152 
development, 106 
perforating cutaneous, 1127 
perineal, of posterior cutane- 
ous, of thigh, 1122 
of pudendal, 1128 
of sacral, fourth, 1128 
peroneal, anastomotic, 1126 
common, 1122, 1125 
deep, 1126 
superficial, 1127 
petrosal, deep, 1049, 1061, 
1143 

external, 1061, 1145 
superficial, greater, 1049, 
1061 
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Nerve or Nerves {cont.) 

petrosal, superficial, lesser, 
1061, 1069, 1137, 1203 
pharyngeal, of glossopharyn- 
geal, 1069 

of sphenopalatine ganglion, 
lOoO 

of vagus, 1072 
phrenic, 1092 

development, 183 
connexions, 1092 
surface anatomy, 1449 
accessory, 1092 
to piriformis, 1119 
plantar, lateral, 1125 
medial, 1124 

popliteal, lateral, 1122, 
1125 

branches, 1125 
paralysis, 1135 
surface anatomy, 1468 
medial, 1122, 1123 
branches, 1123 
relations, 1123 
surface anatomy, 1468 
to popliteus, 1123 
presacral, 1152 
of pterygoid canal, 1049, 
1061, 1137 
to pterygoids, 1051 
pudendal, 1127 
pulmonary, of vagus, 1073, 
1138 

to quadratus femoris, 1118 
radial, 1103 
branches, 1104 
communications, 1103 
deep branch, 1105 
injuries, 1106 
surface anatomy, 1431, 
1434 

to rectus femoris, 1117 
recurrent. See N., laryngeal, 
recurrent 

to rhomboids, 1095 
sacral, 1088, 1118 
fifth, 1128 

parasympathetic fibres, 
1138 

rami, anterior primary, 
1118 

posterior primary, 1088 
roots, 1083 
saphenous, 1117 
to sartoriiis, 1117 
sciatic, 1118, 1122 
applied anatomy, 1134 
artery, 781 
branches, 1123 
neuritis, 1134 
origin, 1X18 
paralysis, 1134 
pressure, 1134 
surface anatomy, 1170 
scrotal, of perineal, 1128 
to serratus anterior, 1096 
paralysis, 1106 
spermatic, external, 1113 
sphenopalatine, long, 1050 
short, 1050 
spinal, 888, 1082 
autonomic fibres, 1084 
components, 1084 
cutaneous distribution, 
1130 

development, 108 
ganglia, 1080 
morphology, 1128 


Nerve or Nerves {ccM.) 
spinal, muscular distribution, 
1132 

parasympathetic fibres, 
1084 

rami, anterior primary, 
1085 

communicantes, 1084 
posterior primary, 1085 
roots, 1080, 1083 
somatic fibres, 1084 
sympathetic fibres, 1084 
typical, 1129 
spinosus, 1051 
splanchnic, greater, 1147 
lesser, 1147 
lowest, 1147 

pelvic, 1085, 1128, 1138, 
1152 

to stapedius, 1061 
to stylohyoid, 1062 
to subclavius, 1096 
subcostal, 1107, 1109 
suboccipital, 1082, 1086, 1088 
subscapular, lower, 1097 
upper, 1097 
supraclavicular, 1091 
supra-orbital, 1045 
suprascapular, 1096 
supratrochlear, 1044 
sural, 1123 
communicating, 1126 
sympathetic, 1140 
structure, 1140 
temporal, deep, 1051 
of auriculotemporal, 1052 
of facial, 1062 
to teres minor, 1097 
terminalis, 1037, 1161 
thoracic, 1087, 1107 

applied anatomy, 1110 
cutaneous distribution, 
1110, 1131 

muscular distribution, 
1133, 1134 

rami, anterior primary, 
1107 

posterior primary, 
1087 

roots, 1083 
anterior, 1096 
first, 1093, 1107 
long, 1096 
lower six, 1108 
twelfth, 1109 
upper six, 1107 
thoracodorsal, 1097 
to thyrohyoid, 1079 
tibial, 1123 
anterior, 1126 
surface anatomy, 1472 
posterior, 1123 
surface anatomy, 1473 
tonsillar, of glossopharyn- 
geal, 1069 
trigeminal, 1042 
analysis, 1080 
applied anatomy, 1054 
connexions, 1043 
cutaneous distribution, 
1066 

development, 123 
divisions, 1043 
ganglion, 1043 
morphology, 1079 
neuralgia, 1056 
nucleus, mesencephalic, 
114, 946, 1043 


Nerve or Nerves (cont,) 
trigeminal, nucleus, motor, 
926, 1043 
sensory, 925, 1043 
spinal tract, 924, 1043 
origin, superficial, 920 
post-trematic branch, 
1047, 1054 

pretrematic branch, 1046 
sensory root, 1043 
spinal tract, 1043 
trochlear, 1041 

in cavernous sinus, 1042 
in orbit, 1058 
in superior orbital fiss- 
ure, 1042 
analysis, 1080 
applied anatomy, 1042 
connexions, 1042 
decussation, 1042 
development, 123 
morphology, 1079 
nucleus, 945, 1041 
paralysis, 1042 
tympanic, 1069, 1137, 1203 * 
ulnar, 1101 

branches, 1103 
comparison with lateral 
plantar, 1125 
injury, 1106 
peculiarities, 1101 
surface anatomy, 1430, 
1431, 1434 
collateral, 1106 
vagus, 1069 

in abdomen, 1071 
in neck, 1071 
in thorax, 1071 
analysis, 1081 
applied anatomy, 1074 
branches, 1072 
auricular, 262, 1072 
cardiac, 1137 
communications, 1070, 
1071 

with accessory nerve, 
1075 

course, 1071, 1074 
development, 93, 123, 1074 
ganglia, 1070 
morphology, 1079 
nucleus, dorsal, 112, 913, 
917, 1069 

origin, superficial, 907 
parasympathetic fibres, 
1137 

surface anatomy, 1147 
to vasti, 1117 
vesical, 1138, 1152 
vestibular, 1064, 1065 
analysis, 1081 
applied anatomy, 1067 
connexions, 1065 
development, 1067 
ganglion, 1214 
in internal ear, 1214 
morphology, 1079 
nucleus, inferior, 917, 922, 
1065 

lateral, 922, 949, 1065 
medial, 917, 922, 949, 
1065 

superior, 922, 949, 1065 
Vidian, 1049, 1061, 1137 
zygomatic, 1047 
of facial, 1063 
zygomaticofacial, 1048 
zygomaticotemporal, 1048 
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Network, carpal, anterior, 760, 
754 

posterior, 751, 754 
malleolar, lateral, 797 
medial, 797 
venous, basilar, 820 
dorsal, of hand, 824 
of foot, 832 
plantar, 832 

Neurenteric canal, 58,. 65 
Neuro biotaxis, 112, 911, 917, 
924, 1059, 1069 
of facial nucleus, 924 
Neuroblasts, 58, 65, 105, 108 
Neurofibrils, 39, 884, 885 
Neuroglia, 37, 893 
development, 105 
Neurokeratin, 41 
Neurolemma, 42 
development, 108 
Neurology, xxxii, 880 
Neuromeres, 889, 1031 
Neurone, intersegmental, 894 
motor, applied anatomy, 895, 
1022 

lower, 1018, 1022 
upper, 1018, 1022 
sensory, 1020 
applied anatomy, 1022 
Neurone theory, 885 
Neuropore, 61 
Nipple, 1409 
surface anatomy, 1429 
Nissl’s spindles, 39, 884 
Node, atrioventricular, 684 
primitive, 57 
of Ranvier, 41 
sinu-atrial, 684 
function, 686, 687 
Nodule, of cerebellum, 927, 928 
lentiform, of incus, 1201 
lymphatic. /8ee Lymph nodule 
of valve, aortic, 680 
pulmonary, 677 
Norma basalis, 255 
frontalis, 244 
lateralis, 251, 254 
occipitalis, 250 
verticalis, 244 
Normoblasts, 27, 133 
Nose, external, 1155 

arteries, 709, 715, 723, 

1156 

cartilages, 1165 
deformity, 1163 
development, 92, 125 
muscles, 527 
nerves, 1157 
surface anatomy, 1441 
veins, 1151 

cavity, 273, 274, 276, 1155, 

1157 

apertures, 246, 273,, 276 
arteries, 709, 715, 723, 
1161 

at birth, 327 
development, 94, 125 
lymph vessels, 855 
mucous membrane, 1160 
nerves, 1035, 1050, 1161 
relation to cranial cav- 
ity, 273 

to orbit, 274, 276 
veins, 1161 
floor, 273, 276, 1160 
lateral wall, 274, 276,1158 
meatus inferior, 274, 
310, 1158 


Nose {cont.) 

cavity, lateral wall, meatus, 
middle, 275, 309, 1159 
superior, 275, 309, 

1158 

medial wall, 274, 276 
roof, 273 , 276, 1169 
septum, 274 , 276, 1159 
development, 89, 94 
ossification, 314 
vestibule, 1167 
Nostrils, 1155 
Notch, acetabular, 377 
angular, of stomach, 1316, 
1317 

cardiac, of lung, 1255 
of stomach, 1316, 1319 
clavicular, 229 
costal, of sternum, 230 
ethmoidal, of frontal bone, 
305, 307 

fibular, 397, 400, 401 
frontal, 304 

intercondylar, 391, 392 
intertragic, 1190 
jugular, of occipital bone, 
288 

of sternum. See N., supra- 
sternal 
lacrimal, 317 

for ligamentum teres, 1350 
mandibular, 279, 280 
surface anatomy, 1443 
mastoid, 262, 263, 297 
nasal, of frontal bone, 304 
of maxilla, 316 
parietal. See Angle of temp- 
oral bone 

pre-occipital, 974, 978 
radial, of ulna, 353, 355 
sciatic, greater, 369, 380, 481 
sex differences, 382 
lesser, 376, 380, 481 
semilunar. See N., trochlear 
sphenopalatine, 322, 324 
spinoglenoid, 332, 334 
of spleen, 1422 
supra-orbital, 245, 304 
suprascapular, 332, 335, 456 
suprasternal, 229, 231 
surface anatomy, 1444 
tentorial, 1024 
th3T:oid, 1227 
surface anatomy, 1444 
trigeminal, 270 
trochlear, of ulna, 363, 355 
ulnar, of radius, 350 
umbilical, of liver. See N. 

for ligamentum teres 
vertebral, 206, 214, 218 
Notochord, 59, 83 
comparative embryology, 62 
origin, 59 

remains, in skull, 87 
Nuck, canal of, 193 
Nucleolus, 2 

Nucleus, of animal cell, 1, 2 
of leucocytes, 29 
of nerve cell, 39, 884 
of ovum, 45, 46 
segmentation, 52 
pulposus, 85, 434 
NUCLEI of grey matter- 
abducent nerve, 923, 1057 
connexions, 1057 
development. 111, 113 
accessory nerve, 895, 916, 
1075 


Nuclei of grey matter {cont,) 
ambiguus, 916 , 919, 1067, 
1069, 1075 
development, 111 
relation to cranial nerves, 
1069, 1075 

amygdaloid, 1004, 1014 
arcuate, 916 
basal, 1011 

of Bechterew. See N. of ves- 
tibular nerve, superior 
branchial. ;iS'ee N., visceral 
caudate, 1011 
arteries, 725, 726, 727 
connexions, 1012 
development, 121 
relation to internal capsule, 
1010 

to lateral ventricle, 1003, 
1004 

significance, 1013 
structure, 1012 
cervical, 897 

of circumolivary bundle, 921 
cochlear nerve, dorsal, 922, 
1066 , 1067 

ventral, 922, 1066, 1067 
corpus trapezoideum, 922, 923 
cuneatus, 904, 908, 912, 917 
development, 112 
of Barkschewitsch, 947, 962 
of Belters. See N. of vesti- 
bular nerve, lateral 
dentate, of cerebellum, 925, 
931, 937 

of Edinger-Westphal, 946 * 
1040, 1137 
emboliformis, 937 
facial nerve, 923, 924, 1059 
development. 111, 113 
motor, 1069 
sensory, 1060 
fastigii, 937 
globosus, 936 

glossopharyngeal nerve, 916, 
1067 

development, 111 
gracihs, 904, 908, 912, 917 
development, 112 
habenulse, 953, 956, 984, 988 
development, 116 
hypoglossal nerve, 913 , 917, 
1076 

development. 111 
in fourth ventricle, 941 
• intercalatus, 917, 941 
interpeduncular, 961, 963 
of lateral lemniscus, 925 
lentiform, 1011, 1012 
arteries, 725, 726, 727, 735 
connexions, 1012 
development, 121 
relation to internal cap- 
sule, 1010 
significance, 1013 
structure, 1012 
mesencephalic, of trigeminal, 
946, 1043 
development, 114 
nervus intermedins. See N., 
facial nerve, sensory 
oculomotor nerve, 946, 1040 
connexions, 1040 
subdivisions, 947, 1040 
' olivary (inferior), 908, 914 , 
916, 938 

development, 113 
evolution, 916 
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Nuclei of grey matter {cont.) 
olivary (inferior), relation to 
cerebellum, 916, 938 
accessory, 913, 914, 916, 
938 

of origin, 1035 
pontis, 920, 921 
development, 113 
red, 931, 947, 948, 963 
connexions, 947 
development, 115 
functions, 947 
in hypothalamus, 963 
structure, 947 
sacral, 897 

salivary, inferior, 919, 1058, 
1137 

superior, 1057, 1137 
somatic, afferent, 910 
development, 112 
efferent, 910, 922, 923, 925, 
942, 1057, 1076, 1079 
development, 111 
special, 112 

spinal tract of trigeminal, 
912, 913, 914, 924, 925, 
1043 

splanchnic, afferent and 
efferent, 112, 910, 925, 
1068 

development, 112 
subthalamic, 963 
of termination, 1035 
thalamic, 956 
connexions, 956 
thoracic, 897, 904 
tractus solitarius, 913, 919 
connexions with cranial 
nerves, 1060, 1067, 1070 
trigeminal nerve, 945, 1043 
connexions, 1043 
development. 111, 113, 
114 

mesencephalic, 114, 945, 
1043 

motor, 925, 1043 
sensory, 925, 1043 
spinal tract, 913, 925, 1043 
trochlear nerve, 945, 1041 
connexions, 1042 
development, 114 
vagus nerve, 1069 
development. 111 
ambiguus, 917, 1069 
dorsal, 913, 917, 1069 
in fourth ventricle, 942 
sensory, 1069 

vestibular nerve, 917, 1065 
connexions, 949 
development, 106, 1067 
inferior, 917, 922, 1065 
lateral, 922, 949, 1065 
medial, 917, 922, 949, 1065 
^ superior, 922, 949, 1065 * 
visceral, afferent, 911 
development, 112 
efferent, 910, 911, 922, 925, 
1067, 1069, 1076 
development. 111 

Obelion, 328 
Obex, 909, 939 
Occipital bone, 240, 285 

in base of skull, 258, 260, ' 
263 

in norma occipitalis, 250 
in posterior cranial fossa, < 
270, 272, 293 ( 


Occipital bone (cont.) 

I age changes, 289 

basilar part, 262, 270, 286 
, at birth, 289 

chondrification, 87 
condylar part, 271, 287 
development, 87 
ossification, 289 
squamous part, 271, 289 
structure, 288 
Occiput. See Ihion 
Odontoblasts, 1276, 1280 
(Esophagus, 1261, 1300 
abdominal part, 1301 
anomalies, 173 
applied anatomy, 1302 
arteries, 738, 757, 763, 772, 
1302 

cervical part, 1300 
development, 168 
lymph drainage, 857, 879 
muscular coat, 1301 
nerves, 1071, 1074, 1302 
structure, 1301 
surface anatomy, 1457 
thoracic part, 1300 
veins, 826, 827, 842, 1302 
Olecranon, 353 
fractures, 356 
ossification, 355 
surface anatomy, 1430 
Olfactory bulb, 971, 984 
development, 118 
evolution, 971 
structure, 995 
cells, 125, 984, 1160 
nerves, 1035, 1082, 1151 
development, 118, 126 
peduncles, 984 
pits, 93 
pyramids, 984 
roots, 984, 985 
tract, 984 
development, 118 
Olive, 908 

superior. See Nucleus of 
corpus trapezoideum, 
dorsal 

Omentum, greater, 1305, 1306, 
1313 

development, 177 
lesser, 1306, 1312, 1351 
development, 177 
relation to lesser sac, 1310 
Ontology, xxxi 
Oocyte, primary, 44 
secondary, 47 
OSgonia, 44 
Ooplasm, 45, 46 
Opening. See also Aditus, 
Aperture, Hiatus and 
Orifice 

in adductor magnus, 630 
in diaphragm, aortic, 556 
oesophageal, 556 
venacaval, 556 
orbital, 245 

of pharyngotympanic tube, 
1290, 1293 
saphenous, 624 
relation to hernia, 1344 
surface anatomy, 1467 
of thorax, 238 
Opercula of insula, 980 
Ophryon, 328 
Opisthion, 328 
Opposition of thumb, 475 
Optic axis, 1164 


Optic (cont.) 

chiasma, 956, 967, 1039 
development, 117, 126 
1039 
cup, 125 
disc, 1172, 1176 
foramen, 247, 248, 265, 267 
268, 289, 292 
nerve. See N,, optic 
radiation, 960, 968, 1010, 1039 
recess, 117, 967, 969 
stalk, 115, 125 
tract, 967, 968, 1039 
vesicles, 115, 117, 126 
Ora serrata, 1172, 1176 
Orbit, 247, 248 
arteries, 722 
muscles, 1197 
nerves, 1048, 1058 
surface anatomy, 1438 
veins, 806, 819, 1169 
apex, 248 
floor, 247, 249 
lateral wall, 248, 250 
medial wall, 247, 249 
roof, 247, 248 

Organs, abdominal, 1302, 1316 
accessory, of digestive sys- 
tem, 1261 
of eye, 1178 

chromaffin, 1415, 1416, 1419 
development, 124 
digestive, 1261 
enamel, 1280 
end, of nerves, 1216 
endocrine, 1411 
genital, female, 1393 
external, 1405 
male, 1380 
development, 191 
of Golgi, 2 
gustatory, 1154 
of hearing, 1190 
of Jacobson, 95, 1159 
of lateral line, 1067 
olfactory, 1155 
pineal, 116, 962 
reproductive, female, 1393 
male, 1380 
respiratory, 1226 

development, 180, 181 
sense, 1154, 1216 
development, 104 
of sight, 1163 
of smell, 1155 
spiral, of Corti, 1210, 1212 
of taste, 1154 
urogenital, 1361 
development, 183 
vomeronasal, 95, 1159 
Orifice. See also Aditus, Aper- 
ture, Hiatus and Opening 
anal, 1340 

aortic, of diaphragm, 556 
of heart, 679, 1316 
surface anatomy, 1455 
atrioventricular, left, 679 
right, 673, 674, 676 
development, 140 
surface anatomy, 1455 
of bile duct, 1324‘ 1347 
cardiac, of stomach, 1316 
surface anatomy, 1459 
of coronary sinus, 673 
of heart, 661, 673, 674, 676 
679 

development, 134 
surface anatomy, 1455 
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Orifice (cont.) 
ileocolic, 1333 

surface anatomy, 1461 
mitral, 661, 679 
surface anatomy, 1455 
oesophageal, of iaphragm, 
556 

pulmonary, 676 

surface anatomy, 1455 
pyloric, 1316 
surface anatomy, 1459 
tricuspid, 661, 673, 674, 
676 

surface anatomy, 1455 
ureteric, 1370, 1375 
urethral, external, female, 
1380, 1407 
male, 1375, 1378 
internal, 1373 

age changes, 1373, 1375 
of uterus. See Os uteri 
vaginal, 1407 
of vena cava, inferior, 673 
superior, 673 

venacaval, of diaphragm, 556 
of vermiform appendix, 1334 
Origin of ijiuscles, 519 
of nerves, 1032 
deep, 1033 
superficial, 1033 
of spinal nerves, 1080 
Os, ossa. See also Bones 
acetabuli, 379 
calcis. See Galcaneum 
capitatum, 357, 362 
homology, 417 
ossification, 366 
carpale, 367, 417 
centrale, 366, 417 
cordis, 682 
coxae. See Hip-bone 
fibulare, 417 
hamatum, 357, 362 
homology, 417 
ossification, 366 
incisivum, 257, 276, 320 
innominatum. See Bdp-bone 
intermediale, 417 
lunatum, 350) 357 
homology, 417 
ossification, 366 
multangulum majus. ‘ See 
0., trapezium 
minus. See 0., trapez- 
oideum 

pisiforme, 357, 361 
ossification, 366 
pubis. See Pubis 
radiale, 417 
scaphoideum, 357, 360 
homology, 417 
ossification, 366 
tarsale, 417 
tibiale, 417 
trapezium, 357, 361 
homology, 417 
ossification, 366 
trapezoideum, 357, 362 
ossification, 366 
trigonum, 410, 421 
homology, 417 
triquetrum, 357, 361 
homology, 417 
ossification, 366 
ulnare, 417 
uteri, externum, 1400 
internum, 1396, 1465 
Ossein, 22 


Ossicles, auditory, 1194, 1200 
development, 99, 131 
ligaments, 1201 
movements, 1202 
ossification, 1200, 1201 
mental, 99, 282 
pterion, 315 

Ossification, in cartilage, 23 
centres, 23, 25 
in membrane, 22 
acetabulum, 379 
acromion, 337 
atlas, 225 
axis, 225 
calcaneum, 421 
capitate bone, 366 
carpal bones, 366 
clavicle, 340 
coccyx, 227 
costal cartilages, 237 
cuboid bone, 421 
cimeiform bones, 421 
ethmoid bone, 310 
femur, 394 
fibula, 407 
frontal bone, 307 
hamate bone, 366 
hip-bone, 348 
humerus, 346 
hyoid bone, 285 
ilium, 378 
incisive bone, 321 
incus, 1201 
ischium, 378 
lacrimal bone, 312 
lunate bone, 366 
malleus, 1200 
mandible, 281 
maxilla, 321 
metacarpal bones, 366 
metatarsal bones, 421 
nasal bone, 314 

concha, inferior, 311 
navicular bone, 421 
occipital bone, 289 
os incisivum, 321 
os trigonum, 421 
palatine bone, 324 
parietal bone, 304 
patella, 395 

phalanges of fingers, 367 
of toes, 421 
pisiform bone, 366 
postsphenoid, 293 
premaxilla, 321 
presphenoid, 293 
pubis, 278 
radius, 352 
ribs, 237 
sacrum, 226 
scaphoid bone, 366 
scapula, 337 
sphenoid bone, 293 
stapes, 1201 
sternum, 232 
talus, 421 
tarsal bones, 420 
temporal bone, 301 
tibia, 402 
trapezium, 366 
trapezoid bone, 366 
triquetrum, 366 
ulna, 355 

vertebral column, 224 
atlas, 225 
axis, 225 
coccyx, 227 
sacrum, 226 


Ossification (cont,) 
vomer, 314 
zygomatic bone’, 326 
Osteoblast, 19, 22, 24 
in tooth development, 1279, 
1281 

Osteoclast, 24, 1281 
Osteology, xxxii, 203 
Ostium. See also Orifice 
pelvic, of uterine tube, 1396 
pharyngeal, of pharyngotym- 
panic tube, 1290, 1293 
primum, of Born, 140 
secundum, of Bom, 141 
Otocyst, 129 
Otoliths, 1209 
Outlet, of pelvis, 380 
of thorax, 238, 667 
Ovary, 1393 
age changes, 1395 
applied anatomy, 1398, 
artery, 772, 1396 
descent, 193 
development, 192 
homologue, 197 
lymph drainage, 874 
nerves, 1159, 1396 
position, 1393 
structure, 1394 
veins, 840, 1396 
Ovisacs, 1395 
Ovula Nabothi, 1402 
Ovulation, 1396 
Ovum, 1, 44 
amphibian, 62 
comparative embryology, 62 
coverings, 46 
division, 47 
fertilisation, 51 
holoblastic, 63 
imbedding, 55, 75 
implantation, 75 
lecithal, 63 
maturation, 46, 1396- 
meroblastic, 63 
microlecithal, 63 
of Peters, 75, 198 
polarity, 53 
reptilian, 63 
segmentation, 53 
of Teacher-Bryce, 56, 75, 
198, 199 
telolecithal, 63 
in uterine tube, 52 
Werner, of Stieve, 55 

Pacemaker of heart, 684, 687 
Pad, infrapatellar, 494 
retropubic, 1371 
suctorial, 530 
Palseocerebellum, 928, 937 
Palseostriatum, 972, 973 
evolution, 1013 
Palseothalamus, 956 
Palate, 1263 

applied anatomy, 1266, 1298 
bony, 247, 256, 257-, 1298 
deformity, 1298 
cleft, 96, 1266 
development, 92 
hard, 1263 
primitive, 94 
soft, 1263 

applied anatomy, 1266 
arteries, 706, 715, 1264 
development, 95 
epithelium, 1264 
lymph drainage, 855 



1618 


INDEX 


Palate (cont.) 
soft, movements, 1298 
mucous merntrane, 1264 
muscles, 100, 1265 
nerves, 1049, 1050, 1069, 
1144, 1264 
paralysis, 1266 
structure, 1264 
Palatine bone, 321 

in nasal cavity, 273, 276 
in norma basalis, 256, 257 
ossification, 324 
relation to etbmoid sinus, 
324 

to maxiUary sinus, 323 
plate, horizontal, 322 
perpendicular, 323 
process, orbital, 323 
sphenoidal, 324 
tubercle, 256, 323 
Pallium, 972, 973 
development, 119 
evolution, 972 
Palm of hand — 
arteries, 751, 754, 755 
fascia, 614 

muscles, 615, 617, 619 
nerves, 1101, 1103 
veins, 824 
“ Palmar,” xxxii 
Palpebrae. See Eyelids 
Pancreas, 1344 
applied anatomy, 1349 
arteries, 765, 767, 1349 
development, 177 
ducts, 1347 
lymph drainage, 868 
glands, 866, 867 
nerves, 1151, 1349 
structure, 1348 
surface anatomy, 1460 
veins, 842, 843, 1349 
Papilla, dental, 1279, 1281 
duodenal, 1325, 1348 
filiform, of tongue, 1286 
fungiform, of tongue, 1285 
of hair, 1223 
lacrimal, 1184 
renal, 1364, 1365, 1366 
of skin, 1219, 1221 
of tongue, 1285, 1286 
vallate, 1154, 1286 
Paradidymis, 1385 
development, 185 
homologue, 197 
ParafloccSus, 930 
Paraganglia, 1415 
development, 124 , 
Parallelogram of Morris, 1452 
Parametrium, 1399 
Paranucleus of pancreatic cells, 
1348 

Paraplasm, 2 

Parasympathetic nervous sys- 
tem, 887, 1135, 1137, 

1138 

Parietal bone, 240, 302 
ossification, 304 
in norma lateralis, 251 
verticalis, 244 
in skull cap, 264 
Paroophoron, 1396 
development, 185 
homology, 197 
Parotid gland. See Gland 
Parovarium. See Paroophoron 
Pars, analis recti. See Canal, 
anal 


Pars (cont.) 

ciliaris retinse, 116, 1170, 
1172, 1176 

intermedia, of hypophysis 
cerebri, 965 

development, 117, 164, 
954 

of vestibule. See Coxnmis- 
sure of bulb 

iridica retinae, 1170, 1172, 
1176 

membranacea septi, 681 
development, 146 
orbitalis, of inferior frontal 
gyrus, 978 
posterior, 978 
triangularis, 978 
Parthenogenesis, 53 
Passages, pleural, 180, 181 
Patella, 395 
in knee-joint, 501 
movements, 501 
ossification, 395 
structure, 395 
surface anatomy, 1467 
Path, auditory, 950, 951, 960, 
995, 1066 

of motor conduction, 898, 
899, 943, 1000 
summary, 1018 
of sensory conduction, 901, 
903, 912, 914, 917, 919, 
1018, 1021 
summary, 1018, 1021 
visual, 952, 967 
Pedicle, of vertebra, 206, 213, 
214 

Peduncles, cerebellar, 931 
inferior, 909, 919, 932 
middle, 919, 932 
superior, 925, 931, 938, 945 
decussation, 945 
cerebral, 943 
base, 943 
development, 114 
structure, 943 
of flocculus, 928 
olfactory, 984 
Pelvis, bony, 379 
false, 379 
female, 381 
foetal, 383 

greater. See P., false 
joints, 479 
lesser. See P., true 
sex differences, 381 
size, 383 
true, 379 . 

axes, 381 
cavity, 380 
diameters, 379, 381 
mechanism, 482 
position, 381 
sex differences, 381 
Pelvis, contents, 1305 
arteries, 775 to 783 
fascia, 572 
ligaments, 479 
lymph drainage, 864 
glands, 864 
muscles, 573 

nerves, 572, 1108, 1111, 1138 
peritoneum, 1308 
veins, 834, 835, 836 
viscera, 1305 
Pelvis of ureter, 1363 
development, 186 
structure, 1369 


Penis, 1390 

arteries, 781, 790, 1390 
development, 196 
fascia, 1380, 1390 
lymph drainage, 874 
nerves, 1128, 1391 
endings, 1216, 1391 
skin, 1390 
structure, 1390 
urethra in, 1378 
veins, 837, 1390 
Pericardium, 667 
applied anatomy, 669 
arteries, 669, 737, 757 
development, 69, 134, 180 
effusion into, 669 
fibrous, 667 
nerves, 669 
relations, 669 
to coelom, 69, 134, 180 
serous, 667, 668 
structure, 667 
veins, 825, 826 
Perichondrium, 15, 24 
Pericranium, 263 
Perilymph, 1207 
Perimysium, 32, 519 
Perineum, 576 
arteries, 778, 790 
central point. See Body, 
perineal 

development, 70, 172 
fascia, 576, 578 
gynaecological, 1406 
lymph drainage, 875 
muscles, 576 
nerves, 1122, 1127 
surface anatomy, 1464 
veins, 832, 835 
Perineurium, 1031 
Periosteum, 19, 102 
alveolar, 1271 
development, 1280 
Peritoneum, 1305 

parietal, 1305 
visceral, 1305 
development, 174, 180 
horizontal disposition, 
1308 

mesenteries, 1313 
omentum, greater, 1305, 
1306, 1313 

lesser, 1306, 1312, 1351 
vertical disposition, 1306 
cavity, 1305 
development, 134, 180 
recesses, 1314 
sac, greater, 1305 
lesser, 1305 

aditus, 1306, 1309 
development,! 68,, 
174, 175, 177 
recesses, 1311, 1314, 
1315, 1316 
pelvic, 1308 
at birth, 1363 
pouch, recto -uterine, 1307, 
1308, 1337, 1403 
rectovesical, 1307, 1337 
uterovesical, 1307, 1308 
of bladder, urinary, 1371, 
1372 

of caecum, 1314, 1332 
of canal of Muck, 193 
of colon, ascending, 1335 
descending, 1336 
pelvic, 1305, 1312 
transverse, 1312, 1336 
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Peritoneum (cont.) 

of duodenum, 1314, 1323, 
1324 

of gall-bladder, 1357 
of ileum and jejunum, 1307, 

‘ 1309, 1313, 1327 

of kidney, 1362 
of liver, 1350, 1351 
of ovary, 1394 
of pancreas, 1346 
of processus vaginalis, 192, 
1343 

of rectum, 1301, 1306, 1339 
of spleen, 1308, 1309, 1423 
of stomacb, 1305, 1308, 

1310, 1320 
of ureter, 1369 
of uterine tube, 1401 
of uterus, 1398, 1399, 1401 
of vagina, 1405 
of vermiform appendix, 
1312, 1314, 1335 
“ Peroneal,” xxxii 
Pes hippocampi, 986 
Petrous temporal. See Tem- 
poral bone 

Phalanx, Phalanges— 
of fingers, 366 
morphology, 367 
ossification, 367 
of spiral organ, 1212 
of toes, 420 
ossification, 422 
Phallus, 194, 196, 197 
Pharynx, 1290 

applied anatomy, 1299 
arteries, 706, 715 
attachments, 1290 
development, 167 
fibrous coat, 1294 
lymph drainage, 857 
movements in deglutition, 
1299 

mucous membrane, 1294 
muscles, 100, 1294 
action, 1299 

nerves, 1069, 1072, 1134 
relations, 1295, 1296, 1297 
structure, 1294 
subdivisions, 1290, 1292, 
1293 

veins, 812 
cavity, 1290 
laryngeal part, 1293 
nasal part, 1290 
oral part, 1292 
primitive, 91 

Philtrum of upper lip, 531, 
1263 

development, 94 
Phylogeny, xxxi 
Pia mater, 1029 

development, 124 
cerebral, 1030 
spinal, 888, 1030 
of tela chorioidea, 968, 1015 
Pigment, 7, 13 
in epidermis, 1220 
Pillars, articular, of cervical 
vertebrse, 207, 208 
of fauces. See Arch, palato- 
glossal and palato- 
pharyngeal 
Pineal body, 953, 961 

development, 116, 962 
structure,' 962 
eye, 116, 945, 953, 962 
organ, 116 


Pinna. See Auricle of ear 
Pisiform bone, 357, 361 
ossification, 366 
surface anatomy, 1433 
Pits, auditory, 129 
granular, 264, 303, 305 
olfactory, 93 
tonsillar, 1292, 1293 
development, 165 
Placenta, 73, 80 
cotyledons, 81, 82 
in foetal circulation, 688 
foetal part, 80 
formation, 80 
functions, 80 
lobes, 81, 82 
maternal part, 80 
praevia, 82 
separation, 82 
septa, 81 

sinus, marginal, 81 
spaces, intervillous, 76, 80 
velamentous, 82 
Placodes, epibranchial, 98, 123 
olfactory, 93 

Planes, of abdomen, 1303 
subcostal, 1303 
transpyloric, 1303 
transtubercular, 1303 
of the body — 
coronal, xxxii 
horizontal, xxxii 
median, xxxii 
sagittal, xxxii 
of pelvis, 379 
“ Plantar,” xxxii 
Plantar flexion, 430 
Plasma, blood, 28 
Plasma-membrane, 2 
Plasmone, 2 
Plate, auditory, 129 
basal, of decidua, 80 
cardiogenic, 134 
chordal, 62 

cribriform, of ethmoid bone, 
239, 307 

in anterior cranial fossa, 
265, 266 

chondrification, 89 
in nasal cavity, 273 
floor, of neural tube, 105, 106 
of prosencephalon, 115 
of spinal cord, 106. 
horizontal, of palatine bone, 
322 

lateral, of mesoderm, 61 
medullary, 60, 104 
motor end, 1034 
muscle, 66 
occipital, 87 
olfactory, 118 

orbital, of ethmoid bone, 247, 
249, 308, 309 
in orbit, 247, 249 
of frontal bone, 241, 266, 
304, 305, 307 

perpendicular, of ethmoid 
bone, 308 

in nasal cavity, 274, 276 
of palatine bone, 274, 277, 
307, 308, 323 
prochordal, 59 
pterygoid, lateral, 259, 260, 
293 

medial, 258, 259, 260, 293 
roof, of diencephalon, 116 
of mesencephalon, 115 
of neural tube, 105 


Plate (cont.) 

roof, of prosencephalon, 115 
of rhombencephalon, 115 
of spinal cord, 105, 106 
sternal, 86, 232 
tarsal, 1185 
tympanic, 252 
urethral, 195, 196 
Platelets, blood, 30 
Pleura, 667, 1245 

parietal, 1245, 1246 
cervical, 1246, 1247 
costal, 1246, 1247 
diaphragmatic, 1246, 
1247 

mediastinal, 1246, 1249 
pulmonary, 1245, 1246, 
1258 

visceral, 1245, 1246, 1258 
applied anatomy, 1251 
arteries, 1250 
development, 180 
lines of reflection, 1247, 1250, 
1454 

lymph drainage, 878, 879 
nerves, 1250 

recesses, costodiaphragmatic, 
1247 

costomediastinal, 1247 
relation to kidneys, 1363 
structure, 1250 
surface anatomy, 1449, 1451, 
1452, 1454 
veins, 1250 

Plexus, arterial, of choroid, 
1169 

of lungs, 1259 
mediastinal, 737 
capillary, 152 
choroid, 968, 1015 

arteries, 726, 735, 1015 
development, 118 
veins, 1015 

of fourth ventricle, 940, 
1030 

of lateral ventricle, 118, 
1014, 1030 

of third ventricle, 118, 968 
lymphatic, of mammary 
gland, 861 

PLEXUSES of nerves — 
annular, of cornea, 1167 
aortic, abdominal, 1152 
thoracic, 1147 
Auerbach’s, 1138, 1332 
brachial, 1088 

applied anatomy, 1105 
branches, infraclavicular, 
1096 

supraclavicular, 1095 
cords, 1093, 1094 
cutaneous distribution, 
1130 

injuries, 1105 
morphology, 1129 
muscular distribution, 1132 
postfixation, 1107 
prefixation, 1107 
relations in axilla, 1094 
in neck, 1094 
roots, 1093 

surface anatomy, 1428, 
1445, 1448 
trunks, 1093 

cardiac, deep, 1145, 1149 
superficial, 1145, 1149 
carotid, internal, 1142 
cavernous, 1143 
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Plexuses of nerves (cont,) 
cervical, 1089 
applied anatomy, 1092 
branches, communicating, 
1092, 1093 
deep, 1092 

muscular, 1092, 1093 
superficial, 1089 
cutaneous distribution, 
1130 

morphology, 1129 
muscular distribution, 
1132 

surface anatomy, 1449 
cervical, posterior, 1086,1088 
coccygeal, 1128 
coeliac, 1150 
coronary, 1149 
of Exner, 989 
of facial artery, 1146 
gastric, 1071, 1074 
left, 1150 

gastro-epiploic, right, 1150 
haemorrhoidal. See, P. of ns., 
rectal 

hepatic, 1074, 1150 
hypogastric, 1152 
infra-orbital, 1048, 1063 
intra-epithelial, of cornea, 
1168 

lumbar, 1111 
applied anatomy, 1132 
branches, 1112 
cutaneous distribution, 

1131 

injuries, 1132 
morphology, 1129 
muscular distribution, 

1134 

postfixation, 1111 
prefixation, 1111 
Meissner’s, 1138, 1332 
meningeal, middle, 1145 
mesenteric, inferior, 1152 
superior, 11^ 
myenteric, 1138, 1332 
oesophageal, 1071, 1074 
ovarian, 1151 
parotid, 1060 
pateUar, 1115, 1116, 1117 
pelvic, 1152 

pharyngeal, 1069, 1072, 1134 
phrenic, 1150 
postfixed, 1107, 1111 
prefixed, 1107, 1111 
prostatic, 1152 
pudendal, 1118 
pulmonary, 1074 
anterior, 1074 
posterior, 1071, 1074 
rectal, 1152 
renal, 1150 
sacral, 1118 

applied anatomy, 1134 
branches, 1118 
cutaneous distribution, 
1131 

morphology, 1129 
muscular distribution, 
1134 

relations, 1118 
solar, 1150 
splenic, 1150 
subclavian, 1146 
subepithelial, of cornea, 1168 
submucous, 1138, 1332 
subsartorial, 1115, 1117 
suprarenal, 1150 


Plexuses of nerves (cont.) 
sympathetic, 1149 to 1153 
testicular, 1151 
thyroid, inferior, 1146 
tonsillar, 1069 
tympanic, 1069, 1203 
uterine, 1153 
vaginal, 1153 
vertebral, 1146 
vesical, 1152 
PLEXUSES of veins— 
basilar, 820 
carotid, internal, 821 
cavernous, of nose, 1163 
choroid. See P., choroid 
emissary, 821 

haemorrhoidal. See P. of 
w., rectal 

interlobular, of liver, 1356 
ovarian, 840 
pampiniform, 839, 1387 
applied anatomy, 840 
in female, 1396 
pharyngeal, 812 
prostatic, 836, 837, 1392 
pterygoid, 806, 808 
pudendal. See PI. of vs., 
prostatio 

rectal, 835, 886, 1342 
varicosities, 837 
suboocipital, 808 
uterine, 837, 1402 
vaginal, 837, 1405 
vertebral, external, 812, 830 
internal, 812, 830 
vesical, 837 

Plica, Plicae. See also Folds 
circulares, of intestine, 1326, 
1328 

fimbriata, of tongue, 1284 
palmatse, of uterus, 1400, 
1402 

semilunaris, of eye, 1187 
sublingualis, 1269 
triangularis, of tonsil, 1292 
vesicalis, transversa, 1308 
Pogonion, 328 
Point, alveolar, 328 
auricular, 329 

central, of perineum. See 
Body, perineal 
jugal, 329, 1439 
MoBumey’s, 1461 
occipital, 328, 1438 
pre-auricular, 1439 
principal, of skull, 329 
of shoulder, 1427, 
subnasal, 328 
supra-auricular, 329 
Polar bodies, 47 
Poles, of cerebrum, 117, 974 
of eyeball, 1164 
Pons, 919 

basilar part, 920 
tegmentum, 921 
structure, 920, 922, 925 
arteries, 734 

comparison with spinal cord, 
904 

development, 113 
functions, 920 
structure, 920, 922, 926 
veins, 814 

Ponticulus of auricle, 1191 
Pore, gustatory, 1154 
Porta hepatis, 1354 
Portal, anterior intestinal, 69 
Postaxial, 101, 1131 


“ Posterior,” xxxii 
Postsphenoid, 293 
Posture, erect, xxxii 
stomachy, 1317 
Potency of cllls, 43 
Pouch, branchial. See P., 
pharyngeal 

of Douglas. See P., recto- 
uterine 

pharyngeal, 91 
derivatives, 97, 165 
of Rathke, 117, 166 
recto-uterine, 1307, 1308, 
1403 

rectovesical, 1307 
in foetus, 1391 
Seessel’s, 167 

uterovesical, 1307, 1308, 1398 
development, 185 
Praecuneus, 983 
Pre-axial, 101, 1130 
Precoracoid, 340 
Pregnancy, abdominal, 62 
changes in mammary gland, 
1409 

in ovary, 1396 
in pelvic joints, 484 
ovarian, 52 
tubal, 52 

Premaxilla, 96, 257, 276, 320 
ossification, 321 
Prepuce of penis, 1390 
development, 196 
of clitoris, 197, 1406 
Presphenoid, 293 
Prevomerine centre, 321 
Prickle cells, 6 
Prisms, enamel, 1277 
PROCESS or PROCESSUS— 
accessory, of lumbar verte- 
brse, 216, 218 

alveolar, of mandible, 279, 
1252 

of maxilla, 319, 1252 
articular, of vertebrae, 206 
cervical, 207, 208 
lumbar, 216, 218 
thoracic, 214 

caudate, of liver, 1350, 1354 
ciliary, 1169 
development, 129 
clinoid, anterior, 266, 290, 292 
middle, 268 

posterior, 268, 269, 290 
cochleariformis, 1198 
condyloid, of mandible, 279, 
280 

surface anatomy, 1442 
coracoid, 334, 336 
homologue, 340 
ossification, 337 
surface anatomy, 1428 
coronoid, of mandible, 279, 
280 

surface anatomy, 1442 
of ulna, 352, 355 
costal. See Element, costal 
ethmoidal, of inferior concha, 
310 

falciform, of sacrotuberous 
ligament, 480 

frontal, of maxilla, 246, 276, 
319 

of zygomatic bone, 325 
frontonasal, 93 
funicular, in hernia, 1343 
globular, 93 
head, 58 
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Process or Processus (cont.) 
of incus, 1201 
infundibular, 954 
intrajugular, 288 
j'ugular, 262, 263, 288 
lacrimal, of inferior concba, 
310 

of malleus, 1194, 1200 
mamillary, 216, 218 
homologues, 218 
ossification, 226 
mastoid, 253, 254, 262, 297, 
1203 

development, 302 
growth, changes, 302 
surface anatomy, 1439 
in norma basalis, 262 
lateralis, 253, 254 
maxillary, 93 

relation to stomodasum, 
162 

of inferior concha, 310 
muscular, of arytenoid, 1229 
nasal, lateral, 93 
median, 93 
odontoid, 210, 211 
joint, 440 
ossification, 225 
orbital, of palatine bone, 323 
palatine, of maxilla, 319, 320 
development, 96 
palpebral, of lacrimal gland, 
1187 

papillary, of liver, 1350, 1353 
paramastoid, 288 
petrosal, of sphenoid, 290 
phalangeal, of spiral organ, 
1212, 1213 
protoplasmic, 37 
pterygoid, 243, 258, 292 
ossification, 293 
hamulus, 260, 293 
plate, lateral, 259, 293 
medial, 259, 293 
in nasal cavity, 276 
pterygospinous, 260 
pyramidal. See Tubercle of 
palatine bone 

septal, of nasal cartilage, 
1156 

sphenoidal, of nasal septum, 
1155 

of palatine bone, 276, 324 
spinous, of vertebrae, 206. 
See also Spine, verte- 
bral 

styloid, of fibula, 402, 404 
of metacarpal, third, 365 
of radius, 350 
surface anatomy, 1432, 
1433 

of temporal bone, 253, 254, 
300 

attachments, 254 
development, 99, 301 
ossification, 301 
relation to vessels, 719 
of ulna, 353, 355 
surface anatomy, 1432, 
1433 

supracondylar, of humerus, 
346 

relation to brachial artery, 
745 

temporal, of zygomatic bone, 
325 

transverse, of vertebrae, 206, 
228 


Process or Processus (cont) 
transverse, of vertebrae, ho- 
mologues, 207 
ossification, 224 
of atlas, 209, 210 
surface anatomy, 1445 
of axis, 211, 212 
cervical, 207, 208 
seventh, 213 
sixth, 208 

surface anatomy, 1445 
of coccyx, 223, 224 
lumbar, 216, 218 
fifth, 217 

surface anatomy, 1451 
sacral, 218 
thoracic, 214, 215 
trochlear, of calcaneum. See 
Tubercle, peroneal 
tubarius, 293 

uncinate, of ethmoid bone, 
277, 309 

of pancreas, 1346 
vaginal, of sphenoid bone, 
291, 293 
of vomer, 260 
vaginalis testis, 192, 1343 
development, 192 
homologue, 1402 
obliteration, 1381 
relation to hernia, 1343 
vermiform. See Appendix, 
vermiform 

vocal, of arytenoid, 1229 
xiphoid, 231 
development, 85 
ossification, 232 
surface anatomy, 1453 
zygomatic, of frontal, 304 
of maxiUa, 246, 319 
• of temporal bone, 252, 295 
roots, 254, 262 
Proctodseum, 173 
Prodentine, 1280 
Prominence, of facial canal, 
1197 

laryngeal, 1227, 1444 
Promontory, sacral, 218 
in female, 223 
in pelvis, 379 

of tympanic cavity, 1197, 
1206 

Pronation, 470 
Pronephros, 184 
Pronucleus, female, 47 
male, 51 

Prosencephalon, 58, 123, 962 
derivatives, 123 
development, 58, 115 
Prostate, 1380, 1391 
applied anatomy, 1392 
arteries, 777, 782, 1392 
development, 194 
examination of, 1464 
ligaments, 574, 1373, 1374, 
1391 

lobes, 1391 

median, in bladder, 1376 
lymph vessels, 874 
nerves, 1152, 1392 
sheath, 1391 
structure, 1392 
urethra in, 1377 
veins, 836, 837, 1392 
Prosthion, 328, 382 
Protoplasm, nature of, 1, 2 
in muscle, 34 
Protovertebrse, 83 


Protuberance, mental, 277 
occipital, external, 250, 251, 

285 

surface anatomy, 1438 
internal, 271, 272, 285 
“ Proximal,” xxxii 
Pterion, 261, 303, 329 
ossicle, 315 

surface anatomy, 1439 
Puberty — 

changes in aortic bodies, 141 6 
in larynx, 1226 
in mammary gland, 1407 
in thymus, 165, 1420 
Pubis, os, 368, 374, 379 
in acetabulum, 377 
body, 374 
crest, 374, 375 
homologues, 340 
ossification, 378 
in pelvis, 379 
rami, 374, 375 
sex differences, 382 
structure, 378 
symphysis, 483 
tubercle, 374 

relation to hernia, 1345 
Pudendum muHebre, 1405 
Pulp, enamel, 1279, 1280 
of spleen, 1423 
of teeth, 1275 
development, 1279 
Pulvinar, 955, 958, 995 
functions, 958 

Puncta vasculosa, of cerebrum, 
1005 

Punctum lacrimale, 1184, 1188 
Puncture, lumbar, 1029 
Pupil of eye, 1170 
atresia, congenital, 128 
Purkinje cells of cerebellum, 
934, 935 

fibres of heart, 36, 685 
Purple, visual, 13, 1172, 1175 
Putamen, 1012 
connexions, 1012 
structure, 1012 

Pylorus, 1317, 1318, 1320, 1321 
surface anatomy, 1459 
Pyramid, of cerebellum, 927, 930 
of kidney, 1365 
of medulla oblongata, 907 
decussation, 906, 907, 911, 
1018 

olfactory, 984 
of temporal bone, 298 
of tympanic cavity, 1197 
of vestibule, 1204 

Badiation, auditory, 995, 1066 
in internal capsule, 1010 
optic, 960, 968, 1039 
in internal capsule, 1010 
Badiilentis, 1177 
Badius, 348, 350 
fractures, 356, 357 
head, 348, 350 
subluxation, 470 
surface anatomy, 1430 
lower end, 348, 350 
movements, 470 
neck, 348, 350 
nutrient artery, 753 
ossification, 352 
shaft, 348, 350 
structure, 350, 352 
styloid process, 348, 350 
surface anatomy, 1432 
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Eadius {cont.) 
tubercle, dorsal, 350, 352 
tuberosity, 348, 350 
Kami conunuiucantes, grey, 
1084, 1129, 1139, 1140 
cervical, 1143 
coccygeal, 1148 
lumbar, 1147 
sacral, 1148 
thoracic, 1147 

white, 1084, 1129, 1139, 
1140, 1142 
lumbar, 1147 
thoracic, 1147 

Eami of spinal nerves, 1085, 
1086, 1088 

anterior primary, 1085, 1088, 
1128, 1129 
cervical, 1088 
coccygeal, 1117, 1128 
lumbar, 1111 
sacral, 1117 
fifth, 1128 
thoracic, 1107, 1108 
first, 1093, 1117 
twelfth, 1009 
typical, 1129 

posterior primary, 1085,1086, 
1128, 1129 
cervical, 1086 
coccygeal, 1088 
lumbar, 1087 
sacral, 1088 
thoracic, 1087 
typical, 1129 

Eamus, of ischium, 376, 377 
of lateral cerebral sulcus, 976 
lingualis vagi, 1072, 1078 
of mandible, 279, 280, 1442 
of pubis, 374, 375 
Kanvier, crosses, 41 
nodes, 41 

Eaphe, median, of pharynx, 
1283 

of scrotum, 1387, 1464 
palpebral, lateral, 527, 1185 
pterygomandibular. /See 
Ingament 

Eathke’s pouch, 117, 165 
Bay, medullary, of kidney, 1365 
Beceptor apparatus, 880 
Beceptors, 882 

Eecess, Eecesses or Eecessus — 
csecal, 1315 
cochlear, 1204 
costodiaphragmatic, 1250 
surface anatomy, 1454 
costomediastinal, 1250, 1454 
dorsal, of fourth ventricle, 938 
duodenal, 1314 
duodenojejunal, 1315 
ellipticus, 1204 
epitympanic, 297, 1195 
hepato-enteric, 174 
ileocaecal, 1315 
infundibular, of third ven- 
tricle, 117, 166, 968 
of labyrinth, 1204 
lateral, of fourth ventricle, 
938, 939 

of lesser sac, 1311 
mesocohc, 1315 
optic, 117, 967, 969 
paraduodenal, 1315 
of pelvic mesocolon, 1316 
peritoneal, 1314 
pharyngeal, 1290 
pineal, 116, 961, 969 


Eecess, Eecesses or Eecessus 
(cont.) 

pneumato-enteric, 174 
retrocsecal, 1316 
retroduodenal, 1315 
sacciformis, 474 
spheno-ethmoidal, 276, 1158 
spherical, of labyrinth, 1204 
suprapineal, 970 
tubotympanic, 130, 167 
of tympanic membrane, 1202 
of ventricle, fourth, 938, 939 
third, 166, 969 
Eectum, 1338 

arteries, 769, 770, 771, 777, 
779, 1341 
development, 171 
lymph drainage, 870 
glands, 868 

nerves, 1152, 1338, 1342 
peritoneum, 1301, 1306, 1339 
relations, 1339 
structure, 1340 
surface anatomy, 1464 
veins, 835, 836, 1342 
Eeflex actions, 895, 1022 
body righting, 948 
ciliospinal, 1022, 1153 
cremasteric, 1132 
deep, 1022 

labyrinth righting, 948 
light, 952 
organic, 1022 
of pupil, 1022 
superficial, 1022 
tendon, 1022 
vagal, 1075 
visual, 952, 1022 
Eegions. See also Areas 
abdominal, 1303 
anal, 57 6 * 

epigastric, 1304 
gluteal. /S'ee Buttock 
hypochondriac, 1304 
hypogastric, 1304 
ihac, 1304 
inguinal, 1304 
lumbar, 1304 

olfactory, of nasal cavity, 
1157 

subthalamic, 954, 963 
tympanohyal, 131 
umbilical, 1304 
urogenital, 576. See also 
Perineum 
in female, 579 
in male, 576 
Bemak, fibres of, 42 
Beproduction, of animal cell, 2 
Eespiratoiy centre, 905, 917 
mechanism, 558 
system, 905, 1226 
Bestiform body. See Peduncle, 
cerebellar, inferior 
Bete dorsale, 152 
plantare, 152 
testis, 1382 
development, 191 
Beticulo-endothelial system, 31 
Beticulum, of cells, 1, 2 
of lymph glands, 846 
stellate, 1279, 1280 
Eetiua, 1172 
artery, 722, 1176 
cortical representation, 994 
degeneration, 1176 
development, 125 
layers, 1173 


Eetina (cont) 
macula lutea, 1172, 1175 
pars ciliaris, 126, 1170, 1172, 
1176 

structure, 1176 
iridica, 126, 1171, 1172, 
1176 

structure, 1172 
supporting framework, 1175 
veins, 1176 

Eetinaculum, Eetinacula — 
of arcuate ligament, 495 
of deep fascia, 523 
extensor, of ankle, 650 

surface anatomy, 1472 
1473, 1474 
of wrist, 612 
surface anatomy, 1435 
femoral, 485 
flexor, of ankle, 651, 799 
surface anatomy, 1473, 
1474 

of wrist, 597, 609 
superficial part, 610 
surface anatomy, 1435 
of hip-joint, 485 
patellar, 493, 499 
peroneal, inferior and sup- 
erior, 651 

Betroflexion of uterus, 1402 
Betroversion of uterus, 1402 
Ehinencephalon, 963, 984 
commissures, 998 
development, 118, 120, 122 
evolution, 971, 972 
functions, 984 
structure, 995 
Bhinion, 328 

Bhodopsin, 13, 1172, 1175 
Ehombencephalon, 58, 123, 

886, 904, 910 
centres in, 904, 905 
derivatives, 123, 904 
development, 110, 123, 910 
evolution, 904, 905 
flexures, 110, 112 
functions, 904, 905 
isthmus, 110, 113, 123 
relation to visceral arches, 904 
Bibs, 232 
angle, 234, 236 
cervical, 85, 213, 232, 239, 
1106 
crest, 233 
development, 85 
eleventh, 235 
false, 232 
first, 234, 236 
floating, 233 
fracture, 239 
head, 233, 235 
joints, 445, 447 
lumbar, 232 
movements, 447, 450 
in respiration, 558 
neck, 233, 236 
ossification, 237 
second, 235, 236 
shaft, 233, 234 
structure, 237 
surface anatomy, 1449 
tenth, 235 
true, 232 

tubercle, 234, 236 
twelfth, 235, 236 
vertebral, 233, 450 
vertebrochondral, 233, 451 
vertebrosternal, 232, 450 
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Ridge, alveolar, of mandible, 
284 

bulbar, 145 

bulboventricular, 135, 144 
of corium, 1221 
epipericardial, 98 
ganglion, 108 
genital, 190 
interureteric, 1375 
mesonephric, 185, 190 
milk, 104 
pulmonary, 181 
supracondylar, of humerus, 
843, 346, 1430 
suprarenal, 125 
transverse, of sacrum, 219 
trapezoid. See Line, trape- 
zoid 

Rima glottidis, 1233, 1235 
in deglutition, 1299 
oris, 1261 
palpebrarum, 1184 
pudendi. See Cleft, pudendal 
vestibuli, 1233 
Ring, aortic, 682 
atrioventricular, 676, 681, 
683 

ciliary, 1169 
femoral, 785, 1344 
fibrocartilaginous, of tym- 
panic membrane, 1196 
fibrous, of heart, 681 
inguinal, deep (abdominal), 
571 

relation to hernia, 1342 
surface anatomy, 1459 
superficial, 562, 571 
crura, 562 

relation to hernia, 1342 
surface anatomy, 1459 
tendinous, common, of eye 
muscles, 1180 
tracheal, 1243 
tympanic, 301, 302 
Rods of Corti, 1212 
of retina, 1174 
development, 125 
Rod-granules of retina, 1174 
Roof, of mouth, 1262 
of nasal cavity, 1159 
of nasopharynx, 1292 
of orbit, 247, 248 
of tympanic cavity, 1195 
of ventricle, lateral, 1003, 
1004 

fourth, 938 
openings, 940, 1028 
third, 968 

development, 115, 1015 
Roof -plate. See Plate, roof 
Root sheath of hair, 1224 
Roots, of ganglion, ciliary, 
1046 

otic, 1045, 1051, 1052, 
1054 

sphenopalatine, 1049 
submandibular, 1045, 1054 
of hair, 1223 
of lungs, 1257 
of mesentery, 1313, 1327 
surface anatomy, 1463 
of nails, 1222 
of nerves, accessory, 1075 
brachial plexus, 1093 
cervical, 1083 
coccygeal, 1083 
facial, motor, 1060 
sensory, 1060 


Roots (cont.) 
of nerves, lumbar, 1083 
median, 1099 
sacral, 1083 
spinal, 890, 903, 1082 
anterior, 890, 903, 
1031, 1082 
posterior, 891, 895, 
903, 1031, 1082 
coverings, 1083 
development, 106, 108 
length, 890 
medullation, 902 
variations in size, 1083 
thoracic, 1083 
trigeminal, 1043 
of olfactory tracts, 984, 985 
of optic tract, 967, 968, 1039 
of penis, 1389 
of teeth, 1272 
canine, 1274 
incisor, 1273 
molar, 1275 
premolar, 1274 
of tongue, 1283 
of vertebral arch. See Pedicle 
of zygoma, 252, 254, 295, 
1439 

Rostrum, of corpus callosum, 
981, 999, 1000 

of sphenoid bone, 260, 276, 
291 

Rotation, of gut, 170 
at joints, 430 
of limbs, 101 
of stomach, 168 
of vertebral column, 438 
Rouget cells, 664 
Rugae, of bladder, urinary, 1376 
of scrotum, 1388 
of stomach, 1319 
of vagina, 1405 

Sac, amniotic, 73 
aortic, 147 
dental, 1280, 1281 
hernial, 1342 
lacrimal, 1187, 1188 
arteries, 722 
development, 129 
structure, 1189 
veins, 819 
lymph, 161 
jugular, 161 
retroperitoneal, 161 
pericardial, 667 
peritoneal, greater, 1305, 
1306 

horizontal disposition, 
1308 

vertical disposition, 1306 
lesser, 1305, 1311 
aditus to, 175, 1305, 

1309, 1310 

development, 168, 175 
recesses, 1311, 1312 
pleural, 1246. See also Pleura 
preputial, 1390 
yolk, 55, 72 
Saccule, 1207, 1208 
development, 129 
nerve, 1214 
structure, 1208 
Saccule of larynx, 1234 
Saccus endolymphaticus, 298, 
1208 

development, 129 
vaginalis, 192, 193 


Sacrum, 218, 221 
age changes, 223 
apex, 218, 220 
auricular surface, 220, 222 
base, 218 
canal, 220, 222 
cornua, 219 
costal element, 219 
epiphyses, 226 
lateral mass, 219, 221 
movements, 483 
ossification, 226 
in pelvis, 379, 483 
sex differences, 223, 383 
structure, 223 
in vertebral column, 227 
Sagittal plane, xxxii 
Safiva, 1270 
Sarcolemma, 32, 519 
Sarcomere, 34 
Sarcoplasm, 33 
Sarcostyle, 33 
Scala tympani, 1206, 1207 
development, 130 
vestibuli, 1206, 1207 
development, 130 
Scalp, 523 

applied anatomy, 525 
arteries, 709, 710, 711, 714, 
723 

fascia, 523 
incisions, 526 
lymph vessels, 852 
movements, 524 
muscles, 523 

nerves, 1044, 1045, 1048, 
1086, 1088 

surface anatomy, 1438 
veins, 806, 807 
Scaphoid bone, 357, 360 
fracture, 368 
homology, 417 
ossification, 366 
surface anatomy, 1433 
Scapula, 332, 334 
acromion, 334, 336 
coracoid process, 334, 336 
epiphyses, 337 
homologues, 340 
ligaments, 456 
movements, 454, 455, 460, 
590 

ossification, 337 
in shoulder girdle, 332 
structure, 337 
surface anatomy, 1438 
winged, 590 
Scapus. See Hair 
Schindylesis, 426 
Schwann, sheath of, 42 
Sciatica, 1134 
Sclera, 1164, 1165 
development, 129 
nerves, 1166 
spur, 1166 
structure, 1166 
vessels, 1166 
Sclerotome, 66, 83 
Scrotum, 1387 
applied anatomy, 1388 
arteries, 779, 789, 790, 1388 
development, 196 
hernia into, 1342, 1343 
homologues, 196 
lymph vessels, 874 
nerves, 1112, 1122, 1128, 
1388 

veins, 832, 835 
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Sebum cutaueum, 1208 
Secretions, internal, 1411 
Seessel’s pouch, 167 
Segmentation, of mesoderm, 65 
of ovum, 53 

Segments, intemodal, 41 
of Lantermann, 42 
medullary, 42 
spinal, 889 
uterine, lower, 1400 
Sella turcica, 267, 290 
Seminal vesicle. See Vesicle, 
seminal 

Sensibility, cutaneous, 883 
deep, 883 
epicritic, 883 ^ 
pathway, 901, 903, 912, 
914, 919, 1018, 1021 
exteroceptive, 882 
pathway, 883 
gnostic, 883 

proprioceptive, 882, 901, 

903, 912, 914, 919, 

1018, 1021 
pathway, 882 
protopathic, 883 
pathway, 883, 899, 900, 
917, 924, 925, 1020, 
1021 
vital, 883 

Septum, aortopulmonary, spir- 
al, 144 
atrial, 672 

development, 145, 146 
atrioventricular, 681 
bulbar, distal, 144 
proximal, 146 
of clitoris, 1407 
femoral, 786 
relation to hernia, 1344 
inferius (of His), 144 
intermedium, 140 
intermuscular, 523 
of arm, 593, 1431 
of leg, 640 
of thigh, 624 
interorbitonasal, 85 
of lens, 1178 

lucidum, 984, 998, 999, 1002, 
1003 

cavity, 1002 
development, 999 
mediastinal, 667, 1252 
nasal, 274, 276, 1159 
applied anatomy, 1163 
arteries, 709, 715, 723, 
1161 

bony, 274, 276 
cartilaginous, 1153 
development, 94 
mobile, 1155, 1156 
nerves, 1050, 1161 
ossification, 314 
veins, 1161 
orbital, 1185 

palmar, intermediate, 614 
lateral, 614 
medial, 614 

pectiniform, of clitoris, 1407 
of penis, 1388, 1389 
pellucidum. See Septum, 
lucidum 
of penis, 1389 
of placenta, 81 
primum, of atria, 140, 146, 
674 

of scrotum, 1387 
secundum, of atria, 141, 146 


Septum (cont.) 
sinus, 137 

of spinal cord, posterior, 
median, 890, 891 
development, 106 
spurium, 137 
subarachnoid, 1028 
testis, 1381 

of tongue, 1286, 1288, 1289 
transversum, 72, 168, 188 
derivatives, 183 
descent, 183 
origin, 72 

relation to liver, 177 
of semicircular ducts, 
1208 

urorectal, 172 
ventricular, 681, 684 
development, 144, 145, 146 
membranous part, 146, 
681 

Sesamoid bones, 425 
of foot, 425, 649, 656 
of great toe, 425, 656 
of hand, 425 
of thumb, 425 
Sex cells, in embryo, 192 
Sex determination, 53 
Sex dijfferences, in larynx, 1226 
in pelvis, 381 
in sacrum, 223 
in skull, 328 
in thorax, 239 
Sharpey’s fibres, 21 
Sheath, of arteries, 663 
of atrioventricular bundle, 
684 

axillary, 537 
carotid, 537, 700 
dentinal, 1276 

epithelial, of root of tooth, 
1281 

of eyeball, fascial, 1164 
fascial, of levator palpebrsB 
superioris, 1179, 1182 
femoral, 785 

constitution, 621, 624, 785 
contents, 786 
relation to hernia, 1345 
fibrous, of flexor tendons, of 
fingers, 601, 614 
of toes, 655 
of hairs, 1224 
of kidney, 1364 
medullary, 42 
mitochondrial, 48 
mucous. See Sh., synovial 
muscles, obliq^ue, of eyeball, 
1182 

recti, of eyeball, 1182 
rectus abdominis, 568 
neurolemma, 40, 42 
of optic nerve, 1038 
applied anatomy, 1039 
of parotid gland, 1266 
of prostate, 1391 
of rectus abdominis, 568 
of Schwann, 42, 108, 110 
of spinal nerves, 1083 
of styloid process, 262, 279, 
299 

synovial, 427 
around ankle, 651, 656 
wrist, 610, 612 
of biceps tendon, 462 
of extensor tendons, of 
ankle, 651, 652 
of wrist, 612 


Sheath (cont.) 

synovial, of flexor tendons, 
of ankle, 656 
of fingers, 610, 612 
of toes, 646, 656 
of wrist, 610 
inflammation, 615 
of limbs, lower, 651, 656 
surface anatomy, 1472 
upper, 610, 612 
surface anatomy, 1438 
Shell, trophoblastic, 77 
Shield, embryonic, 56 
Shin, 397 

Shoulder, 456. See also Joint, 
shoulder 
bones, 332, 338 
dislocation, 462 
movements, 454, 459 
muscles, 590 
surface anatomy, 1427 
Sibson’s fascia. See Mem- 
brane, suprapleural 
Sight, organ of, 1163 
SINUS, air. See S., paranasal 
anal, 1340 
aortic, 146, 680, 682 
carotid, 700, 720 
nerves, 1069, 1072 
coronary. See S., venous, 
coronary 

costomediastinal, 1250 
of epididymis, 1381 
of kidney, 1364, 1365 
lactiferous, 1408 
of larynx, 1234 
lymph, 846, 847 
paranasal, 203, 1162 

applied anatomy, 1163 
development, 294, 307, 
310, 321 
growth, 327 

ethmoidal, anterior, 308, 
310, 1158, 1162, 
1189 

opening, 275, 277 
middle, 308, 309, 1162 
opening, 275 
posterior, 308, 1162 
frontal, 265, 307, 1162 
dimensions, 307 
growth, 307 
openings, 275, 277 
surface anatomy, 1444 
maxiUs^, 311, 318, 1163 
applied anatomy, 318, 
1163 

dimensions, 318, 1163 
growth, 321 
openings, 277 
relation to nasal cavity, 
275, 277 

surface anatomy, 1444 
sphenoidal, 265, 268, 276, 
290, 1162 

dimensions, 290, 1162 
relation to nasal cavity, 
277 

of pericardium, oblique, 669 
transverse, 135, 669 
phrenicocostal. See Becess, 
costodiaphragmatic 
precervical, 97, 98 
prostatic, 1377 
of pulmonary trunk, 682 
rectal. See S., anal 
renal, 1364, 1365 
splenic, 1425 



INDEX 


1525 


Sinus {cont.) 
tarsi, 410, 411 
tonsillar, 1292 
urogenital, 193 
venarum, 137, 674 
venosus of heart, 135, 136, 
154 

sclerse, 1165, 1167 
venous, 803, 814, 815 
basilar network, 820 
cavernous, 806, 818 
applied anatomy, 819 
communications, 819 
development, 160 
relation of nerves in, 
1057 

surface anatomy, 1441 
circular, 820 
confluence, 286, 816 
coronary, 804 
development, 136 
orifice, 673 
valve, 673, 804 
of dura mater, 803, 814 
development, 168 
structure, 666 
intercavernous, 820 
marginal, of placenta, 81 
meningeal, middle, 821 
occipital, 818, 1025 
development, 160 
petrosal, inferior, 811, 820 
development, 160 
superior, 820 
development, 160 
petrosquamosal, 817, 821 
sagittal, inferior, 816 
development, 160 
superior, 815 
communications, 816 
development, 160 
surface anatomy, 1440 
sigmoid, 817 
development, 160 
relation to tympanic an- 
trum, 1198 

surface anatomy, 1440 
thrombosis, 1203 
sphenoparietal, 819 
straight, 816, 1025 
development, 160 
transverse, 816 
development, 160 
surface anatomy, 1440 
Sinusoids, 664 
of adrenal glands, 664, 1418 
of liver, 661, 1356 
development, 154, 177 
of parathyroid glands, 664, 
1415 

Skein, chromatic, 2, 3 
Skeleton, 203 

appendicular, 203 
axial, 203 
development, 83 
endoskeleton, 203 
exoskeleton, 203 
of face, 239 
of foot, 407 

comparison with hand, 422 
function, 422 
ossification, 421 
of hand, 357 

comparison with foot, 422 
function, 422 
ossification, 366 
of limbs, lower, 368 
upper, 332 


Skeleton {cmt.) 
of skull, 239 
of thorax, 238 
Skin, 1219 

appendages, 1222 
arteries, 1221 
development, 103 
end-organs, 1154, 1816, 
1222 

functions, 1219 
glands, 1224 
innervation, 1130, 1222 
lymph vessels, 1222 
structure, 1219 
true, 103 
of anus, 1464 
of auricle, 1190 
of axilla, 1428 
of eyelids, 1185 
of face, 1443 
of fingers, 1438 
of foot, 1473 
of forearm, 1433 
of hand, 1436, 1437 
of meatus, external auditory, 
1193 

of neck, 1446 
of nose, 1156 
of penis, 1464 
of scalp, 1440 

of scrotum, 1387, 1388, 1464 
Skull, 239 

age diflerences, 326 
applied anatomy, 330 
base, 240, 264 
chordal part, 87 
external surface, 255 
hypophyseal part, 87 
internal surface, 265 
interorbitonasal part, 87 
prechordal part, 87 
at birth, 326 
blastemal, 87 
capacity, 328 
chondrification, 86, 87, 90 
circumferences, 329 
classification, 328, 330 
craniology, 328 
development, 86 
fontanelles, 326 
fossse, /8ee Fossa, cranial 
fractures, 331 
functions, 330 
indices, 329, 330 
landmarks, bony, 1438 
measurements, 329 
membranous, 86 
morphology, 87 
movements, 443, 444 
norma, basalis, 255, 258, 
262 

frontalis, 244 
lateralis, 251 
occipitalis, 250 
verticalis, 244 
principal points, 329 
sex differences, 328 
surface anatomy, 1438 
sutures, 240, 2M 
obliteration, 327 
tables, 203, 263 
veins, 813 
brachycephalic, 330 
brachyfacial, 329 
dolichocephalic, 330 
dolichofacial, 329 
leptorhine, 330 
megacephalic, 328 


Skull (cont.) 
megaseme, 330 
mesaticephalic, 330 
mesocephalic, 328 
mesognathous, 330 
mesorhine, 330 
mesoseme, 330 
microcephalic, 328 
microseme, 330 
orthognathous, 330 
platyrhine, 330 
prognathous, 330 
Skull-cap, 240, 264 
Slit, gill, 91 

Smegma preputii, 1390 
Smell, organ, 1155 
Sockets, tooth, of mandible, 
279 

of maxilla, 319 
Sole of foot — 
arteries, 802 
fascia, 653 
lymph vessels, 864 
muscles, 653 
nerves, 1125 
surface anatomy, 1473 
veins, 834 
Somatopleure, 66 
Somites, mesodermic, 63, 65, 
103 

Space, cavernous, of penis, 1390 
comeal, 1166 
epidural, 888, 1026 
episcleral, 1182 
extradural, 888, 1026 
intercostal, 233 
interglobular, of dentine, 
1277, 1281 
interpleural, 1246 
interseptovalvular, 140 
intervillous, of placenta, 76, 

80 

of iridocorneal angle, 1167 
medullary, 24 
palmar, middle, 614 
perichoroidal, 1165 
^perilymphatic, 1207 
perineuronal, 1029 
perivascular, of brain, 845 
perivitelline, 46 
popliteal, 792 

quadrilateral, of arm, 696, 
744, 1097 

retropharyngeal, 537 
retropubic, 1374 
subarachnoid, 888, 1026, 
1087 

communications with 
membranous labyrinth, 
1206, 1207 

surface anatomy, 1451 
subcapsular lymphatic, 847 
subdural, 888, 1026 
suprasternal, 537 
thenar, 614 
Traube’s, 1461 
triangular, of arm, 590 
venous, of corpora caver- 
nosa, 1390 

Spatia zonularia, 1177 
Spermatids, 49, 1382 ^ 

Spermatocele, 1384 
Spermatocytes, primary, 49, 
1382 

secondary, 49 
Spermatogonia, 49, 1382 
Spermatozoon, 43, 48, 49, 1382 
development, 49, 50 
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Sphenoid bone, 2S9 

applied anatomy, 294 
at birth, 294 
chondrification, 88, 89 
development, 87, 88, 89 
ossification, 293 
in anterior cranial fossa, 
241, 265, 266 
in middle cranial fossa, 
241, 267, 269 
in norma basalis, 259, 260, 
267 

lateralis, 251 
body, 265, 267, 276, 289 
clivus, 271 

pterygoid processes, 292 
rostrum, 260, 276, 291 
spine, 291 

wings, greater, 240, 291 

infratemporal surface, 
259, 260 
in orbit, 250 
lesser, 241, 292 
in orbit, 248 

Sphenoidal conchas, 290, 293 
Sphincter ani ext emus, 576, 577 
internus, 576, 1341 
ileocolic, 1333 
palatopharyngeal, 1298 
pupillae, 947, 1171 
development, 129 
pyloric, 1320, 1321 
urethrae, 580, 1378 
in female, 582, 1379 
veaicae, 1375 

Spinal cord or medulla. JSee 
Cord, spinal 
Spindle, achromatic, 3 
aortic, 694 
of Golgi, 622 

neuromuscular, 1217, 1218 
neurotendinous, 1217 
Nissl’s, 39, 883 
Spine or Spina — 
angular. See S., sphenoidal 
of axis, 210, 212 
bifida, 85 ' 

frontal. See S., nasal, of 
frontal 
of helix, 1191 

iliac, anteriorinferior,369, 371 
superior, 368, 369, 371 
surface anatomy, 
1465, 1466 

posterior inferior, 369 
superior, 368, 369 
surface anatomy, 
1449, 1470 
ischial, 376, 377 
mental. See Tubercle, genial 
nasal, anterior, 246, 316, 320, 
1441 

of frontal bone, 276, 305 
posterior, 257, 322 
pubic. See Tubercle, pubic 
of scapula, 333, 336 
surface anatomy, 1428 
sphenoidal, 259, 260, 291 
suprameatal, 252, 295) 300 
trochlear, 306 
vertebral, 206 

surface anatomy, 1446, 
1449, 1452 
cervical, 207 
seventh, 212, 213 
lumbar, 216, 218 
sacral, 219 
thoracic, 213, 215 


Spirem, 2, 3 

Splanchnology, xxxii, 1226 
Splanohnopleure, 66 

Spleen, 1411, 1421 
accessory, 1423 
applied anatomy, 1426 
arteries, 765-, 1424 
development, 179 
lymph drainage, 868 
nerves, 1150, 1425 
peritoneum, 1423 
structure, 1423 
surface anatomy, 1453 
veins, 842, 1425 
Splenium of corpus callosum, 
981, 999, 1000 
Spongioblast, 105, 108 
Spongioplasm, 34 
Spot, blind, 1172 
germinal, 45, 46 
Spur, of malleus, 1200, 1202 
scleral, 1166 
Stalk, body, 70, 73 
optic, 115, 125 
pineal, 962 
Stapes, 1200, 1201 
development, 99, 131 
movements, 1202 
ossification, 1201 
Stem, of lateral cerebral sulcus, 
976 

Stephanion, 329 
Stereognosis, 993, 995 
Sternum, 229, 231 
development, 86 
fracture, 239 
manubrium, 229, 231 
movements, 449 
ossification, 232 
structure, 232 
xiphoid process, 231 
Stomach, 1316 

arteries, 763j 764, 766, 

1424 

bare area, 1316, 1318 
body, 1318, 1320 
curvatures, 1316 
development, 168 
fundus, 1318 
glands, 1322 
interior, 1319 
lymph drainage, 866, 1150 
glands, 865 

mucous membrane, 1322 
muscle, 1320 
nerves, 1074, 1150, 1322 
openings, 1316 
peritoneum, 1305, 1308, 
1310, 1320 
position, 1316, 1319 
variations, 1319, 1459 
pyloric part, 1317, 1318, 
1320 

rotation, 168 
shape, 1316 
variations, 1319 
structure, 1320 
surface anatomy, 1459 
veins, 842, 843, 844, 1323 
Stomach bed, 1319 
Stomata of capillaries, 664 
Stomodseum, 69, 162 
Strand, dorsal peripheral, 903 
triangular, 903 
Stratum. See also Layer 
aculeatum, of skin, 1220 
basale, of skin, 1219 
central, grey, 951 


Stratum (cont.) 
cinereum, 950 
compactum, of decidua, 78 
corneum, of skin, 6, 1220 
fibrous, of articular capsule. 
See Ligament, capsular 
of tympanic membrane, 
1196 

germinativum, of skin, 1219 
development, 103 
granulosum, of ovarian foll- 
icle, 45, 1395 
of skin, 6, 1220 
intermedium, of choroid, 
1168 

of enamel-organ, 1280 
lacunosum, of hippocampus, 
997, 998 
lemnisci, 951 

lucidum, of hippocampus, 997 
of skin, 6, 1220 
moleculare, of hippocampus, 
997 

opticum, of retina, 1173 
of superior corpus quadri- 
geminum, 950 

radiatum, of hippocampus, 
997 

spongiosum, of decidua, 78 
synoviale. See Membrane, 
synovial 

zonale, of superior corpus 
quadrigeminum, 950 
of thalamus, 955, 956 
Streak, primitive, 57, 70 
in amphibia, 64 
in reptilia, 65 

Stria, auditory, 909, 922, 941, 
1065 

of Gennari. See S., visual 
habenularis, 955, 961, 988 
longitudinal, of cori)us call- 
osum, 985, 999 
development, 121 
medullares. See S., auditory 
olfactory. See Boots, ol- 
factory 

semicircularis, 955, 1014 
in lateral ventricle, 1003, 
1004 

terminalis. See S. semicircu- 
laris 

vascularis, of cochlea, 1210 
visual, 988, 993 
Stripe, Hensen’s, 1213, 1214 
Stroma, of iris, 1170 
of ovary, 45, 1394 
of red cells, 29 
Stylohyal, 300, 301, 302 
Sublingual gland. See Gland 
Submandibular gland. See 
Gland 

Substance. See also Matter 
fibrinoid, 81 

grey, of cerebellum, 933 
of cerebrum, 988 
of medulla oblongata, 911 
of pons, 922, 925 
of spinal cord, 892, 893 
intercellular, of epithelia, 4 
of connective tissues, 7 
perforated, anterior, 984, 
985, 996 

arteries piercing, 726, 
727 

posterior, 943, 963 
arteries piercing, 726, 
73S 
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Substance (cont.) 
pulmonary, 1258 
white of cerebellum, 930 
of cerebrum, 1004 
of Schwann, 41 
of spinal cord, 897 
Substantia compacta, of bone, 1 8 
ferruginea, 941 
gelatinosa, centralis, 892, 
893, 897 

of medulla oblongata, 912, 
919 

of spinal cord, 892 
nigra, 943, 944 
propria, of cornea, 1166 
Bpongiosa, of bone, 18 
SULCUS, SULCI. JSee also 
Fissures and Grooves 
antihelicis trans versus, 1191 
basilar, of pons, 920 
calcanei, 410, 412 
carotid, 290 
cerebellar, 926 
cerebral, 975 
axial, 975 
complete, 975 
development, 122, 975 
incomplete, 975 
limiting, 975 
operculated, 975 
calcarine, 975, 982 
callosal, 981 
central, 975, 976 
deyelopment, 122 
surface anatomy, 1440 
centralis insulse, 981 
cinguli, 981 
development, 122 
circular, of insula, 979 
collateral, 983 
fimbriodentate, 986 
frontal, inferior, middle, 
and superior, 977, 978 
habenulse, 955, 961 
hippocampal, 986 
development, 120 
hypothalamic, 115, 966, 
970 

insulae, centralis, 981 
intermedins primus, 979 
secundus, 979 
intraparietal, 122, 978 
lateral, 975 

development, 121, 975 
rami, 976 
stem, 976 

surface anatomy, 1440 
limitans, 106, 891 
lunate, 975, 979 
occipital, lateral, 979 
transverse, 979 
occipitotemporal, 983 
olfactory, 983 
orbital, 983 

parieto-occipital, 975, 982 
development, 122, 975 
parolfactory, 981 
polar, 979 

postcalcarine, 122, 975, 

982 

postcentral, 978 
development, 122 
precentral, 976 
development, 122 
rhinal, 983 

of Rolando. See S., central 
subparietal. See S., supra- 
splenial 


Sulcus, Sulci {cont.) 
suprasplenial, 982 
temporal, inferior, 978 
superior, 978 
surface anatomy, 1440 
chiasmatis. See Groove, op- 
tic 

circularis comeae, 1166 
coronary. See Groove, atrio- 
ventricular 
intertubercular. See 
Groove, bicipital 
labiodental, 97 
lateral, of cerebral peduncle, 
943 

limitans, of neural tube, 106 
of fourth ventricle, 931 
of mid-brain, 942 
of spinal cord, 891 
longitudinal, of heart. See 
Groove, interventricular 
malleolaris, 301 
medial, of cerebral peduncle, 
943 

median, of fourth ventricle, 
941 

of medulla oblongata, 887, 
888 

of spinal cord, 890 
of medulla oblongata, an- 
terolateral, 906 
posterolateral, 907 
petrosal, inferior, 287 
superior, 299 

pre-aurioular, of ihum, 374 
m female, 383 

sagittal, 203, 264, 285, 303, 

305 

sigmoid, 271, 272, 297 
of spinal cord, 890 
spiralis, of cochlea, 1210 
of humerus, 341, 345 
tali, 410 

terminalis, of heart, 672 
of tongue, 1283 
development, 164 
of transverse sinus, 286 
tubse, 258, 292 
tympani, 300, 301, 1193, 1196 
valleculee, 926 
“ Superficial,” xxxii 
“ Superior,” xxxii 
Supination, 470 
SURFACE ANATOMY, 1427 
of abdomen, 1457 
of abdominal cavity, 1469 
of arm, 1430 
of back, 1449 
of buttock, 1469 
of face, 1441 
of foot, 1473 
of forearm, 1431 
of gluteal region, 1469 
of hand, 1436 
of head, 1438 
of knee, 1467 
of leg, 1471 
of limb, lower, 1465 
upper, 1427 
of neck, 1444 
of perineum, 1464 
of thigh, 1465, 1469 
of thorax, 1453 
of acetabulum, 1467 
of acromion, 1428 
of angle, acromial, 1428 
inferior, of scapula, 1428 
infrasternal, 1453 


Surface Anatomy {cont.) 
of angle of mandible, 1442 
of mouth, 1442 
sternal, 1453 

of aorta, abdominal, 1462 
arch, of, 1456 
ascending, 1455 
descending thoracic, 1456 
of aperture, nasal, anterior, 
1441 

of apex beat, 1453 
of apex of lung, 1449, 1451 
of aponeurosis, bicipital, 
1430 

of appendix vermiformis, 
1461 

of arch, aortic, 1456 
palmar, 1438 
plantar, 1475 
pubic, 1464 
superciliary, 1438 
venous, of foot, 1473 
zygomatic, 1439 
of area, auditory, 1440 
of cardiac dulness, 1455 
motor, 1440 
sensory, 1440 
visual, 1440 

of artery, axillary, 1428, 1429 
brachial, 1431 
carotid, common, 1446 
left, in thorax, 1456 
external, 1446 
internal, 1446 
cceliac, 1462 
dorsalis pedis, 1474 
epigastric, inferior, 1459 
facial, 1442, 1443 
femoral, 1467 
gastric, left, 1462 
gluteal, inferior, 1470 
superior, 1470 
hepatic, 1462 
iliac, common, 1462 
external, 1462 
innominate, 1456 
labial, 1442 
lingual, 1446 

mammary, internal, 1453 
meningeal, middle, 1441 
mesenteric, inferior, 1463 
superior, 1463 
palmar arch, 1438 
plantar arch, 1475 
popliteal, 1468 
radial, 1432, 1434 
renal, 1462 
splenic, 1462 
subclavian, 1445, 1447 
left, in thorax, 1456 
temporal, superficial, 1439 
tibia], anterior, 1472 
posterior, 1472 
ulnar, 1434 

of atlas vertebra, 1445 
of axis vertebra, 1446 
of back, 1449 
of ball of thumb, 1436 
of base of proximal phalan- 
ges, 1436 

of body of mandible, 1442 
perineal, 1465 
of brain, 1440 
of bridge of nose, 1441 
of bronchus, 1457 
of bulb of penis, 1464 
of bursa, suprapatellar, 1469 
of caecum, 1461 
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Surface Anatomy (conL) 
of calcaneum, 1473 
of canal, anal, 1464 
inguinal, 1459 
subsartorial, 1467 
of carpal bones, 1433 
of cartilages, costal, 1463 
cricoid, 1444 
semilunar, of knee, 1469 
thyroid, 1444 
of cavity, glenoid, 1429 
of centre, auditory, 1440 
motor, 1440 
sensory, 1440 
visual, 1440 
of cerebellum, 1440 
of cerebrum, 1440 
of cervix uteri, 1465 
of cheek, 1442 
of clavicle, 1427 
of coccyx, 1464 
of colon, ascending, 1461 
descending, 1461 
transverse, 1461 
of column, vertebral, 1446, 
1449, 1452 

of condyles of femur, 1446, 
1447 

of tibia, 1467 
of cord, spermatic, 1457 
spinal, 1451 

of cornu, greater, of hyoid, 
1444 

of lateral ventricle, 1440 
of cranium, 1438 
of crest, iliac, 1449 
pubic, 1457 
of scapular spine, 1428 
supramastoid, 1439 
of trapezium, 1433 
of cricoid cartilage, 1444 
of cuneiform bone, 1473 
of curvatures of stomach, 

1459 

of duct, bile, 1461 
parotid, 1143, 1442 
thoracic, 1457 
of duodenum, 1460 
of eminence, frontal, 1438 
hypothenar, 1436 
parietal, 1439 
thenar, 1436 

of epicondyles of humerus, 
1430 

of epididymis, 1464 
of femur, 1467, 1469 
of fibula, 1468, 1471 
of fissure, oblique, of lung, 
1455 

transverse, of lung, 1456 
of fiexure, duodenojejunal, 

1460 

of fold, gluteal, 1469 
vocal, 1448 

of foramen, infra-orbital,1444 
mental, 1443 
of fornix of vagina, 1465 
of fossa, cubital, 1431 
hypophyseal, 1441 
infraclavicular, 1427, 1428 
popliteal, 1468 
supraclavicular, 1445 
of fundus of gall-bladder, 

1461 

of stomach, 1459 
of furrow, iliac, 1461 
nuchal, median, 1438, 1446 
of gall-bladder, 1461 


Surface Anatomy {cont.) 
of ganglia, cervical sym- 
pathetic, 1449 
trigeminal, 1441 
of glabella, 1438 
of gland, mammary, 1429 
parotid, 1443 
submandibular, 1448 
suprarenal, 1462 
thyroid, 1448 
of groin, 1465 

of groove, atrioventricular, 
1455 

interventricular, 1455 
of gyrus, angular, 1440 
supramarginal, 1440 
of hamate bone, 1433 
of head of femur, 1467 
of fibula, 1468 
of metacarpal bones, 1436, 
1473 

of radius, 1430 
of talus, 1473 
of ulna, 1432 
of heart, 1455 
apex beat, 1453 
of hemispheres, cerebral, 
1440 

of hilum of kidney, 1453 
of hook of hamate, 1433 
of hyoid bone, 1440 
of ilium, 1449, 1460 
of inion, 1438 
of instep, 1437 
of intersections, tendinous, 
1467 

of ischium, 1469 
of joint, acromioclavicular, 
1427 

ankle, 1471 
calcaneocuboid, 1474 
cuneometatarsal, 1473 
elbow, 1430, 1431 
hip, 1467 

humeroradial, 1430 
interphalangeal, 1436 
knee, 1468 

metacarpophalangeal, 1436 
metatarsophalangeal, 1474 
sacro-iliac, 1447 
shoulder, 1429 
sternoclavicular, 1444 
talonavicular, 1474 
tarsal, transverse, 1474 
tarsometatarsal, 1474 
wrist, 1436 
xiphisternal, 1453 
of kidneys, 1452, 1461 
of knee, 1467 
of lambda, 1438 
of leg, 1471 

of ligament, inguinal, 1466 
patellae, 1467 
plantar calcaneonavicular, 
1475 

sacrotuberous, 1464 
of line or linea, alba, 1457 
arcuate, 1459 
of pleural reflection, 1454 
semilunaris, 1467, 1459 
temporal, 1439 
of liver, 1460 
of lobule, parietal, 1440 
of lung, 1454, 1455 
apex, 1449, 1461 
borders, 1464 
of malleolus, lateral, 1471 
medial, 1471 


Surface Anatomy (cont.) 
of mandible, 1442 
of margin, costal, 1453 
infra-orbital, 1442 
supra-orbital, 1438 
of mesentery, 1463 
of metacarpal bones, 1436 
of metatarsal bones, 1473 
of muscle, abductor pollicis 
longus, 1432, 1433 
brevis, 1436 
adductor longus, 1466 
magnus, 1466 
biceps (brachii), 1430 
femoris, 1468, 1469 
brachioradialis, 1431 
coracobrachialis, 1431 
deltoid, 1428 
extensor carpi radialis, 
1432, 1433 
ulnaris, 1432 
digiti minimi, 1432 
digitorum, 1432 
brevis, 1473 
longus, 1473 
hallucis longus, 1473 
pollicis brevis, 1432, 
1433 

longus, 1433 

flexor carpi radialis, 1433 
ulnaris, 1433 
digitorum longus, 1472, 
1474 

profundus, 1432 
hallucis, 1474 
gastrocnemius, 1472 
gluteus maximus, 1470 
gracilis, 1468 
interosseous, first dorsal, 
1436 

latissimus dorsi, 1428 
masseter, 1442 
obliquus abdominis, 1469 
omohyoid, 1445 
palmaris longus, 1433 
pectoralis major, 1427 
peroneus brevis, 1471,1473 
longus, 1471 
tertius, 1473 
pronator teres, 1431 
rectus abdominis, 1457, 

1458 

femoris, 1460 
sacrospinalis, 1449 
sartorius, 1466, 1467 
scalenus anterior, 1447 
semimembranosus, 1468, 
1469 

scmispinalis capitis, 1446 
semitendinosus, 1468, 1469 
serratus anterior, 1428 
soleus, 1472 
splenius capitis, 1446 
sternomastoid, 1444 
temporalis, 1439 
tensor fascisa lata?, 1466 
teres major, 1428 
tibialis anterior, 1471,1473 
posterior, 1472, 1474 
transversus abdominis, 

1459 

trapezius, 1445, 1446 
triceps, 1431 
vastus lateralis, 1466 
medialis, 1466 
of nasion, 1438, 1441 
of navicular bone, 1473 
of neck, 1438, 1444 
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Surface Anatomy {cx)nt.) 
of nerve, accessory, 1447 
auricular, greater, 1449 
auriculotemporal, 1443 
circumflex, 1431 
cutaneous, anterior, of 
neck, 1449 
dental, inferior, 1443 
facial, 1443 
femoral, 1467 
glossopharyngeal, 1447 
hypoglossal, 1447 
infra-orbital, 1444 
intercostal, 1459 
interosseous, posterior, 

1434 

lingual, 1444 
mandibular, 1443 
maxillary, 1444 
median, 1428, 1431, 1434 
mental, 1443 

musculocutaneous, of arm, 
1431 

of leg, 1472 
occipital, lesser, 1449 
phrenic, 1449 
plantar, lateral, 1475 
medial, 1475 
popliteal, lateral, 1468 
medial, 1468 
radial, 1431, 1434 
sciatic, 1470 
tibial, anterior, 1472 
posterior, 1473 
ulnar, 1430, 1431, 1434 
vagus, 1447 
of nipple, 1428 
of nose, 1441 

of notch, mandibular, 1443 
supra-orbital, 1438 
suprasternal, 1444 
thyroid, 1444 
of oesophagus, 1457 
of olecranon, 1430 
of opening, orbital, 1438 
saphenous, 1467 
of orbit, 1438 
of orifice, anal, 1464 
aortic, 1455 

cardiac, of stomach, 1459 
of heart, 1463 
ileocolic, 1461 
mitral, 1455 
pulmonary, 1455 
pyloric, 1459 
tricuspid, 1455 
of os uteri externum, 1465 
of pancreas, 1460 
of patella, 1467 
of pelvis of ureter, 1462 
of perineum, 1464 
of pisiform bone, 1433 
of plane, transpyloric, 1458 
of pleura, 1452, 1454 
cervical, 1449, 1451 
of plexus, brachial, 1428, 
1446, 1448 
cervical, 1449 
of point, jugal, 1439 
McBurney’s, 1461 
occipital, maximal, 1438 
pre-auricular, 1439 
of pole, temporal, of cere- 
brum, 1440 

of process, alveolar, of max- 
illa, 1442 
condyloid, 1442 
coracoid, 1428 


Surface Anatomy (cont.) 
of process, coronoid, 1442 
mastoid, 1439 
olecranon, 1430 
styloid, of radius, 1432, 
1433 

of ulna, 1433 
transverse, of atlas, 1446 
of cervical, sixth, 1445 
of lumbar, 1451 
of thoracic, 1451 
xiphoid, 1463 
zygomatic, of frontal, 1438 
of prominence, laryngeal, 
1444 

of prostate, 1464 
of protuberance, mental, 1442 
occipital, 1438 
of pterion, 1439 
of pylorus, 1459 
of radius, 1432 
of ramus of mandible, 1442 
of recess, costodiaphragma- 
tic, 1454 

costomediastinal, 1454 
of rectum, 1464 
of retinaculum, extensor, of 
ankle, 1472, 1474 
of -wrist, 1435 
flexor, of ankle, 1473, 1474 
of wrist, 1435 
of ribs, 1449 

of ridge, supracondylar, of 
humerus, 1430 
of ring, inguinal, deep, 1469 
superficial, 1457, 1459 
of root, of mesentery, 1463 
of nose, 1441 
of spinal nerves, 1451 
of zygoma, 1439 
of scaphoid bone, 1432 
of scapula, 1428 
of septum, intermuscular, of 
arm, 1431 

of sheath, synoviaj, of ankle, 
1472 

of digits, 1438 
of wrist, 1438 
of shoulder, 1428 
of sinus, cavernous, 1441 
frontal, 1444 
maxillary, 1444 
sagittal, 1440 
sigmoid, 1440 ' 
transverse, 1440 
of skull, 1438 

of space, subarachnoid, 1451 
of spinal cord, 1451 
of spine, iliac, anterior, 1465, 
1466 

posterior, 1449, 1471 
nasal, anterior, 1441 
scapular, 1428 
vertebral, axis, 1446 
cervical, 1446 
lumbar, 1452 
sacral, second, 1449 
thoracic, 1449 
of spleen, 1453 
of stomach, 1459 
of sulci, cerebral, 1440 
of sustentaculum tali, 1473 
of suture, frontozygomatic, 
1438 

of symphysis pubis, 1457 
of talus, 1473 
of tendo calcaneus, 1472 
of testis, 1464 


Surface Anatomy {cont.) 
of thigh, 1469 
of thorax, 1453 
of thymus, 1457 
of tibia, 1471 
of tonsil, 1443 
of trachea, 1457 
of tract, iliotibial, 1466 
of trapezium, 1433 
of triangle, deltopectoral, 
1427, 1428 
femoral, 1466 
of neck, anterior, 1444 
posterior, 1445 
of trochanter, greater, 1469, 
1471 

of trunk, pulmonary, 1455 
sympathetic, cervj cal, 1449 
of tube, pharyngotympanic, 
1444 

of tubercles or tuberosities — 
adductor, 1466 
of calcaneum, 1473 
carotid, 1445 
dorsal, of radius, 1432 
pf humerus, 1428 
of iliac crest, 1450 
of metatarsal, fifth, 1473 
of navicular bone, 1473 
peroneal, 1473 
pubic, 1457 
of radius, 1432 
of scaphoid, 1433 
of tibia, 1467 
of ulna, 1432 
of umbilicus, 1457 
of ureter, 1453 
of urethra, 1464 
of vagina, 1465 
of valves of heart, 1465 
ileocolic, 1461 
of vas deferens, 1457 
of vein, axillary, 1429 
cava, inferior, 1463 
superior, 1456 
cephalic, 1429 
cubital, median, 1430 
facial, anterior, 1443 
femoral, 1467 
iliac, common, 1463 
external, 1463 
innominate, 1456 
jugular, external, 1447 
internal, 1446 
portal, 1463 

saphenous, long, 1467, 
1471, 1473 
subclavian, 1447 
of ventricles of brain, 1440 
of heart, 1455 
of vesicle, seminal, 1464 
of viscera, abdominal, 1459 
thoracic, 1453 
of zygomatic bone, 1442 
Sustentaculum lienis, 1314 
tali, 410, 412, 413 

surface anatomy, 1473 
Sutural bones, 315 
Sutures, 239, 327, 425 
obliteration, 327 
varieties, 425 
coronal, 240, 244, 264 
cruciform, 256 
frontal, 246, 304, 307 
fronto -ethmoidal, 249, 265 
frontolacrimal, 249 
frontomaxillary, 246 
frontonasal, 245 



1530 


INDEX 


Sutures (coni.) 
frontozygomatic, 245, 251 
surface anatomy, 1438 
intermaxillary, 256 
internasal, 246 
interpalatine, 256 
lacrimoconchal, 249 
lacrimomaxillary, 249 
lambdoid, 240, 244, 250, 264 
metopic, 304 
nasomaxillary, 246 
occipitomastoid, 250, 253, 
271 

palatomaxillary, 256, 276 
parietomastoid, 250, 253, 271 
petro-occipital, 262, 271 
petrosquamosal, 296, 298, 
299 

sagittal, 240, 244, 264, 303 
sph-eno-ethmoidal, 250, 265 
sphenofrontal, 248 
sphenozygomatic, 250 
squamomastoid, 254, 294 
squamous, 292, 296, 301 
tympanomastoid, 263, 300 
vomero -ethmoidal, 274 , 
zygomaticomaxillary, 250 
zygomaticotemporal, 252, 
295 

Swallowing, act of, 1299 
Swellings, arytenoid, 168, 179 
genital, 196, 197 
in female, 197 
lingual, 163 
Sympathoblasts, 124 
Symphysis, 426. See also 
Joint, cartilaginous 
menti, 277 
pubis, 481 

surface anatomy, 1457 
Synapse, 884 

Synarthrosis. See Joint, fibrous 
Synchondrosis, 426. See also 
Joint, cartilaginous 
neurocentral, 224 
Syndesmology. See Axthrology 
Syndesmosis. See Joint, fibrous 
tibiofibular, 503 
Synostosis, premature, 27 
Synovia, 428 
Systems, xxxii 
blood vascular, 661 
changes at birth, 688 
development, 132 
digestive, 1261 
development, 162, 173 
Haversian, 20 
lymphatic, 661, 884 
development, 160 
nervous, 880 

development, 104, 105, 
110, 884 
evolution, 880 
functions, 881 
parts, 885 
structure, 883 
autonomiCf 886, 1135 
development, 124 
central^ 887 
cerebrospinal^ 886 
parasympathetic, 887,1135, 
1137, 1138 
development, 124 
peripheral, 886, 1031 
morphology, 1031 
sympathetic, 887, 1135, 
1138 

applied anatomy, 1153 


Systems (coni.) 
nervous, sympathetic, centre, 
higher, 967, 1138 
development, 124 
distribution, 1138 
function, 1142 
plexuses, 1149 
structure, 1139 
cephalic part, 1142 
cervical part, 1143 
paralysis, 1153 
lumbar part, 1147 
pelvic part, 1147 
thoracic part, 1146 
portal, 840 

accessory, of Sappey, 844 
respiratory, 905, 1226 
development, 179 
retioulo-endothelial, 31 
skeletal, 183 
urogenital, 1361 
development, 183, 197 
sex homologues, 197 
Systole, 686 

Taeniae coli, 1332, 1333, 1840 
on caecum, 1333 
of fourth ventricle, 909, 

399 

pontis, 943 
Tail, 201 

of caudate nucleus, 1011 
of epididymis, 1380 
of pancreas, 1347 
Tail fold of embryo, 67 
Talus, 407, 409, 417 
homology, 417 
ossification, 421 
surface anatomy, 1473 
in tarsus, 407 
Tapetum, of choroid, 1169 
of corpus callosum, 997 
! relation to lateral ventri- 
cle, 1000, 1001 
Tarsus, 203, 407 
bones, 407 

comparison with carpus, 422 
homologies, 416 
ossification, 420 
Tarsus of eyelid, 1185 
Taste, organ, 1153 
cortical centres, 964, 972 
nerves, 1061, 1069, 1155 
Taste-buds, 1154 
of larynx, 1240 
of tongue, 1289 
structure, 1154 
Tears, 1189 

Tectum, of mesencephalon, 
942, 943 
of skull, 88 

Teeth, 1261, 1272, 1281 
applied anatomy, 1282 
arteries, 714, 715, 1277 
development, 1278 
eruption, 1281 
lymph vessels, 855 
malformations, 1282 
nerves, 1048, 1053, 1277 
structure, 1275 
auditory, 1211 
canine, 1273, 1274 
deciduous, 1272, 1275 
development, 1278 
eruption, 1275 
eye, 1273, 1274 
incisor, 1273 
molar, 1273, 1274 


Teeth (coni.) 
permanent, 1272, 1273 
applied anatomy, 1298 
development, 1281 
eruption, 1281 
premolar, 1273, 1274 
wisdom, 1273, 1274 
Tegmen tympani, 269, 297, 
298 

relation to tympanic cavity, 
1195 

Tegmentum, of mesencephalon, 
944 

sections, 944, 946 
subthalamic, 963 
Tela chorioidea, of fourth ven- 
tricle, 939, 1030 
of lateral ventricle, 1015 
of third ventricle, 970, 1015, 
1030 

arteries, 726, 735, 1015 
development, 1015 
Telencephalisation, 974 
Telencephalon, 886, 952, 971 
derivatives, 123, 974 
development, 117, 123, 886 
evolution, 972 

Telophase, of cell division, 3 
Temporal bone, 294 
age changes, 302 
at birth, 301 
chondrification, 88 
in middle cranial fossa, 268 
morphology, 294 
in norma basalis, 259, 261 
lateralis, 251 
ossification, 301 
structure, 300 

mastoid portion, 253, 254, 

297 

petrous portion, 259, 271, 
294, 298 

squamous part, 240, 267, 294 
styloid process, 99, 263, 254, 
294, 300 

tympanic part, 252, 260, 299 
zygomatic process, 252, 254, 
295 

Tendo calcaneus, 643, 644 
surface anatomy, 1472 
Tendon or Tendons, 522 

attachment to muscle, 32 
central, of diaphragm, 556 
conjoint, 565, 667 
relation to hernia, 1343 
of infundibulum, 676, 681, 
683 

of oesophagus, 1301 
Tentorium cerebelli, 1025 
attachments, 290 
Testis, 1380 
appendix, 1381 
development, 190 
arteries, 771, 777, 1383 
descent, 192 
anomalies, 192, 1384 
relation to hernia, 1342 
development, 191 
ectopia, 191, 1384 
efferent ductules, 1380, 1382 
development, 185, 191 
gubemaoulum, 192, 1281 
investments, 1381 
lymph drainage, 873 
mediastinum, 1381 
nerves, 1151, 1152, 1183 
rete, 1382 
structure, 1382 



Testis {conL) 
surface anatomy, 1464 
timica vaginalis, 1381 
veins, 839, 1387 
Thalamencephalon, 955 
Thalamus, 953, 956 
arteries, 725, 726, 727, 735 
connexions, 956 
development, 115, 951 
functions, 958 
nuclei, 956 
relations, 955 
to internal capsule, 1010 
structure, 956 
Theca folliculi, 45, 1395 
Theory, neurone, 885 
Thigh — 

arteries, 781, 785 
bone. See Femur 
fascia, 623 
lymph drainage, 864 
glands, 862, 864 
muscles, 623, 628, 638 
nerves, 1112, 1115, 1118, 
1122 

surface anatomy, 1465, 1469 
veins, 824 
Thorax, 238, 666 
arteries, 737, 739, 742, 743, 
744, 757, 758, 759 
bones, 229, 238 
cavity, 666, 667 
inlet, 238, 666 
joints, 445, 449 
lymph drainage, 876, 877 
glands, 876, 877 
mechanism, 879 
mediastinum, 667, 1252 
movements, in respiration, 
558 

muscles, 552 
nerves, 1099, 1108 
outlet, 238, 667 
sex differences, 239 
surface anatomy, 1453 
veins, 825 
Thread, spiral, 48 
Thrombokinase, 30 
Thumb — 
arteries, 751 
bones, 363, 364 
homology, 423 
joints, 475 
movements, 475 
muscles, 615 
nerves, 1101, 1103, 1105 
Thymus, 1411, 1420 
age changes, 166, 1420 
applied anatomy, 1421 
arteries, 1421 
development, 165 
lymph drainage, 879 
nerves, 1421 
structure, 1420 
surface anatomy, 1457 
veins, 1421 

Thyroid cartilage. See Cart- 
ilage 

gland. See Grland 
Thyroxin, 1413 
Tibia, 395, 397, 400 
condyles, 39^ 397 
epiphyses, 402 
lower end, 400, 401 
nutrient artery, 801 
ossification, 402 
shaft, 397, 398 
structure, 402 
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Tibia (cont.) 
surface anatomy, 1471 
upper end, 396, 397 
Tissues, 4 
adipose, 9 
angioblastic, 72 
areolar, 7, 8 
extraperitoneal, 1305 
connective, 7 

vessels and nerves, 14 
extraperitoneal, 571 
elastic, yeUow, 12 
erectile, of clitoris, 1406, 1407 
of penis, 1388 
of urethxa, 1379 
. of vagina, 1405 
of vestibule, 1407 
fibrous, white, 10 
vessels, 14 
lymphoid, 13 
mucoid, 13 

muscular, cardiac, 35, 517 
involuntary, 34, 517 
voluntary, 32, 517 
development, 36 
nervous, 36 
osteogenetic, 22 
retiform, 12 
scleratogenous, 66 
trabecular, of sclera, 1166, 
i 1167 
Toes — 

arteries, 798, 802 
bones, 420 
development, 102 
joints, 514 
nerves, 1126 
veins, 832, 834 
webbing, 102 
Tone of muscles, 937, 948 
Tongue, 1283 

applied anatomy, 1288, 1289^ 
arteries, 706, 1289 
development, 163 
lymph drainage, 855 
movements, 1288, 1289 
in deglutition, 1299 
mucous membrane, 1289 
muscles, 1286 

development, 103 
extrinsic, 1287 
intrinsic, 1288 
nerves, 1282 
motor, 1079 

sensory, 1061, 1069, 1155, 
1289 

taste, 1061, 1069, 1155,1289 
papillae, 1285 
septum, 1289 
structure, 1289 
veins, 811 
Tonsil, the, 1292 

applied anatomy, 1293 
arteries, 706, 709, 1293 
development, 165 
lymph drainage, 865 
nerves, 1060, 1069, 1293 
structure, 1293 
surface anatomy, 1444 
veins, 1293 
of cerebellum, 928 
lingual, 1284, 1293 
nasopharyngeal, 1292, 1293 
' applied anatomy, 1298 
palatine. See T., the 
Torsion, of femoral neck, 386 
of humerus, 343 
of spermatic cord, 1384 
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Torus tubarius. See Elevation, 
tubal 

Trabeculae, cameae, 146, 676, 
680 

of femur, 393 
of lymph gland, 846 
of penis, 1390 
of spleen, 1423 
Trachea, 1240 
applied anatomy, 1245 
arteries, 737, 1244 
cartilages, 1243 
development, 179 
lymph vessels, 855 
mucous membrane, 1244 
muscles, 1244 
nerves, 1244 
relations, 1240 
structure, 1243 
surface anatomy, 1444, 
1457 

Tracheotomy, 1245 
TEACT or TEACTUS. See also 
Fasciculus 

ascending, 901, 903, 912, 
914, 917, 919, 1018, 

I 1021 

summary, 1018 
bulbospinal, 899, 900 
cerebellar, 1020 
cerebropontine, 920, 921 
cerebrospinal, 898, 899, 943, 
1000, 1018 
anterior, 898, 899 
lateral, 899, 914 
decussation, 899, 1016 
in internal capsule, 1010, 
1018 

in medulla oblongata, 
912, 920 

myelination, 106, 123, 998, 
1022 

origin, 991 
in pons, 914 

descending, 898, 899, 943, 
1000, 1018 
summary, 1018 
extrapyramidal, 1018 
iliotibial, 624 
relation to knee-joint, 493 
surface anatomy, 1466 
intersegmental, anterior, 899 
lateral, 900 
posterior, 903 

mamiUotegmental, 963, 964, 
988 

mamillothalamic, 963, 964, 
988 

motor, 989, 1Q18 
decussation, 899, 1015 
summary, 1018 
olfactory, 121, 126, 984 
evolution, 971 

olivocerebellar, 915, 917, 

933, 1020 

olivospinal, 900, 914 
optic, 967, 968, 1039 
peduncularis transversus, 944 
posterolateral, 892, 901 
P3T:amidal. See T., cerebro- 
spinal 

rubroreticular, 947 
rubrospinal, 896, 900, 914, 
947, 948, 1018, 1020 
decussation, 948 
origin, 947 
summary, 1018 
semilunar, 903 
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Tract or Tractus {cont.) 
sensory, 1018 

decussation, 912, 1018 
summary, 1018 
septomarginal, 903 
soUtarius, 913 
development, 124 
nucleus, 913 

spinal, of trigeminal n., 923, 
924,945,1043 
spinocerebellar, anterior and 
posterior, 897, 900, 925, 
932, 1020 

spinotectal, 901, 914, 952 
spinothalamic, anterior, 899, 
1019 

lateral, 900, 914, 1019 
spiralis foraminosus, 272, 
298, 1205 
sulcomarginal, 899 
tectobulbar, 949 
origin, 952 

tectocerebellar, 932, 1020 
tectospinal, 900, 917, 948, 952 
decussation, 948 
origin, 952 

vestibulocerebellar, 1020 
vestibulospinal, 898, 914, 

922, 1020 
origin, 922 
Tragus, 1190 

development, 132 
Trapezium, 357, 361 
homology, 417 
ossification, 366 
surface anatomy, 1433 
Trapezoid bone, 357, 362 
homology, 417 
ossification, 366 • 

Triangle. See also Trigone 
of auscultation, 585 
carotid, 540, 544, 701, 716 
digastric, 540, 717 
femoral, 786 
surface anatomy, 1466 
inguinal (of Hesselbach), 
1342 

lumbar, 371, 585 
muscular, of neck, 544, 716 
of neck, anterior, 539, 540, 
716 

surface anatomy, 1444 
posterior, 539, 543, 717 
surface anatomy, 1445 
occipital, 544, 718 
subclavian, 544, 718 
submental, 540, 717 
suboccipital, 552, 737 
supraclavicular, 514, 718 
suprameatal, 252, 254, 295, 
1203 

Trigone, Trigonum. See also 
Triangle 

of bladder, 1374, 1376 
development, 193 
collaterale, 1004 
fibrosum, of heart, 682, 684 
habenulae, 955, 960, 961 
development, 116 
hypoglossi, 941 
vagi, 942 

Triquetral bone, 357, 361 
homology, 417 
ossification, 366 
Trochanter, greater, 385, 386 
surface anatomy, 1469 
lesser, 385, 386 
third, 389 
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Trochlea, of humerus, 343, 
346 

of superior oblique, 1181 
of talus, 410 

Trophoblast, 53, 75, 76, 77, 78 
plasmodial, 53, 78 
proliferative, 78 
resorptive, 77 

Truncus arteriosus, 135, 142 

Trunk, Trunks— 
of brachial plexus, 1093 
of corpus callosum, 981, 999 
costocervical, 739 
lumbosacral, 1111, 1118 
lymph. See Lymph trunks 
pulmonary, 6^, 1259 
applied anatomy, 691 
branches, 691 
development, 149 
in lungs, 1259 
orifice, 676 

surface anatomy, 1455 
sympathetic, 1135, 1142 
applied anatomy, 1153 
development, 124 
function, 1142 
structure, 1139 
cephalic part, 1142 
cervical part, 1143 
paralysis, 1153 
surface anatomy, 1449 
lumbar part, 1142 
pelvic part, 1142 
thoracic part, 1142 
thyrocervical, 737 

Tube, auditory. See T. pharyn- 
gotympanic 
digestive, 1261 
anomalies, 173 
development, 162 
neural, 104, 105, 110, 884 
derivatives, 106 
development, 60, 104 
fiexures, 110, 111 
pharyngotympanic, 1 1 94, 
1199 

arteries, 706, 708, 1199 
bony part, 1199 
cartilaginous part, 259, 
1199 

development, 130, 168 
nerves, 1200 

pharyngeal opening, 1290, 
1293 

surface anatomy, 1444 
uterine, 1396 
applied anatomy, 1397 
arteries, 772, 777, 1396 
development, 189 
homologue, 197 
. lymph vessels, 875 
structure, 1397 

Tuber, Tubercle or Tuberosity — 
adductor, 389, 390, 391 
surface anatomy, 1466 
anal, 172 

articulare. See Eminence, 
articular 

of atlas, anterior, 209 
posterior, 209, 210 
auditory, 941 
auricular, 1190 
of calcaneum, 411, 413 
surface anatomy, 1473 
carotid, 208, 703 
surface anatomy, 1445 
cinereum, 962, 964 
development, 116 


Tuber, Tubercle or Tuberosity-*. 
(cont.) 
cloacal, 190 
conoid, 338, 339 
of cuboid bone, 4] 6 
cuneate, 909 
deltoid, 338, 341, 346 
of epiglottis, 1230, 1234 
genial, 277, 279, 280 
genital, 190 
gluteal, 388, 389 
gracile, 908 
of humerus, 341, 345 
surface anatomy, 1428 
iliac, 369, 373 
of iliac crest, 368 
surface anatomy, 1450 
impar, 163 

infraglenoid, 332, 335 
intercondylar, of tibia, 396, 
397 

intervenous, 675 
of ischium, 375, 377 
ossification, 379 
surface anatomy, 1469 
jugular, 271, 288 
Lister’s, 350, 352 
marginal, of zygoma, 325 
of maxilla, 317 
mental, 277 

of metatarsal, fifth, 420 
surface anatomy, 1473 
Mullerian, 188 
of navicular bone (of foot), 
413, 414 

surface anatomy, 1473 
of wrist. See T. of scaph- 
oid 

obturator, 378 
olfactory, 996 
evolution, 971 
omentale, of liver, 1354 
of pancreas, 1347 
of palatine bone, 256, 258, 
260, 323 

peroneal, 412, 413 
surface anatomy, 1473 
of phalanges, distal, of 
fingers, 366 
of toes, 420 
pharyngeal, 258, 286 
postglenoid, 254, 296 
pterygoid, 293 
pubic, 374 

relation to hernia, 1344 
surface anatomy, 1457 
quadrate, 385, 387 
of radius, 348, 350 
dorsal, 350, 352 
surface anatomy, 1432 
of rib, 234, 236 
of sacrum, spinous, 219 
transverse, 220 
scalene, 234, 236 
of scaphoid bone, 357, 360 
surface anatomy, 1433 
sellaj, 268, 269, 290 
for serratus anterior, 236 
supraglcnoid, 333 
of talus, 410 
posterior, 410 
ossification, 421 
of teeth, 1272, 1273, 1274 
thyroid, inferior, 1227, 1228 
tibial, 396, 397 
surface anatomy, 1467 
of ulna, 353, 355 
of zygoma, 254 
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Tubules, collecting, of kidney, 
1369 

development, 185 
convoluted, of kidney, 1369 
of epoopboron, 1396 
of paroophoron, 1396 
renal, 1365, 1367 
development, 186 
structure, 1367 
seminiferous, 1382 
development, 191 
spiral, of kidney, 1367 
Tunica adventitia, of arteries, 
662 

of veins, 665 
albuginea, of ovary, 1394 
of spleen, 1423 
of testis, 1381 
development, 190 
dartos. See Muscle, dartos 
of eyeball, 1164, 1168, 1172 
folliculi, 1395 
intima, of arteries, 662 
of veins, 665 
media, of arteries, 662 
of veins, 665 

propria of labyrinth, 1290 
vaginalis testis, 1381 
applied anatomy, 1384 
development, 192 
relation to hernia, 1342 
vasculosa testis, 1381 
Tunnel of Corti, 1212 
Twins, uniovular, 53 
Tympanic antrum, 1198 
cavity, 1194 
membrane, 1194, 1196 
ring, 301 

Tympanohyal, 300, 301, 302 

Ulna, 352, 354 

coronoid process, 353, 355 
epiphyses, 355 
fractures, 356 
head, 353, 355 
nutrient artery, 752, 753 
olecranon, 353, 354 
ossification, 355 
shaft, 354, 355 
structure, 355 
styloid process, 353, 355 
surface anatomy, 1432 
trochlear notch, 353, 355 
Umbilicus, 1457 
closure, 170 

connection with bladder, 
194, 1373 

with intestine, 173, 1327 
with liver, 687, 1004 
development, 74, 168 
movements, in respiration, 
558 

Umbo of tympanic membrane, 
1196 

Uncus, 983, 985 
development, 119 
Urachus, 1371, 1374 
development, 194 
relation to peritoneum, 1307 
Ureter, 1369 
abdominal part, 1369 
applied anatomy, 1370 
arteries, 771, 777, 1370 
constrictions, 186 
development, 186, 187 
lymph vessels, 872 
nerves, 1370 
orifice, 1370, 1375 


Ureter (cont) 
pelvic part, 1369 
relation to vagina, 1370, 
1405 

to vas deferens, 1384 
pelvis of, 1363 
structure, 1370 
surface anatomy, 1453, 1462 
Urethra, 1379, 1381 
anomah'es, 198 
arteries, 772, 777, 1402 
development, 197 
internal orifice, 1375 
age changes, 1373 
lymph vessels, 873 
nerves, 1128 
female, 1379 

development, 196 
external orifice, 1379, 1407* 
membranous part, 582 
relation to vagina, 1405 
structure, 1379 
male, 1379 

applied anatomy, 1379 
development, 195, 196, 197 
external orifice, 1378 
membranous part, 579, 
1377, 1378 
prostatic part, 1377 
spongy part, 1377; 1378 
development, 194 
surface anatomy, 1464 
structure, 1378 

Urinary bladder. See Bladder, 
urinary 

Urogenital system, 1361 
development, 183, 197 
Uterus, 1399 
age changes, 1400, 1401 
anteflexion, 1399 
anteversion, 1399, 1402 
applied anatomy, 1402 
arteries, 772, 777, 1402 
cavity, 1403 
cervix, 1399 
development, 189 
isthmus, 1400 
ligaments, 1403 
development, 193 
lymph vessels, 874 ^ 

in menstruation, 1400 
mucous membrane, 1401 
nerves, 1138, 1153, 1402 
peritoneum, 1398, 1399, 1401 
in pregnancy, 77, 1400 
prolapse, 576 
retroversion, 1402 
structure, 1401 
veins, 837, 1402 
Utricle of ear, 1207 
development, 129 
nerves, 298, 1214 
structure, 1208 
prostatic, 1377, 1378 
development, 190 
homologue, 197 
Uvula, of cerebellum, 927 
of palate, 1263 
bifid, 97 
vesicse, 1375 

Vacuoles, in cells, 2 
Vagina, 1404 

arteries, 777, 778, 790, 1405 
development, 190 
examination, 1465 
fomices, 1405 
relation to ureter, 1370 


Vagina {cont,) 
homologue, 197, 1377 
lymph vessels, 875 
nerves, 1153, 1409 
[ orifice, 1406 
peritoneum, 1405 
structure, 1405 
veins, 837, 1405 
vestibule, 1406 

Vagina of styloid process, 299 
Vaginae synoviales. See Sheath, 
synovial 

Vallecula, of cerebellum, 926, 
930 

of tongue, 1230 
Valves, anal, 1340 
development, 173 
aortic, 680 

development, 146 
surface anatomy, 1455 
atrioventricular, 676, 680 
development, 146 
surface anatomy, 1455 
left, 680 
right, 676 

of coronary sinus, 673, 674, 
804 

of heart, 674, 676, 680 
development, 146 
mechanism, 676 
surface anatomy, 1455 
ileocolic, 1333, 1334 
surface anatomy, 1461 
of lymph vessels, 846, 849 
mitral, 680 

development, 146 
surface anatomy, 1455 
pulmonary, 677 
development, 146 
surface anatomy, 1455 
spiral, of cystic duct, 1358 
tricuspid, 676 
development, 146 
surface anatomy, 1455 
of veins, 666 
axillary, 824 
cephalic, 823 
coronary sinus, 673, 804 
femoral, 834 
jugular, external, 808 
internal, 811 
popliteal, 834 
saphenous, 832 
applied anatomy, 833 
testicular, 839 
applied anajtomy, 840 
of vena cava inferior, 673, 
674, 689, 838 
development, 137 
function, 689 
venous, of heart, 137, 675 
of vermiform appendix, 
1334 
Vas, Vasa — 
aljerrantia, 746 
afferentia, of kidney, 1367 
deferens, 1380, 1384 
arteries, 771, 777, 1387 
development, 185, 191 
lymph vessels, 874 
relation to bladder, 1372 
to ureter, 1370 
structure, 1385 
surface anatomy, 1457 
efEerentia of kidney, 1367 
spirale of cochlea, 1212 
vasorum, 663 
of veins. 666 
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Veins or Venae, 136, 661, 803 
development, 153 
deep, 803 
structiire, 665 
superficial, 803 
systemic, 803 
valves, 666 

VEINS of organs and regions — 
of abdomen, 834 to 844 
of anal canal, 836, 1341 
of arm, 822 to 825 
of auricle of ear, 808 
of basal nuclei, 814 
of bladder, urinary, 837, 
1376 

of bone, 20, 26 
of brain, 813 
development, 158 
of bronchi, 830, 1259 
of buttock, 835 
of cerebellum, 814 
of cerebrum, 814 
of cboroid plexus, 1015 
of clitoris, 835 
of colon, 842, 1341 
of corpus striatum, 814 
of diaphragm, 827, 840 
of digits of foot, 832, 834 
of hand, 822, 824 
of diploe, 813 
of duodenum, 843, 1326 
of dura mater, cerebral, 1026 
spinal, 830, 831 
of ear, external, 808 
internal, 1215 
middle, 808, 1202 
of eyeball, 819, 1168, 1178 
of face, 806 
of forearm, 824 
of gall-bladder, 844 
of gluteal region, 835 
of hand, 824 
of head, 805, 806 
of heart, 804 

of intestines, large, 842, 1341 
small, 843, 1330 
of iris, 1171 
of kidney, 840, 1368 
of labium majus, 832, 835 
of larynx, 812, 826, 1240 
of leg, 834 
of limb, lower, 832 
upper, 823, 824 
of lips, 806 

of liver, 840, 1354, 1355 
of lungs, 804, 830, 1260 
of mammary gland, 825, 
1409 

of medulla oblongata, 814 
of meninges, 821, 1026 
of nasal cavity, 1161 
of neck, 808 to 813 
of nose, 1157 

of oesophagus, 826, 827, 842, 
1302 

of orbit, 806, 819 
of ovary, 840 
of palate, 806, 808, 1264 
of pancreas, 842, 843, 1349 
of parotid gland, 806, 1269 
of pelvis, 834, 835, 836 
of penis, 837, 1390 
of pericardium, 825, 826 
of pharyiigotympanio tube, 
1200 

of pharynx, 812 
of pons, 814 

of prostate, 836, 837, 1392 
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Veins of organs and regions 
(cont.) 

of rectum, 835, 836 , 1342 
of retina, 1176 
of Retzius, 844 
of scalp, 806, 807 
of sclera, 1166 
of scrotum, 832, 835 
of skull, 813 
of spinal cord, 831 
of spleen, 842, 1425 
of stomach, 842, 843, 844, 
1323 

of suprarenal glands, 1418 
of testis, 839, 1387 ! 

of thorax, 825 
of thymus, 825, 1421 
of thyroid gland, 806, 812, 
826, 1414 
of toes, 832, 834 
of tongue, 811 
of tonsil, 1293 
of trachea, 1244 
of tympanic cavity, 1202 
membrane, 1297 ^ 
of umbilicus, 72, 154, 687 
of uterus, 837, 1402 
of vagina, 837, 1405 
of vermiform appendix, 843 
of vertebral column, 830 
VEINS or VEN^, Named— 
advehentes, 154 . 
alveolar, 808 

anastomotic, of brain, 814 
angular, 806 
arch, dorsal, of foot, 832 
of hand, 822 
palmar, 824 
plantar cutaneous, 832 
deep, 834 

arciform, of kidney, 1368 
auricular, posterior, 808 
axillary, 824 
applied anatomy, 825 
surface anatomy, 1429 
azygos, 827 
applied anatomy, 830 
development, 158 
line, 156 
lumbar, 827 
basal, of brain, 814 
basilic, 823 
basivertebral, 830 
brachial, 824 

, bronchial, 826, 829, 830 , 
1260 

buccal, 808 
buccinator, 806 
cardiac, 804, 805 
cardinal, anterior, 155, 168 
posterior, 155, 158 
cava, inferior, 838 

abdominal part, 838 
applied anatomy, 838 
collateral circulation, 
838 

development, 155, 157 
in foetal circulation, 687 
nerves, 1150, 1152 
orifice, 673 
peculiarities, 838 
postrenal segment, 155 
prerenal segment, 156 
relations to liver, 1353 
surface anatomy, 1463 
tributaries, 839 
valve, 673, 674, 689, 
838 


Veins or Vense, Named {cont.) 
cava, superior, 827 
left, 825 

applied anatomy, 830 
collateral circulation, 
830 

development, 158 
orifice, 673 
peculiarities, 158 
surface anatomy, 1456 
tributaries, 827 
central, of liver, 840, 1356 
of retina, 1176 
cephalic, 823 

development, 160 
surface anatomy, 1429 
accessory, 823 
cerebellar, 814 
cerebral, 814, 1016 
cervical, deep, 813 
transverse, 809 
choroid, of brain, 814 
of eye, 1169, 1179 
ciHary, 1169, 1179 
colic, 842 
comitantes, 803 
brachial, 824 
n. hypoglossi, 811 
radial, 824 
tibial, 834 
ulnar, 824 
cordis minimse, 804 
orifices, 673, 674 
coronary sinus, 804 
valve, 804 
cubital, median, 823 
surface anatomy, 1430 
venesection, 824 
cystic, 844 
dental, 808 

digital, dorsal, of foot, 832, 
834 

of hand, 822 
palmar, 822, 824 
plantar, 832, 834 
diploic, 813 
dorsal, of clitoris, 835 
of penis, deep, 837, 1390 
superficial, 837 
emissary, 821 
epigastric, inferior, 835 
superficial, 832 
facial, anterior, 806 

applied anatomy, 806 
connexions, with caver- 
nous sinus, 806 
surface afiatomy, 1443 
common, 806 
deep, 806 
posterior, 808 
transverse, 807 
femoral, 834 
surface anatomy, 1467 
frontal, 806 
gastric, left, 843 
right, 844 
short, 842 

gastro-epiploic, left, 842 
right, 843 

gluteal, inferior and superior, 
835 

haemorrhoidal, 835 
head, primary, 858 
hemiazygos, inferior, 827 
superior (accessory), 829 
development, 158 
hepatic, 661, 840 
in liver, 1356 
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Veins or Venae, Named (cotU.) 
hepatis communis, 137, 154 
hypogastric, 835 
ileocolic, 843 

iliac, circumflex, deep, 835 
superficial, 832 
common, 837 
development, 155 
peculiarities, 837 
surface anatomy, 1463 
external, 834 
internal, 835 
innominate, 825 
development, 158 
peculiarities, 825 
surface anatomy, 1456 
intercapitular, of foot, 832 
of hand, 822 
intercostal, anterior, 830 
posterior, 829 
superior, left, 826 
development, 158 
right, 827 

interlobular, of kidney, 840, 
1368 

of liver, 1355 
intersegmental, 156 
intervertebral, 831 
jugular, anterior, 809 
external, 808 

applied anatomy, 809 
development, 160 
relations, 808 
sinus, 808 

surface anatomy, 1447 
tributaries, 809 
valves, 808 
posterior, 809 
internal, 810 
bulb, 810, 812 
relation to tympanic 
cavity, 1195 
development, 160 
ligation, 812 
pulsation, 812 
relations, 811 
surface anatomy, 1446 
tributaries, 811 
labial, 816 

laryngeal, 812, 826, 1240 
lingual, 811 
linguofacial, 160 
lumbar, 839 

development, 158 
ascending, 827, 828, 839 
mammary, internal, 825 
marginal, of foot, 832 
of heart, 804 
masseteric, 806, 808 
maxillary (internal), 808 
meningeal, middle, 821 
mesenteric, inferior, 842 

relation to duodenal 
recess, 843 
superior, 843 
development, 154 
relation to pancreas, 
1346 

metacarpal, dorsal, 822 
palmar, 824 
metatarsal, dorsal, 832 
plantar, 834 
nasal arch, 806 
oblique, of leftatrium, 805,825 
development, 136, 158 
obturator, 835 
occipital, 808 
oesophageal, 826, 827, 828 


Veins or Venae, Named (cont.) 
ophthalmic, 806, 819 
development, 160 
orbital, 807 
ovarian, 840 
palatine, 806, 808 
relation to tonsil, 1292 
palpebral, 80, 806 
pancreatic, 842 
pancreaticoduodenal, 843 
para-umbihcal, 844 
parietal, 155 
parotid, 806 

pericardiacophrenic, 826 
pericardial, 825, 827 
peroneal, 834 
pharyngeal, 812 
phrenic, 840 

plantar, lateral and medial, 
834 

popliteal, 834 
portal, 687, 803, 841 
applied anatomy, 844 
collateral circulation, 844 
development, 154 
in liver, 1355 
obstruction, 844 
relations, 841 
surface anatomy, 1463* 
tributaries, 842 
profunda antibrachii, 824 
clitoridis, 837 
facial, 806 
femoris, 834 
linguae, 811 
penis, 837, 1390 
prostatio, 837 
pterygoid, 808 
pubic, 835 

pudendal, external, 832 
internal, 835 
pulmonary, 803, 804 
development, 143 
in lungs, 804 
in pericardium, 804 
orffices, 676 
radial, 824 
rectal, inferior, 835 
middle, 835 
varicosities, 837, 1342 
superior, 837, 842, 1342 
renal, 840, 1363 
development, 157, 158 
in hilum of kidney, 1363 
in kidney substance, 1368 
peculiarities, 840 
of Retzius, 844 
revehentes, 154 
sacral, lateral, 835 
median, 837 

saphenous, accessory, 832 
long (great), 832 
surface anatomy, 1467, 
1471, 1473 
varicosities, 833 
short, 833 
somatic, 157 
spermatic, 839, 1387 
sphenopalatine, 808 
splenic, 842, 1425 
in spleen, 1425 
stellate, of kidney, 1368 
striate, 814 
stylomastoid, 808 
subcardinal, 155 
subcentral, 156 
subclavian, 825 
surface anatomy, 1447 
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Veins or Venae, Named {cont.) 
subcostal, 827, 828 
sublobular, of liver, 840, 
1356 

submandibular, 806, 1270 
submental, 806 
supracardinal, 156 
supra-orbital, 806 
suprarenal, 840 
development, 156 
supratrochlear, 806 
temporal, deep, 808 
middle, 807 
superficial, 807 
terminalis, 814, 955, 1000 
testicular, 839, 1387 
valves, 839 
varicosities, 840 
thalamostriate, 814, 955 
in lateral ventricle, 1000 
thoraco-epigastric, 832 
thymic, 825 
thyroid, inferior, 826 
middle, 812 
superior, 806, 812 
tibial, anterior, 834 
posterior, 834 
tonsillar, 1293 
tracheal, 826 
ulnar, 824 
umbihcal, 687 

development, 136, 154 
impar, 685 
obliterated, 1306 
primitive, 72 
uterine, 837, 1402 
vaginal, 837, 1405 
of ventricle, left, posterior, 
805 

vertebral, 812 
vesical, 837 • 

visceral, 153 
vitelline, 134, 153 
vitello-umbilical, 136 
vorticosse, 1168, 1178 
Velum, medullary inferior, 939, 
939 

superior, 929, 939 
development, 113 
palatine, j&ce Palate, soft 
Ventricles of brain — 
fourth, 938 
boundaries, 938 
choroid plexus, 940 
development, 113 
floor, 940 
recesses, 938 
roof, 938 

apertures, 939, 1028 
lateral, 1003 
central part, 1003 
cornua, 1004 
development, 115, 885 
surface anatomy, 1440 
tela chorioidea, 1015 
third, 968 

development, 115, 1015 
floor, 963, 968 
recesses, 969, 970 
roof, 968 
of fornix, 987 
of heart, 661 

development, 135, 142 
septum, 144, 145, 146, 
681 

structure, 683 
surface anatomy, 1455 
systole, 686 
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Ventricles (cant.) 
of heart, left, 661, 669, 679 
right, 661, 669, 676 
of larynx. See Sinus of 
larynx 

terminal, of spinal cord, 106, 
107, 893 
of Verga, 987 
Venules, 661 
stellate, of kidney, 1368 
Vermis, of cerebellum, 926, 927 
development, 113 
Vemix caseosa, 202 
origin, 103 
Vertebrae, 205 

anticlinal, 215 
arteries, 733, 734, 759, 
773, 782 
blastemal, 83 
in column, 227 
development, 83 
epiphyses, 224 
fixed, 207 
fracture, 229 
movable, 207 
ossification, 224 
structure, 206 
t3^ical, 205 
veins, 830 
cervical, 207 

ossification, 224 
ados, 209 

articulations, 440, 443 
' development, 84 
ossification, 225 
surface anatomy, 1445 
transverse process, 210 
axis, 210,211 
articulations, 440, 443 
odontoid process, 210, 
211 

ossification, 225 
surface anatomy, 1446 
seventh, 212 
ossification, 225 
surface anatomy, 1446 
coccygeal, 223 
ossification, 227 
lumbar, 216 

ossification, 224, 226 
relation to planes of abdo- 
men, 1301 

surface anatomy, 1452 
fifth, 216, 218 
prominens, 212 
sacral, 218 
ossification, 226 
in pelvis, 379 
thoracic, 213 
arteries, 760 
ossification, 224 
surface anatomy, 1449, 
1452 


Vertebrae (cont.) 

thoracic, eleventh, 214, 216 
first, 214, 216 
ninth, 214 
tenth, 214 
twelfth, 214, 216 
Vertebral column. See Col- 
umn, vertebral 

Vertex of bladder. See Apex 
of bladder 
Vertical plane, xxxii 
Verumontanum. See Crest, 
urethral 

Vesicles, amnio-embryonic, 54 
auditory, 87, 129 
cerebral, primary, 61, 110 
derivatives, 885 ' 
ectodermal, 54, 55 
entodermal, 55, 62 
germinal, 45, 46 
lens, 125 

optic, 115, 117, 125 
otic. See V., auditory 
seminal, 1385 
applied anatomy, 1386 
arteries, 777, 782, 1386 
development, 185 
lymph vessels, 874 
nerves, 1386 

relation to bladder, 1373 
to vas deferens, 1385 
structure, 1386 
surface anatomy, 1464 
veins, 837, 1386 
thyroid, 1413 
uinbilical, 72 

Vessels, blood. See Arteries 
and Veins 
chyliferous, 845 
lymph. See Lymph vessels 
Vestibule, aortic, 680 
development, 145 
of bronchiole, 1257 
of labyrinth of ear, 1204 
development, 129, 130 
of larynx, 1233 
of mouth, 1261 
of nose, 1157 
of omental bursa, 1308 
of vagina, 1406 
development, 196 
Vibrissse, 1157 
Villi, arachnoid, 1029 
chorionic, 76, 79 
intestinal, 1328, 1329, 1330 
placental, 76, 79 
Vincula tendinum, of fingers, 
601 

of toes, 656 

Viscera, abdominal, 1302 
surface anatomy, 1459 
thoracic, 661, 669, 1264 
surface anatomy, 1453 


Visual centres, 952, 960 , 968, 
993, 1039 . See also 
Area, visual, and Organ, 
sight 

Visual purple, 13, 1172, 1175 
Volvulus of intestine, 1342 
Vomer, 314 

in nasal septum, 274, 276 
in norma basalis, 258 
ossification, 314 
Vulva, 1405 

lymph vessels, 869 
of third ventricle, 969 

Wallerian degeneration, 42, 
897, 898 

Wax, of ear, 1193 
Weight, body, transmission of, 
483 

of brain, 1016 
of foetus, 202 
of heart, 669 
of liver, 1349 
of spleen, 1423 
Wharton’s jelly, 13 
Windpipe. See Trachea 
Wolffian body. See Meso- 
nephros 

duct. See Duct, meso- 
nephric 

Wrist. See Carpus 
Wrist-joint. See Joint, wrist 

Yolk, formative, 46 
nutritive, 46 
sac, 55, 72 

Zona, arcuata, of cochlea, 1211 
boundary, of suprarenal 
gland, 1418 

fasciculata, of suprarenal 
gland, 1418 

germinativa, of skin, 1219 
glomerulosa, of suprarenal 
gland, 1418 

homy, of skin, 1219, 1220 
incerta, 963 
orbicularis, of hip, 485 
pectinata, of cochlea, 1211 
pellucida, 45, 46 
reticularis, of suprarenal 
gland, 1418 
striata, 45, 46 
Zones of abdomen, 1301 
Zonula ciliaris, 1177 
Zygoma, 252, 295 
roots, 254, 262, 295 
Zygomatic bone, 242, 243, 824 
fractures, 331 
in norma frontalis, 246 
ossification, 326 
surface anatomy, 1442 
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